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The Linear Division, one of four 
Signetics product divisions, is a major 
supplier of a broad line of linear integrat
ed circuits ranging from high perfor
mance application specific designs to 
many of the more popular industry stan
dard devices. 

A fifth Signetics division, the Military 
Division, provides military-grade integrat
ed circuits, including Linear. Please con
sult the Signetics Military data book for 
information on such devices. 

Employing Signetics' high quality pro
cessing and screening standards, the 
Linear Division is dedicated to providing 
high-quality linear products to our cus
tomers worldwide. 

The three 1987 Linear Data and Applica
tions Manuals provide extensive techni
cal data and application information for a 
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broad range of products serving the 
needs of a wide variety of markets. 

Volume 1 - Communications: 
Contains data and application informa
tion concerning our radio and audio 
circuits, compandors, phase-locked 
loops, compact disc circuits, and ICs for 
RF communication, telephony and mo
dem applications. 

Volume 2 -Industrial: 
Contains data and application informa
tion concerning our data conversion 
products (analog-to-digital and digital-to
analog), sample-and-hold circuits, com
parators, driver Ireceiver ICs, amplifiers, 
position measurement devices, power 
conversion and control ICs and music/ 
speech synthesizers. 

Volume 3 - Video: 
Contains data and application informa
tion concerning our video products. This 

iii 

includes tuning, video IF and audio IF 
circuits, sync processors/generators, 
color decoders and encoders, video pro
cessing ICs, vertical deflection circuits, 
Videotex and Teletext ICs and power 
supply controllers for video applications. 

Each volume contains extensive pro
duct-specific application information. In 
addition there are selector guides and 
product-specific symbols and definitions 
to facilitate the selection and under
standing of Unear products. A functional 
Table of Contents for each of the three 
volumes and a complete product and 
application note listing is also included. 

Although every effort has been made to 
ensure the accuracy of information in 
these manuals, Signetics assumes no 
liability for inadvertent errors. 

Your suggestions for improvement in 
future editions are welcome. 
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DEFINITIONS 

Data Sheet 
Product Statua DeflnHIon 

Identification 

0IIfet:/IWI Spedf/c1ItIon Formative or In DeaIgia 
This data sheet contains the deetgn target or goal 
specification. for product development. ~ns may 
change In any manner without notice. 

This data sheet contains prellmlnll/Y data and supplemenIIIIY 

I'nIIImInIIry SpocIfIt:rion Preproduction Product 
dsta will be published at a later date. Signetics I'888MIS the 
right to make changes at any time without notice in order to 
Improve _gn and supply the best poosIbte ~ 

This data _t contains Final SpecificatIon.. Slgnetic. 

Product Spedf/c1ItIon Full Production 
reserves Ule right to make changes at any time without 
noIIcs In order to Improve daaign and supply the best 
possible product. 
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Linear Products 

ADC0801/2/3/4/5 
ADC0820 
AM8012 
CAS089 
DAC-08 Series 
DACBOO 
HEF4750V 
HEF4751V 
ICM7555 
LF198 
LF298 
LF398 
LM111 
LM119 
LM124 
LM139/A 
LM158 
LM193/A 
LM211 
LM219 
LM224 
LM239/A 
LM258 
LM293/A 
LM311 
LM319 
LM324 
LM339/A 
LM358 
LM393/A 
LM1870 
LM2901 
LM2903 
MC1408-7 
MC1408-8 
MC1458 
MC1488 
MC1489/A 
MC1496 
MC1508-8 
MC1558 
MC3302 
MC3303 
MC3361 
MC3403 
MC341 0 
MC3410C 
MC3503 
MC3510 
NE/SE521 
NE/SE522 
NE/SE527 
NE/SE529 
NE/SE530 
NE/SE531 

February 1987 

Alphanumeric 
Product List 

8-Bit CMOS AID Converter 
8-Bit CMOS A/D Converter 
12-Bit Multiplying D/A Converter 
FM IF System 
8-Bit High-Speed Multiplying 0/ A Converter 
12-Bit 0/ A Converter 
Frequency Synthesizer 
Universal Divider 
CMOS Timer 
Semple-and-Hold Amplifier 
Sample-and-Hold Amplifier 
Semple-and-Hold Amplifier 
Voltage Comparator 
Dual Voltage Comparator 
Low Power Quad Operational Amplifier 
Quad Voltage Comparator 
Low Power Dual Operational Amplifier 
Low Power Dual Voltage Comparator 
Voltage Comparator 
Dual Voltage Comparator 
Low Power Quad Operational Amplifier 
Quad Voltage Comparator 
Low Power Dual Operational Amplifier 
Low Power Dual Voltage Comparator 
Voltage Comparator 
Dual Voltage Comparator 
Low Power Quad Operational Amplifier 
Quad Voltage Comparator 
Low Power Dual Operational Amplifier 
Low Power Dual Voltage Comparator 
Stareo Demodulator With Blend 
Quad Voltage Comparator 
Low Power Dual Voltage Comparator 
8-Bit Multiplying 0/ A Converter 
8-Blt Multiplying 0/ A Converter 
General Purpose Dparational Amplifier 
Quad Line Driver 
Quad Line Receivers 
Balanced Modulator/Demodulator 
8-Bit Multiplying 0/ A Converter 
General Purpose Operational Amplifier 
Quad Voltage Comparator 
Quad Low Power Operational Amplifier 
Low Power FM IF 
Quad Low Power Operational Amplifier 
10-Bit High-Speed Multiplying 0/ A Converter 
10-Bit High-Speed Multiplying D/A Converter 
Quad Low Power Operational Amplifier 
10-Blt High-Speed Multiplying D/A Converter 
High-Speed Dual Differential Comparator/Sense Amp 
High-Speed Dual Differential Comparator/Sense Amp 
Voltage Comparator 
Voltage Comparator 
High Slew Rate Operational Amplifier 
High Slew Rate Operational Amplifier 

1-8 

Vol 1 Vol 2 Vol 3 

5-11 
5-18 

5-100 
4-110 

5-111 
5-124 

4~174 

4-184 
7-3 

5-317 
5-317 
5-317 
5-254 
5-257 
4-29 

5-263 
4-123 
5-271 
5-254 
5-257 
4-29 

5-263 
4-123 
5-271 
5-254 
5-257 

4-29 
5-263 
4-123 
5-271 

7-114 
5-263 
5-271 
5-130 
5-130 

4-34 
5-4 8-4 
5-8 6-8 

4-60 
5-130 

4-34 
5-263 
4-40 

4-116 
4-40 

5-136 
5-136 

4-40 
5-136 
5-285 
5-290 
5-296 
5-301 

4-53 
4-60 



Signetics Linear Products 

Alphanumeric Product list I 
Vol 1 Vol 2 Vol 3 

NE/SA532 Low Power Dual Operational Amplifier 4-123 
NE/SE538 High Slew Rate Operational Amplifier 4-68 
NE542 Dual Low-Noise Preamplifier 7-167 
NE544 Servo Amplifier 8-34 
NE/SE555 Timer 7-47 
NE/SAlSE55611 Dual Timer 7-32 
NE/SA/SE558 Quad Timer 7-38 
NE/SE564 Phase-Locked Loop 4-257 
NE/SE565 Phase-Locked Loop 4-291 
NE/SE566 Function Generator 4-304 
NE/SE567 Tone Decoder/Phase-Locked Loop 4-313 
NE568 150MHz Phase-Locked Loop 4-333 11-6 
NE570 Compandor 4-357 
NE/SA571 Compandor 4-357 
NE/SA572 Programmable Analog Compandor 4-364 
NE575 Low Voltage Compandor 4-373 
NE587 LED Decoder/Driver 6-49 
NE589 LED Decoder/Driver 6-59 
NE590 Addressable Peripheral Drivers 6-34 
NE591 Addressable Peripheral Drivers 6-34 
NE/SE592 Video Amplifier 4-46 4-231 11-109 
NE/SA594 Vacuum Fluorescent Display Driver 6-74 
NE602 Low Power VHF Mixer/Oscillator 4-69 
NE604 Low Power FM IF System (Independent IF Amp) 4-119 4-178 
NE605 Low Power FM IF System 4-142 
NE612 Low Power VHF Mixer/Oscillator 4-90 
NE614 Low Power FM IF System (Independent IF Amp) 4-146 4-201 
NE645 Dolby Noise Reduction Circuit 7-230 
NE646 Dolby Noise Reduction Circuit 7-230 
NE648 Low Voltage Dolby Noise Reduction Circuit 7-235 
NE649 Low Voltage Dolby Noise Reduction Circuit 7-235 
NE650 Dolby B-Type Noise Reduction Circuit 7-240 
NE/SE4558 Dual General Purpose Operational Amplifier 4-48 
NE/SE5018 8-Bit Microprocessor-Compatible D/A Converter 5-144 
NE/SE5019 8-Bit Microprocessor-Compatible D/ A Converter 5-150 
NE5020 10-Bit Microprocessor-Compatible D/A Converter 5-156 
NE/SE5030 10-Bit High-Speed Microprocessor-Compatible AID 5-31 
NE5034 8-Bit High-Speed AID Converter 5-36 
NE5036 6-Bit AID Converter (Serial Output) 5-43 
NE5037 6-Bit AID Converter (Parallel Outputs) 5-50 
NE5044 Programmable Seven-Channel RC Encoder 8-4 
NE5045 Seven-Channel RC Decoder 8-16 
NE5050 Power Line Modem 5-26 
NE5060 Sample-and-Hold Circuit 5-322 
NE5080 High-Speed FSK Modem Transmitter 5-44 
NE5081 High-Speed FSK Modem Receiver 5-48 
NE5090 Addressable Relay Driver 6-28 
NE/SA/SE5105/A 12-B~ High-Speed Comparator 5-277 
NE/SE5118 8-Bit Microprocessor-Compatible D/ A Converter 5-164 
NE/SE5119 8-Bit Microprocessor-Compatible D/ A Converter 5-169 
NE5150 RGB Video D/ A Converter 5-181 11-25 
NE5151 RGB Video D/ A Converter 5-181 11-25 
NE5152 RGB Video D/ A Converter 5-181 11-25 
NE5170 Octal Line Driver 5-14 6-14 
NE5180 Octal Line Receiver 5-21 6-21 
NE51S1 Octal Line Receiver 5-21 6-21 
NE5204 Wideband High Frequency Amplifier 4-3 4-155 11-66 
NE/SAlSE5205 Wideband High Frequency Amplifier 4-14 4-166 11-77 
NE/SA5212 Transimpedance Amplifier 5-63 4-267 
NE/SA5230 Low Voltage Operational Amplifier 4-109 
NE5240 Dolby Digital Audio Decoder 7-226 
NE/SE5410 10-Bit High-Speed Multiplying D/A Converter 5-208 
NE/SE5512 Dual High Performance Operational Amplifier 4-75 
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Signetics Uneer Products 

Alphanumeric Product List 

Vol 1 Vol 2 Vol 3 

NE/SE5514 Quad High Performance Operational Amplifier 4-81 
NE5517/A Dual Operational Transconductance Amplifier 4-251 
NE5520 LVDT Signal Conditioner 5-338 
NE/SE5521 LVDT Signal Conditioner 5-358 
NE/SE55321 A Intemally-Compensated Dual Low-Noise Operational Amp 4-87 
NE5533/A Single and Dual Low-Noise Operational Amp 4-93 
NE5534A Single and Dual Low-Noise Operational Amp 4-93 
N!:/SE5535 Dual High SleW Rate Op Amp 4-129 
NE/SE5537 Semple-and-Hold Amplifier 5-327 
NE/SE5539 Ultra High Frequency Operational Amplifier 4-26 4-211 11-89 
NE/SE5560 Switched-Mode Power Supply Control Circuit 8-87 
NE/SE5561 Switched-Mode Power Supply Control Circuit 8-86 
NE/SA/SE5562 SMPS Controi Circuit. Single Output 8-97 
NE5568 Switched-Mode Power Supply Controller 8-129 
NE/SA/SE5570 Three-Phase Brushless DC Motor Driver 8-45 
NE5592 Video Amplifier 4-40 4-225 11-103 
NE5900 Call Progress Decoder 6-3 
OM8210 Speech Encoding and Editing System 8-3 
PCD3310 Pulse and DTMF Dialer With Redial 8-10 
PCD3311 DTMF/Modem/Musical Tone Generator 6-24 
PCD3312 DTMF/Modem/Musical Tone Generator 8-24 
PCD3315 CMOS Redial and Repertory Dialer 6-37 
PCD3360 Programmable Multi-Tone Telephone Ringer 8-45 
PCF1303 18-Element LCD Bar Graph LCD Driver 6-79 
PCF2100 LCD Duplex Driver 6-83 
PCF2111 LCD Duplex Driver 6-90 
PCF2112 LCD Driver 8-95 
PCF8200 Single-Chip CMOS Male/Female Speech Synthesizer 8-8 
PCF8588 Universal LCD Driver for Low Multiplex Rates 6-100 
PCF8570 256 X 8 Static RAM 4-3 
PCF8571 1 K Serial RAM 4-12 
PCF8573 . Clock/Calendar With Serial 1/0 7-12 4-21 
PCF8574 8-Bit Remote 1/0 Expender 7-24 4-33 
PCF8576 Universal LCD Driver for Low Multiplex Rates 6-120 
PCF8577 32/64 Segment LCD Driver for Automo~ve 6-141 
PCF8582 12C CMOS EPROM (256 X 8) 4-41 
PCF8591 8-Bit AID and D/A Converter 5-59 

J 
PNA7509 7-Bit AID Converter 5-71 11-14 
PNA7518 8-Bit Multiplying DAC 5-217 11-52 
SA532 Low Power Dual Operational Amplifier 4-123 
SA534 Low Power Quad Operational Amplifier 4-29 
SA556/1 Dual Timer 7-32 
SA558 Quad Timer 7-38 
SA571 Compendor 4-357 
SA572 Programmable Analog Compandor 4-3.64 
SA594 Vacuum Fluorescent Display Driver 6-74 
SA723C Precision Voltage Regulator 8-211 
SA741C General Purpose Operational Amplifier 4-142 
SA747C Dual Operational Amplifier 4-148 
SA1458 General Purpose Operational Amplifier 4-34 
SA5205 Wide-band High Frequency Amplifier 4-14 4-166 11-77 
SA5212 Transimpedance Amplifier 5-63 4-267 
SA5230 Low Voltage Operational Amplifier 4-109 
SA5534A Single and Dual Low-Noise Operational Amp 4-93 
SA5562 SMPS Control Circuit. Single Output 8-97 
SA5570 Three-Phase Brushless DC Motor Driver 8-45 
SAAl027 Stepper Motor Driver 8-49 
SAAl057 PLL Radio Tuning Circuit 4-193 
SAAl060 LED Display Interface 6-152 
SAA1061 Output Port Expander 6-155 
SAA1099 Stereo Sound Generator for Sound Effects and Music 8-16 
SAA3004.T IR Transmitter (448 Commands) 5-13 
SAA3006 IR Transmitter (2K Commands. Low. Voltage) 5-29 
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Signetlcs Unear Products 

Alphanumeric Product List I 
Vol 1 Vol 2 Vol 3 

SAA3027 IR Transmitter 5-38 
SAA3028 IR Remote Control Transcoder With 12C 5-47 
SAA5025D Teletext Timing Chain for 525-Line System 13-14 
SAA5030 Teletext Video Input Processor 13-25 
SAA5040 Teletext Acquisition and Control Circuit 13-32 
SAA5045 Gearing and Address Logic Array (GALA) 13-44 
SAA5050 Teletext Character Generator 13-48 
SAA5055 Teletext Character Generator 13-48 
SAA5230 Teletext Video Processor 13-61 
SAA5350 Single-Chip Color CRT Controller (625-Line System) 13-67 
SAA7210 Compact Disk Decoder 7-329 
SAA7220 Digital Filter and Interpolator for Compact Disk 7-343 
SAA9001 317k-Bit CCD Memory 11-129 
SAB1164 1 GHz Divide-by-64 Prescaler 4-163 4-92 
SAB1165 1 GHz Divide-by-64 Prescaler 4-163 4-92 
SAB1256 1 GHz Divide-by-256 Prescaler 4-168 4-97 
SAB3013 Hex 6-Bit 0/ A Converter 4-45 
SAB3035 FLL Tuning and Control Circuit (Eight 0/ A Converters) 4-50 
SAB3036 FLL Tuning and Control Circuit 4-65 
SAB3037 FLL Tuning and Control Circuit (Four 0/ A Converters) 4-75 
SAF1032P Remote Control Receiver 5-3 
SAF1039P Remote Control Transmitter 5-3 
SE521 High-Speed Dual Differential Comparator/Sense Amp 5-285 
SE522 High-Speed Dual Differential Comparator/Sense Amp 5-290 
SE527 Voltage Comparator 5-296 
SE529 Voltage Comparator 5-301 
SE530 High Slew Rate Operational Amplifier 4-53 
SE531 High Slew Rate Operational Amplifier 4-60 
SE532 Low Power Dual Operational Amplifier 4-123 
SE538 High Slew Rate Operational Amplifier 4-68 
SE555 TImer 7-47 
SE555C Timer 7-47 
SE556-1C Dual Timer 7-32 
SE556/-1 Dual Timer 7-32 
SE558 Quad Timer 7-38 
SE564 Phase-Locked Loop 4-257 
SE565 Phase-Locked Loop 4-291 
SE566 Function Generator 4-304 
SE567 Tone Decoder/Phase-Locked Loop 4-313 
SE592 Video Amplifier 4-46 4-231 11-109 
SE4558 Dual General Purpose Operational Amplifier 4-48 
SE5018 6-Bit Microprocessor-Compatible D/ A Converter 5-144 
SE5019 6-Bit Microprocessor-Compatible D/ A Converter 5-150 
SE5030 10-Bit High-Speed Microprocessor-Compatible AID Converter 5-31 
SE5118 8-Bit Microprocessor-Compatible 0/ A Converter 5-164 
SE5119 6-Bit Microprocessor-Compatible D/ A Converter 5-169 
SE5205 Wide-band High Frequency Amplifier 4-14 4-166 11-77 
SE5212 Transimpedance Amplifier 5-63 4-267 
SE541 0 10-Bit High-Speed Multiplying D/ A Converter 5-208 
SE5512 Dual High Performance Operational Amplifier 4-75 
SE5514 Quad High Performance Operational Amplifier 4-61 
SE5521 LVDT Signal Conditioner 5-356 
SE5532/A Internally-Compensated Dual Low-Noise Operational Amp 4-67 
SE5534A Single and Dual Low-Noise Operational Amp 4-93 
SE5535 Dual High Slew Rate Op Amp 4-129 
SE5537 Sample-and-Hold Amplifier 5-327 
SE5539 Ultra High-Frequency Operational Amplifier 4-26 4-211 11-89 
SE5560 Switched-Mode Power Supply Control Circuit 6-67 
SE5561 Switched-Mode Power Supply Control Circuit 8-86 
SE5562 SMPS Control Circuit, Single Output 8-97 
SE5570 Three-Phase Brushless DC Motor Driver 8-45 
SG1524C Improved SMPS Push-Pull Controller 8-131 
SG2524C Improved SMPS Push-Pull Controller 8-131 
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Alphanumeric Product List 

Vol 1 Vol 2 Vol 3 

SG3524 SMPS Control Circuit 8·184 
SG3524C Improved SMPS Push·Pull Controller 8·131 
SG3526A Switched· Mode Power Supply Control Circuits 8-192 
TBA120 IF Amplifier and Demodulator 8-3 
TCA520 Operational Amplifier (Low Voltage) 4·138 
TDA1001B Interference Suppressor 7-43 
TDA1005A Frequency Multiplex PLL Stereo Decoder 7·119 
TDA10l0A 6W Audio Amplifier With Preamplifier 7·246 
TDA1011A 2 to 6W Audio Power Amplifier With Preamplifier 7·251 
TDA1013A 4W Audio Amplifier With DC Volume Control 7·255 
TDA1015 1 to 4W Audio Amplifier With Preamplifier 7·267 
TDA1020 12W Audio Amplifier With Preamplifier 7·272 
TDA1023 . Time·Proportional Triac Trigger 8·243 
TDA1029 Stereo Audio Switch 7·180 
TDA1072A . AM Receiver Circuit 7·3 
TDA1074A DC·Controlied Dual Potentiometers 7·189 
TDA1510 2 X 12W Audio Amplifier 7·276 
TDA1512 12 to 20W Audio Amplifier 7·288 
TDA1514 40W High·Performance Hi·Fi Amplifier 7·293 
TDA1515A 24W BTL Audio Amplifier 7·296 
TDA1520A 20W Hi·Fi Audio Amplifier 7-307 
TDA1521 2 X 12W Hi·Fi Audio Power Amplifier 7·317 
TDA1522 Stereo Cassette Preamplifier 7·174 
TDA1524A Stereo·TonelVolume Control Circuit 7·196 
TDA1534 14·Bit AID Converter, Serial Output 5·78 
TDA1535 High Performance Sample and Hold Amplifier With Resolution to 

16 Bits 5·335 
TDA1540 14·Bit DAC - Serial Output 7-355 5-221 
TOA1541 16·Bit Dual D/A Converter, Serial Output 7-380 5·233 
TDA1574 FM Front End IC (VHF Mixer and Oscillator) 4-96 
TDA1576 FM IF System 4-156 
TDA1578A PLL Stereo Decoder 7·129 
TDA1721 8·Bit Multiplying 01 A Converter 5-239 
TDA2540 Video IF Amplifier and Demodulator, AFT, NPN Tuners 7·3 
TDA2541 Video IF Amplifier and Demodulator, AFT, PNP Tuners 7·8 
TDA2545A Quasi·Split Sound IF System 8-8 
TDA2546A Quasi·Split Sound IF and Sound Demodulator 8-11 
TDA2549 Multistandard Video IF Amplifier and Demodulator 7·14 
TDA2555 Dual TV Sound Demodulator 8·15 
TDA2577A Sync Circuit With Vertical Oscillator and Driver 9·3 
TDA2578A Sync Circuit With Vertical Oscillator and Driver 9-14 
tDA2579 Synchronization Circuit 9-31 
TDA2582 Control Circuit for Power Supplies 1.4-3 
TDA2593 Horizontal Combination 9-41 
TDA2594 Horizontal Combination 9-46 
TDA2595 Horizontal Combination 9-51 
TDA2611A 5W Audio Output Amplifier 7·332 
TDA2653A Vertical Deflection Circuit With Oscillator 12-3 
TDA3047,T IR Preamplifier 5-52 
TDA3048,T IR Preamplifier 5·56 
TDA3505 Chroma Control Circuit 10-11 
TDA3563 NTSC Decoder With RGB Inputs 10·18 
TDA3564 NTSC Decoder 10-38 
TDA3566 PAUNTSC Decoder With RGB Inputs 10-47 
TDA3567 NTSC Color Decoder 10-80 
TDA3651A Vertical Deflection 12·9 
TDA3652 Vertical Deflection 12·16 
TDA3653 Vertical Deflection 12·9 
TDA3654 Vertical Deflection 12·20 
TDA3810 Spatial, Stereo, Pseudo-Stereo Processor 7·204 
TDA4501 Small Signal Subsystem IC for Color TV 6-3 
TDA4502 Complete Video IF IC With Vertical and Horizontal Sync 6·13 
TDA4503 Small Signal Subsystem for Monochrome TV 8-15 
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Alphanumeric Product List I 
Vol 1 Vol 2 Vol 3 

TDA4505 Small Signal Subsystem IC for Color TV 6-24 
TDA4555 Multistandard Color Decoder 10-67 
TDA4565 Color Transient Improvement Circuit (CTI) 10-82 
TDA4570 NTSC Color Difference Decoder 10-86 
TDA4580 Video Control Combination Circuit With Automatic Cut-Off Control 10-91 
TDA5030A VHF Mixer-Oscillator (VHF Tuner IC) 4-102 4-102 
TDA5040 Brushless DC Motor Driver 8-57 
TDA5230 VHF/UHF Mixer-Oscillator 4-106 4-106 
TDA5702 8-Bit Digital-to-Analog Converter 5-243 11-56 
TDA5703 8-Bit Analog-to-Digital Converter 5-84 11-21 
TDA5708 Photo Diode Signal Processor 7-366 
TDA5709 Radial Error Signal Processor 7-368 
TDA6800 Video Modulator Circuit 11-3 
TDA7000 Single-Chip FM Radio Circuit 7-49 
TDA7010T Single-Chip FM Radio Circuit (SO Package) 7-85 
TDA7021T Single Chip FM Radio Circuit 7-90 
TDA7040T PLL Stereo Decoder (Low Voltage) 7-138 
TDA7050 Low Voltage Mono/Stereo Power Amplifier 7-326 
TDA8400 FLL Tuning Circuit With Prescaler 4-220 4-86 
TDA8432 Deflection Processor With 12C Bus 9-62 
TDA8440 Video/ Audio Switch 7-210 11-60 
TDA8442 Quad DAC With 12C Interface 10-101 
TDA8443/A RGB/YUV Switch Inputs 10-107 
TDA8444 Octuple 6-Bit D/A Converter With 12C Bus 5-247 
TDD1742 CMOS Frequency Synthesizer 4-226 
TEA1017 13-Bit Serial-to-Parallel Converter 6-158 
TEA1039 Control Circuit for Switched-Mode Power Supply 8-203 14-12 
TEA1046A Transmission Interface With DTMF 6-53 
TEA1060 Telephone Transmission Circuit With Dialer Interface 6-65 
TEA1061 Telephone Transmission Circuit With Dialer Interface 6-65 
TEA1067 Low Voltage Transmission IC With Dialer Interface 6-76 
TEA1068 Low Voltage Transmission IC With Dialer Interface 6-114 
TEA1075 DTMF Generator for Telephone Dialing 6-125 
TEA1080 Supply IC for Telephone Peripherals 6-135 
TEA2000 Digital RGB to NTSC/PAL Encoder 10-116 
TEA5550 AM Radio Circuit 7-26 
TEA5560 FM IF System 7-96 
TEA5570 AM/FM Radio Receiver Circuit 7-34 
TEA5580 PLL Stereo Decoder 7-144 
TEA5581 PLL Stereo Decoder 7-147 
TEA6000 FM IF System and Computer Interface (MUSTI) Circuit 7-104 
TEA6300 12C Active Tone Controller With Source Inputs 7-216 
UC1842 Current Mode PWM Controller 8-216 
UC2842 Current Mode PWM Controller 8-216 
UC3842C Current Mode PWM Controller 8-216 
ULN2003 High Voltage/Current Darlington Transistor Array 6-42 
ULN2004 High Voltage/Current Darlington Transistor Array 6-42 
pA723 Precision Voltage Regulator 8-211 
jJ.A723C Precision Voltage Regulator 8-211 
jJ.A733 Differential Video Amplifier 4-245 11-123 
jJ.A733/C Differential Video Amplifier 4-245 11-123 
jJ.A741 General Purpose Operational Amplifier 4-142 
jJ.A741C General Purpose Operational Amplifier 4-142 
jJ.A747 Dual Operational Amplifier 4-148 
jJ.A747C Dual Operational Amplifier 4-148 
pA758 FM Stereo Multiplex Decoder Phase-Locked Loop 7-154 
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Signetics Application Notes 
by Product Group 

Linear Products 

Signal Pro_lng 

AN140 
AN141 
AN198 
AN1981 
AN1982 
AN199 
AN1991 

Compensation Techniques for Use With the SEINE5539 
Using the NE592/5592 Video Amplifier 
Designing With SAlNE602 
New Low Power Single Sideband Circuits (NE602) 
Applying the Oscillator of the NE602 in Low Power Mixer Applications 
Designing With the NE/SA604 
Audio Decibel Level Detector With Meter Driver 

Frequency Synthesis 

AN196 Single-Chip Synthesizer For Radio Tuning 
AN197 Analysis and Basic Application of the SAA1057 (VBA8101) 

Phase-Locked Loops 

AN177 An Overview of Phase-Locked Loops (PLL) 
AN178 Modeling the PLL 
AN179 Circuit Description of the NE564 
AN180 The NE564: Frequency Synthesis 
AN1081 10.8MHz FSK Decoder With the NE564 
AN181 A 6MHz FSK Converter Design Example for the NE564 
AN182 Clock Regenerator With Crystal Controlled Phase-Locked veo 
AN183 Circuit Description of the NE565 
AN184 Typical Appliqations With NE565 
AN185 Circuit Description of the NE566 
AN186 Waveform Generators With the NE566 
AN187 Circuit Description of the NE567 Tone Decoder 
AN186 Selected Circuits Using the NE567. 

Compandors 

AN174 
AN175 
AN176 

Appliqations for Compandors: NE570/571/SA571 
Automatic Level Control: NE572 
Compandor Cookbook 

Une Drivers/Receivers 

AN113 
AN195 
AN1950 
AN1951 

Telephony 

AN1942 
AN1943 

Radio Circuits 

AN1961 
AN198 
AN1981 
AN1982 
AN1.91 
AN192 
AN193 
AN199 
AN1991 

February 1987 

Applications Using the MC1488/1489 Line Drivers and Receivers 
Appliqations Using the NE5080/5081 
Exploring the Possibilities in Data Communications 
NE5050: Power Lirie Modem Application Board Cookbook 

TEA1067: Application of the Low Voltage Versatile Transmission Circuit 
TEA1067: Supply of Peripheral Circuits With the TEA1067 Speech Circuit 

TDA1072A: Integrated AM Receiver 
Designing With the SAlNE602 
New Low Power Single Sideband Circuits (NE602) 
Applying the Oscillator of the NE602 in Low Power Mixer Appllqations 
Stereo Decoder Applications Using the 1JA758 
A Complete FM Radio on a Chip 
TDA7000 for Narrow-Band FM-Reception 
Designing With the SAlNE604 
Audio Decibel Level Detector With Meter Driver (NE604) 

1·14 

Vol 1 

4-34 
4-55 
4-75 
4-79 
4-87 

4-130 
4-140 

4-201 
4-208 

4-236 
4-241 
4-266 
4-273 
4-277 
4-280 
4-282 
4-297 
4-301 
4-309 
4-310 
4-325 
4-330 

4-341 
4-372 
4-350 

5-11 
5-52 
5-60 
5-30 

6-88 
6-108 

7-15 
4-75 
4-79 
4-87 

7-159 
7-54 
7-89 

7-130 
7-140 

Vol 2 

4-219 
4-240 

4-189 
4-199 

6-11 

Vol 3 

11-97 
11-118 
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Application Notes by Product Group 

Audio Circuits 

AN148 
AN1481 
AN149 
AN1491 
AN190 

Audio Amplifier With TDA1013 
Car Radio Audio Power Amplifiers up to 20W With the TDA1515 
20W Hi-Fi Power Amplifier With the TDA 1520A 
Car Radio Audio Power Amplifiers up to 24W With the TDA1510 
Applications of Low NOise Stereo Amplifiers: NE542 

Operational Amplifiers 

AN142 Audio Circuits Using the NE5532/33/34 
AN144 Applications for the NE5512 and NE5514 
AN1441 Applications for the NE5514 
AN1511 Low Voltage Gated Generator: NE5230 
ANI60 Applications for the MC3403 
ANI64 Explanation of NOise 
AN165 Integrated Operational Amplifier Theory 
ANI66 Basic Feedback Theory 

High Frequency Amps 

AN199 Designing With the NE/SA604 
AN1991 Audio Decibel Level Detector With Meter Driver 

Video Amps 

AN140 
AN141 

Compensation Techniques for Use With the SE/NE5539 
Using the NE592/5592 Video Amplifier 

Transconductance 

AN145 NE5517: General Description and Applications for Use With the NE5517/A 
Transconductance Amplifier 

Data Conversion 

AN100 
AN101 
AN105 
ANI 06 
AN108 
AN1081 
AN109 
ANll0 

An Overview of Data Converters 
Basic DACs 
Digital Attenuator 
Using the DAC08 Without a Negative Supply 
An Amplifiying, Level Shifting Interface for the PNA7507 Video D/A Converter 
NE5150/51152: Family of Video 01 A Converters 
Microprocessor-Compatible DACs 
Monolithic 14-Bit DAC With 85dB SIN Ratio 

Comparators 

AN116 Applications for the NE521/522/527/529 

Position Measurement 

AN118 
AN1181 
AN1182 

LVDT Signal Conditioner: Applications Using the NE5520 
NE5521 in a Modulated Light Source Design Application 
NE5521 in Multi-faceted Applications 

Line Drlvers/Recelvers 

AN113 Applications Using the MC148811489 Line Drivers and Receivers 

Display Drivers 

AN112 LED Decoder Drivers: Using the NE587 and NE589 

Serlal·to-Parallel COnverters 

AN103 13-Blt Serial-to-Parallel Converter 

Timers 

AN170 NE555 and NE556 Applications 
AN171 NES58 Applications 
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5-123 
5-77 11-20 
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Application Notes by Product Group 

Motor Control and Sensor ClrcuHs 

AN127 
AN131 
AN1311 
AN132 
AN133 
AN1341 

Using the SAAl027 With Airpax Four-Phase Stepper Motors 
Applications Using the NE5044 Encoder 
Low Cost AID Conversion Using the NE5044 
Applications Using the NE5045 Decoder 
Applications Using the NE544 Servo Amplifier 
Control System for Home Computer Robotics 

Swltched·Mode Power Supply 

AN120 An Overview of SMPS 
AN121 Forward Converter Application Using the NE5560 
AN122 NE5560 Push·Pull Regulator Application 
AN123 NE5561 Applications 
AN124 External Synchronization for the NE5561 
AN125 Progress in SMPS Magnetic Component Optimization 
AN126 Applications Using the 003524 
AN1261 High Frequency FerrRe Power Transformer and Choke 
AN 128 Introduction to the Series-Resonant Power Supply 
AN1291 TDA1023: Design of Time-Proportional Temperature Controls 

Tuning Circuits 

AN157 Microcomputer Peripheral IC Tunes and Controls a TV Set: SAB3035 

Remote Control Systsm 

AN172 
AN173 
AN1731 

Circuit Description of the Infrared Receiver TDA3047/TDA3048 
Low Power Preamplifiers for IR Remote Control Systems 
SAA3004: Low Power Remote Control IR Transmitter and Receiver 
Preamplifiers 

Synch Processing and Ganerator 

AN158 Features of the TDA2595 Synchronization Processor 
AN162 A Versatile High·Resolution Monochrome Data and Graphics 
AN 1621 Directives for a Print Layout Design on Behalf of the 

IC Combination TDA2578A and TDA3651 
Color Decoding .and Encoding 

AN 155/ A Multi-Standard Color Decoder With Picture Improvement 
AN1551 Single-Chip Multi-Standard Color Decoder TDA4555/4558 
AN156 Application of the NTSC Decoder: TDA3563 
AN1561 Application of the TEA2000 Color Encoder 

Vldsotex/Teletext 

A Single-Chip CRT Controller 
The 5 Chip Set Teletext Decoder 

AN152 
AN153 
AN154 Teletext Decoders: Keaping up With the Latest Technology Advances 
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DAC08 ANI 06: 
MCI488 AN113: 
MC1489/A AN113: 
MCI496/1596 AN189: 

MC3403 AN160: 
NE5044 AN131: 

AN1311: 
AN1341: 

NE5045 AN132: 
NE5050 AN1951: 

NE5080/5081 AN195: 
AN1950: 

NE5150/51/52 AN1081: 
NE521 AN116: 
NE522 AN116: 
NE5230 AN1511: 
NE527 AN116: 
NE529 AN116: 
NE531 AN1511: 
NE542 AN190: 
NE544 AN133: 
NE5512/5514 ANI44: 

ANI441: 
NE5517 AN145: 

NE5520 AN118: 

NE5521 AN1181: 

AN1182: 
NE5532/33/34 AN142: 
NE5539 ANI40: 

NE555 AN170: 
NE556 AN170: 
NE/SE5560 AN121: 

AN122: 
AN125: 

NE/SE5561 AN123: 
AN124: 
AN125: 

NE/SE5562 AN125: 

NE/SE5588 AN125: 

NE558 AN171: 
NE564 AN 179: 

AN180: 
ANI801: 
AN181: 

February 1987 

Application Notes 
by Part Numbers 

Using the DAC08 Without e Negative Supply 
Using the MC1488/89 Une Drivers and Receivers 
Using the MCI488/89 Une Drivers and Receivers 
Balanced Modulator/Demodulator Applications Using 
the MC1496/1596 
Applications for the MC3403 
Applications Using the NE5044 Encoder 
Low Cost AID Conversion Using the NE5044 
Control System for Home Computer and Robotics 
Applications Using the NE5045 Decoder 
NE5050: Power Line Modem Application Board 
Cookbook 
Applications Using the NE5080, NE5081 
Exploring the Possibilities in Data Communications 
NE5150/51/52 Family of Video D/A Converters 
Applications for the NE521 /522/527/529 
Applications for the NE521 1522/527 /529 
Low Vo~age Gated Generator: NE5230 
Applications for the NE521 1522/527 /529 
Applications for the NE521 1522/527 /529 
Low Voltage Gated Generator: NE5230 
Applications of Low Noise Stereo Amplifiers: NE542 
Applications Using the NE544 Servo Amplifier 
Applications for the NE5512 
Applications for the NE5514 
NE5517: General Description and Applications for 
Use With the NE5517/A Transconductance AmplHier 
LVDT Signal Conditioner: Applications Using the 
NE5520 
NE5521 in a Modulated Light Source DeSign 
Application 
NE5521 in Multi·faceted Applications 
Audio Circuits Using the NE5532/33/34 
Compensation Techniques for Use With the 
SEINE5539 
NE555 and NE556 Applications 
NE555 and NE556 Applications 
Forward Converter Application Using the NE5560 
NE5560 Push·Pull Regulator Application 
Progress In SMPS Magnetic Component 
Optimization 
NE5561 Applications 
External Synchronization for the NE5581 
Progress in SMPS Magnetic Component 
Optimization 
Progress in SMPS Magnetic Component 
Optimization 
Progress in SMPS Magnetic Component 
Optimization 
NE558 Applications 
Circuit Description of the NE564 
The NE564: Frequency Synthesis 
10.8MHz FSK Decoder With the NE564 
A 6MHz FSK Converter Design Example for the 
NE564 
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5·11 6·11 
5·11 8·11 

4·64 
4·45 
8·12 
8·14 
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5·30 
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5-306 
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4-121 
5-306 
5·306 
4·121 

7·171 
8·40 
4-78 
4-84 

4·264 

5-343 

5·363 
5-367 
4·101 

4-34 4-219 11·97 
7·53 
7·53 
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8-83 

8·225 
8·91 
8·96 

8·225 

8·225 

8·225 
7·42 

4·266 
4-273 
4-277 
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NE564 AN182: Clock Regenerator With Crystal Controlled 
Phase·Locked VCO 4·282 

NE565 AN183: Circuit Description of the NE565 4-297 
AN184: FSK Demodulator With NE565 4·301 

NE566 AN185: Circuit Description of the NE566 4-309 
AN186: Waveform Generators With the NE566 4·310 

NE567 AN187: Circuit Description of the NE567 Tone Decoder 4-325 
AN166: Selected Circuits Using the NE567 4·330 

NE570/571/SA571 AN 174: Applications for Compandors: NE570/571/SA571 4-341 
NE572 AN175: Automatic Level Control:' NE572 4-372 
NE587/589 ANl12: LED Decoder Drivers: Using the NE587 and NE589 6-68 
NE592/5592 AN141: USing the NE592/5592 Video Amplifier 4·55 4·240 11·118 
NE/SA602 AN198: Designing With the NE/SA602 4·75 

AN1961: New Low Power Single Sideband Circuits (NE602) 4·79 
AN1982: Applying the Oscillator of the NE602 in Low Power 

Mixer Applications 4·87 
NE/SA604 AN199: Designing With the NE/SA604 4·130 4·189 

AN1991: Audio Decibel Level Detector With Meter Driver 
(NE602) 4·140 4·199 

PCF8570 AN167: PCF8570: Twisted·Pair Bus Carries Speech, Data, 
Text and Images 

PNA7509 .AN108: An Amplitying, Level Shifting Interface for the 
PNA7509 Video D/A Converter 5·77 11·20 

SAA1027 AN127: Using the SAAl027 With Airpax Four·Phase Stepper 
Motors 8·52 

SAA1057 AN196: Single·Chip Synthesizer for Radio Tuning 4-201 
AN197: Analysis and Basic Application of the SAA 1057 4·208 

SAA3004 AN1731: SAA3004: Low Power Remote Control IR 
Transmitter and I~eceiver Preamplifiers 5·20 

SAA5025D AN153: The 5 Chip Set Teletext Decoder 13·3 
SAA5030 AN153: The 5 Chip Set Teletext Decoder 13·3 
SAA5040 AN153: The 5 Chip Set Teletext Decoder 13·3 
SAA5045 AN153: The 5 Chip Set Teletext Decoder 13·3 
SAA5050 AN153: The 5 Chip Set Teletext Decoder 13·3 
SAA5230 AN154: Teletext .Decoders: Keeping Up With the Latest 

Technology Advances 13·8 
SAA5240 ANl54: Teletext Decoders: Keeping Up With the Latest 

Technology Advances 13-8 
SAA5350 AN152: SAA5350: A Single·Chip CRT Controller 13·89 
SAB3035 AN157: Microcomputer Peripheral IC Tunes and Controls a 

TV Set '4-61 
SG1524C AN1261: High Frequency Ferrite Power Transformer and 

Choke 8·138 
SG3524C AN1261: High Frequency Fernie Power Transformer and 

Choke 8·138 
AN125: Progress in SMPS Magnetic Component 

Optimization 8·225 
AN126: Applications Using the SG3524 8·190 

TDA1013A AN148: Audio Amplifier With TDA 1 013A 7·258 
TDA1023 AN1291: Design of Time·Proportional Temperature Controls 8·251 
TDA1072A AN1961: TDA1072A: Integrated AM Receiver 7·15 
TDA1510 AN1491: Car Radio Audio Power Amplifiers Up to 24W With 

the TDA1510 7·280 
TDA1515 ANl481: Car Radio Aud.io Power Amplifiers Up to 20W With 

the TDA1515 7·300 
TDA1520A AN149: 20W Hi·Fi Power Amplifier With the TDA 1520A 7·312 
TDAl540 AN 11 0: Monolithic 14·Bit DAC With 85dB SIN Ratio 5·226 
TDA2578 AN1621: Direc1ives for a Print Layout Design on Behalf of 

the IC Combination TDA2578A and TDA3651 9·30 
TDA2595 AN158: Features of the TDA2595 Synchronization Processor 9·57 
TDA2595 AN162: A Versatile High·Resolution Monochrome Data and 

Graphics Display Unit 9·25 
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TDA2653 AN162 A Versatile High-Resolution Monochrome Data and 
9-25 
5-60 

Graphics Display Unit 
TDA3047 AN172: Circuit Description of the I nfrarer! Receiver 

AN173: Low Power Preamplifiers for IR °lcm~te Control 
Systems 5-62 

TDA3048 AN172: Circuit Description of the I nfrared Receiver 5-60 
AN173: Low Power Preamplifiers for IR Remote Control 

Systems 5-62 
TDA3505 ANI55/A: Multi-Standard Color Decoder With Picture 

Improvement 10-30 
TDA3563 AN156: Application of the NTSC Decoder: TDA3563 10-25 
TDA3651 AN1621: Directives for a Print Layout Design on Behalf of 

the IC Combination TDA2578A and TDA3651 9-30 
TDA4555 ANI55/A: Multi-Standard Color Decoder With Picture 

Improvement 10-3 
AN1551: Single-Chip Multi-Standard Color Decori('" TDA45551 

4556 10-73 
TDA7000 AN192: A Complete FM Radio on a Chip 7-54 

AN193: TDA7000 for Narrowband FM Reception 7-69 
TEAl 017 ANI 03: 13-Bit Serial-to-Parallel Converter 
TEA1067 AN1942: TEAl 067: Application of the Low Voltage Versatile 

Transmission Circuit 6-88 
AN1943: TEAl 067: Supply of Peripheral Circuits With the 

TEA 1067 Speech Circuit 6-108 
TEA2000 AN1561: Application of the TEA2000 Color Encoder 10-121 
,..A758 AN191: Stereo Decoder Applications Using the ,..A758 7-159 
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Competitor Signetics 
CompeUtor Part Number Part Number 

AMD AM6012DC AM6012F 
DAC-08AQ DAC-08AF 
DAC-08CN DAC-OBCN 
DAC-08CQ DAC-08CF 
DAC-08EN DAC-08EN 
DAC-OBEQ DAC-08EF 
DAC-08HN DAC-08HN 
DAC-08HQ DAC-08HF 
DAC-08Q DAC-08F 
LF198H LF198H 
LF198H SE5537H 
LF398H LF398H 
LF398H NE5537H 
LF398L LF398D 
LF398L NE5537D 
LF398N LF398N 
LF398N NE5537N 

Datel AM-453-2 NE5534/AF 
AM-453-2C NE5534/AF 
AM-453-2M SE5534/AF 
DAC-UP10BC NE5020N 
DAC-UP8BC NE5018N 
DAC-UP8BM SE5019F 
DAC-UP8BQ SE5018F 

Exar XR-5532/A N NE5532/AF 
XR-5532/A P NE5532/AN 
XR-L567CN NE567F 
XR-L567CP NE567N 
XR-55341 A CN NE55341 AF 
XR-55341 A CP NE55341 AN 
XR-55341 A M SE55341 AF 
XR-558CN NE558F 
XR-558CP NE558N 
XR-558M SE558F 
XR-1524N SG3524F 
XR-1524P SG3524N 
XR-2524P SG3524N 
XR-3524N SG3524F 
XR-3524P SG3524N 

Fairchild p.A080/DA DAC-08F 
p.A0801CDC MC1408F 
p.A0801CPC MC1408N 
p.A0801EDC DAC-08EF 
p.A0801EPC DAC-08AF 
p.A1458TC MC1458N 
p.A1488DC MC1488F 
p.A1488PC MC1488N 
p.A1489/A PC MC1489/AF 
p.A1489/A PC MC1489/AN 
p.A198HM NE5537H 
p.A198RM NE5537N 

Cross Reference Guide 

Pln-for-Pln Functlonally-Compatlble* 
Cross Reference by Competitor 

Temperature CompeUtor Signetica Temperature 
Range eC) Package CompeUtor Part Number Part Number Range ('C) 

o to +70 Ceramic p.A2901DC LM2901F -40 to +85 
-55 to +125 Ceramic p.A2901PC LM2901N -40 to +85 
o to +70 Plastic p.A311RC LM311F o to +70 
o to +70 Ceramic p.A324DC LM324F o to +70 
o to +70 Plastic p.A324PC LM324N o to +70 
o to +70 Ceramic p.A3302DC MC3302F -40 to +85 
o to +70 Plastic p.A3302PC MC3302N -40 to +85 
o to +70 Ceramic p.A339/ADC LM339/AF o to +70 
-55 to +125 Ceramic p.A339/APC LM339/AN o to +70 
-55 to +125 Metal Cen p.A3403DC MC3403F o to +70 
-55 to +125 Metal Can p.A3403PC MC3403N o to +70 
o to +70 Metal Can p.A398HC SE5537H -55 to + 125 
o to +70 Metal Can p.A398RC SE5537N -55 to +125 
o to +70 SO p.A555TC NE555N o to +70 
o to +70 SO p.A556PC NE556-1N, o to +70 
o to +70 Plastic NE556N 
o to +70 Plastic p.A723DC p.A723CF o to +70 
o to +70 Ceramic p.A723DM p.A723F -55 to +125 
o to +70 Ceramic p.A723HC p.A723CH o to +70 
-55 to +125 Ceramic p.A723PC p.A723CN o to +70 
o to +70 Plastic p.A733DC p.A733F o to +70 
o to +70 Plastic p.A733DM p.A733F -55 to + 125 
-55 to +125 Ceramic p.A733PC p.A733N o to +70 
-55 to 125 Ceramic p.A741NM p.A741N -55 to +125 

o to +70 Ceramic 
o to +70 Plastic 
o to +70 Ceramic 
o to +70 Plastic 
o to +70 Ceramic· 
o to +70 Plastic 
-55 to +125 Ceramic 
o to +70 Ceramic 

p.A741RC p.A741CF o to +70 
p.A741TC p.A741CN o to +70 
p.A747DC p.A747CF o to +70 
p.A747PC p.A747CN o to +70 
p.A9667DC ULN2003F o to +70 
p.A9667PC ULN200SN o to +70 
p.A9688DC ULN2004F o to +70 
p.A9688PC ULN2004N o to +70 

o to +70 Plastic Harris HA-2539 NE5539 o to +70 
-55 to +125 Ceramic HA-2420-2/8B SE5060F -55 to + 125 
o to +70 Ceramic HA-2425N NE5060N o to +70 
o to +70 Plastic HA-2425B NE5060F o to +70 
o to +70 Plastic HA1-5102-2 SE5532/AF -55 to +125 
o to +70 Ceramic HA1-5135-2 SE5534/AF -55 to +125 
o to +70 Plastic HA1-5135-5 NE5534/AF o to +70 

o to +70 Ceramic 
o to +70 Ceramic 
o to +70 Plastic 

HA3-51 02-5 NE5532/AN o to +70 
HA1-5202-5 NE5532/AF o to +70 
HA-5320B NE5060F o to +70 

o to +70 Ceramic Intersil ADC0803LCD ADC0603-1 LCF -40 to + 85 
o to +70 Ceramic ADC0804 ADCOB04-1 CN o to +70 
o to +70 Plastic ADC0905 ADCOB05-1 LCN -40 to + 85 
o to +70 Ceramic 
o to +70 Plastic 
o to +70 Ceramic 
o to +70 Plastic 
o to +70 Metal Can 
o to +70 Plastic 

Motorola DAC-08CD DAC-OBCN o to +70 
DAC-OBCQ DAC-OBCF o to +70 
DAC-OBED DAC-08EN o to +70 
DAC-OBEF DAC-OBEF o to +70 
DAC-OBHQ DAC-OBHF o to +70 
DAC-08Q DAC-OBF -55 to +125 

1·22 

Package 

Ceramic 
Plastic 
Ceramic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Metal Can 
Plastic 
Plastic 
Plastic 

Ceramic 
Ceramic 
Metal Can 
Plastic 
Ceramic 
Ceramic 
Plastic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 

Plastic 
Ceramic 
Plastic 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
Plastic 
Ceramic 
Ceramic 

Ceramic 
Plastic 
Plastic 

Plastic 
Ceramic 
Plastic 
Ceramic 
Ceramic 
Ceramic 
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Cross Reference Guide I 
Competitor SlgnetlCs Temperature Competitor Signetlcs Temperature 

Competitor Part Number Part Number Ranga rC) Package Competitor Part Number Part Number Ranga ('C) Package 

LM2901N LM2901N -40 to +85 Plastic DAC0808LCN MC1408N o to +70 Plastic 
LM311J-B LM311F o to +70 Ceramic DAC0808LD MC1408F o to +70 Ceramic 
LM311N LM311N o to +70 Plastic LF198H SE5537H -55 to +125 Metal Can 
LM324J LM324F o to +70 Ceramic LF398H NE5537H o to +70 Metal Can 
LM324N LM324N o to +70 Plastic LF398N NE5537N o to +70 Plastic 
LM339/A J LM339/AF o to +70 Ceramic LMI3600AN NE5517N o to +70 Plastic 
LM339/A N LM339/AN 010 +70 Plastic LMI3600N NE5517N o to +70 Plastic 
LM358N LM358N o to +70 Plastic LM1458N MC1458N o to +70 Plestic 
LM393A1J LM393/AF o to +70 Ceramic LM161H SE529H -55 to +125 Metal Can 
LM393A1N LM393/AN o to +70 Plastic LM161J SE529F -55 to + 125 Ceramic 
MCI408L MC1408F o to +70 Ceramic LM2524J SG3524F o to +70 Ceramic 
MCI409P MC1408N o to +70 Plastic LM2524N SG3524N o to +70 Plastic 
MCI488L MCI489F o to +70 Ceramic LM2901N LM2901N -40 to +85 Plastic 
MCI488P MC1488N o to +70 Plastic LM2903N LM2903N -40 to +85 Plastic 
MCI489/A L MC1489/AF o to +70 Ceramic LM3099 CA3089N -55 to +125 Plastic 
MCI489/A P MC1489/AN o to +70 Plastic LM319J LM319F o to +70 Ceramic 
MCI498L MCI498F o to +70 Ceramic LM319N LM319N o to +70 Plastic 
MCI498P MC1496N o to +70 Plastic LM324J LM324F o to +70 Ceramic 
MC3302L MC3302F -40 to +85 Ceramic LM324N LM324N o to +70 Plastic 
MC3302P MC3302N -40 to +85 Plastic LM324AD LM324AD o to +70 Plastic 
MC3361D MC3361D o to +70 SO LM324AN LM324AN o to +70 Plastic 
MC3361P MC3361N o to +70 Plastic LM339/AJ LM339/AF o to +70 Ceramic 
MC3403L MC3403F o to +70 Ceramic LM339/AN LM339/AN o to +70 Plastic 
MC3403P MC3403N o to +70 Plastic LM3524J SG3524F o to +70 Ceramic 
MC3410CL MC3410CF o to +70 Ceramic LM3524N SG3524N o to +70 Plastic 
MC3410L MC341 OF o to +70 Ceramic LM358H LM358H o to +70 Metal Can 

NE541 OF o to +70 Ceramic LM358N LM358N o to +70 Plastic 
MC3510L SE541 OF o to +70 Ceramic LM361H NE529H o to +70 Metal Can 
NE592F NE592F·8 o to +70 Ceramic LM361J NE529D o to +70 SO 
NE592F NE592F·14 o to +70 Ceramic LM361N NE529N o to +70 Plastic 
NE592N NE592N o to +70 Plastic LM393/AN LM393/AN o to +70 Plastic 
NE565N NE565N o to +70 Plastic LM555J NE555F o to +70 Ceramic 
SE592F SE592F·8 -55 to +125 Ceramic LM555N NE555N Q to +70 Plastic 
SE592F SE592F·14 -55 to +125 Ceramic LM556J SE556·1F -55 to + 125 Ceramic 
SE592H SE592H -55 to +125 Metal Can LM556N SE556·1N -55 to + 125 Plastic 

National ADC0903F ADC0900·1 LCF -40 to + 85 Ceramic 
ADC0803N ADC0803·1 LCN -40 to + 85 Plastic 
ADC0805 ADC0805·1 LCN -40 to + 85 Plastic 
ADC0920BCN ADC0920BNEN o to +70 Plastic 
ADC0920CCN ADC0920CNEN o to +70 Plastic 
ADC0920BCD ADC0920BSAN -40 to +85 Plastic 
ADC0920CCD ADC0920CSAN -40 to +85 Plastic 
ADC0820BD ADC0920BSJ;:F -55 to +125 Ceramic 
ADC0920CD ADC0920CSEF -55 to + 125 Ceramic 
DAC0900LCJ DAC-08EF o to +70 Ceramic 
DAC0900W DAC-08F -55 to +125 Ceramic 
DAC0900LCN DAC-08EN o to +70 Plastic 
DAC0901LCJ DAC-08CF o to +70 Ceramic 
DAC0901 LCN DAc-oecN o to +70 Plastic 
DAC0902W DAC-09AF -55 to + 125 Ceramic 
DAC0902LCJ DAC-08HF o to +70 Ceramic 
DAC0902LCN DAC-08HN o to +70 Plastic 
DAC0906LCJ MCI4Q9.6F o to +70 Ceramic 
DAC0906LCN MCI408-6N o to +70 Plastic 
DAC0907LCJ MC1408·7F o to +70 Ceramic 
DAC0907LCN MCI4Q9.7N o to +70 Plastic 
DAC0909LCJ MCI409F o to +70 Ceramic 

LM556CJ NE556·1F o to +70 Ceramic 
LM556CN NE556·1N o to +70 Plastic 
LM565CN NE565N o to +70 Plastic 
LM566N SE566N -55 to +125 Plastic 
LM566CN NE566N o to +70 Plastic 
LM567CN NE567N o to +70 Plastic 
LM733CN jlA733CN o to +70 Plastic 
LM741CJ jlA741CF o to +70 Ceramic 
LM741CN jlA741CN o to +70 Plastic 
LM741J jlA741F -55 to +125 Ceramic 
LM741N jlA741N -55 to +125 Plastic 
LM747CJ jlA747CF o to +70 Ceramic 
LM747CN jlA747CN o to +70 Plastic 
LM747J p747F -55 to +125 Ceramic 
LM747N jlA747N -55 to +125 Plastic 
UC3842D UC3842D o to +70 Plastic 
UC3842J UC3842FE o to +70 Ceramic 
UC3842N UC3842N o to +70 Plastic 
UC2842D UC2842D o to +70 Plastic 
UC2842J UC2842FE o to +70 Ceramic 
UC2842N UC2842N o to +70 Plastic 
UC1842J UCI842FE -55 to +125 Ceramic 
UC1842N UC1842N -55 to +125 Plastic 
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Cross Reference Guide 

Competitor Slgnetlcs Temperatura 
Competitor Part Number Part Number Range I'C) Package 

NEC jlPC1571C NE571N o to +70 Plastic 

PMI CMP-05GP NE5105N o to +70 Plastic 
CMP-05CZ SE5105F -55 to + 125 Ceramic 
CMP-05BZ SE5105F -55 to +125 Ceramic 
CMP-05GZ SA5105N -40 to +85 Plastic 
CMP-05FZ SA5105N -40 to +85 Plastic 
DAC1408A-6P MC1408-6N o to +70 Plastic 
DAC1408A-6Q MC1408-SF o to +70 Ceramic 
DAC1408A-7N MC1408-7N o to +70 Plastic 
DAC1408A-7Q MC1408-7F o to +70 Ceramic 
DACl408A-8N MCl408-8N o to +70 Plastic 
DACl406A-SQ MC1408-8F o to +70 Ceramic 
DAC1508A-SQ MCl408-8F -55 to +125 Ceramic 
DAC312FR AM6012F o to +70 Ceramic 
OP27BZ SE5534AFE -55 to +125 Ceramic 
OP27CZ SE5534FE -55 to +125 Ceramic 
PM747Y jiA747N -55 to +125 Plastic 
SMP-10AY SE5060F -55 to +125 Ceramic 
SMP-10EY NE5060N o to +70 Plastic 
SMP-11AY SE5060F -55 to + 125 Ceramic 
SMP-11EY NE5060N o to +70 Plastic 

Raytheon RC4805DE NE5105N o to +70 Plastic 
RC4805EDE NE5105AN o to +70 Plastic 
RM4805DE SE5105F -55 to +125 Ceramic 
RM4805ADE SE5105AF -55 to +125 Ceramic 
RC55321 A DE NE55321 AF o to +70 Ceramic 
RC55321 A NB NE55321 AN o to +70 Plastic 
RC55341 A DE NE55341 AF o to +70 Ceramic 
RC55341 A NB NE55341 AN o to +70 Plastic 
RM55321 A DE SE55321 AF -55 to + 125 Ceramic 
RM55341 A DE SE55341 AF -55 to + 125 Ceramic 

Silicon SG3524J SG3524F o to +70 Ceramic 
General SG352SN SG3526N o to +70 Plastic 

Sprague UDN6118A SA594N -40 to +85 Plastic 
UDN6118R SA594F -40 to +85 Ceramic 
ULN8142M UC3842N o to +70 Plastic 
ULN8160A NE5560N o to +70 Plastic 
ULN8160R NE5560F o to +70 Ceramic 
ULN8161M NE5561N o to +70 Plastic 
ULN8188M NE5568N o to +70 Plastic 
ULN8564A NE584N o to +70 Plastic 
ULN8564R NE564F o to +70 Ceramic 
ULS8564R SE564F -55 to +125 Ceramic 

TI ADC0803N ADC0803-1 LCN -40 to + 85 Plastic 
ADC0804CN AOC0804-1 CN o to +70 Plastic 
ADC0805N ADC0805-1 LCN -40 to +85 Plastic 
LM111J LM111F -55 to +125 Ceramic 
LM311D LM311D o to +70 Plastic 

Competitor· SlgnetlCS Tel!lperatura 
Competitor Part Number Part Number Range I'C) Package 

LM311J LM311F o to +70 Ceramic 
LM311JG LM311FE o to +70 Ceramic 
LM324D LM324N o to +70 Plastic 
LM324J LM324F o to +70 Ceramic 
LM339/AJ LM339/AF o to +70 Ceramic 
LM339/AN LM339/AN o to +70 Plastic 
LM358P LM358N o to +70 Plastic 
LM393/A P LM393/AN o to +70 Plastic 
MC1458P MC1458N o to +70 Plastic 
NE55321 A JG NE55321 AF o to +70 Ceramic 
NE5532/A P NE5532/AN o to +70 Plastic 
NE55341 A JG NE55341 AF o to +70 Ceramic 
NE5534/A P NE5534/AN o to +70 Plastic 
NE555JG NE555N o to +70 Plastic 
NE555P NE555N o to +70 Plastic 
NE556D NE556N o to +70 Plastic 
NE558J NE556-1F o to +70 Ceramic 
NE556N NE556-1N o to +70 Plastic 
NE592 NE592N14 o to +70 Plastic 
NE592A NE592F14 o to +70 Ceramic 
NE592J NE592F o to +70 Ceramic 
NE592N NE592N-14 o to +70 Plastic 
SA556D SA556N -40 to +85 Plastic 
SE55341 A JG SE55341 AF -55 to +125 Ceramic 
SE555JG SE555N -55 to +125 Plastic 
SE556J SE556-1F -55 to + 125 Ceramic 
SE556N SE556-1N -55 to + 125 Plastic 
SE592 SE592N14 -55 to + 125 Plastic 
SE592J SE592F-14 -55 to +125 Ceramic 
SE592N SE592N-14 -55 to +125 Plastic 
SN55107AJ NE521F o to +70 Plastic 
SN55108AJ SE522F -55 to +125 Ceramic 
SN75107AJ NE521F o to +70 Plastic 
SN75107AN NE521N o to +70 Plastic 
SN75108AJ NE522F o to +70 Ceramic 
SN75108AN NE522N o to +70 Plastic 
SN75188J MC1488F o to +70 Ceramic 
SN75188N MC1488N o to +70 Plastic 
SN75189AJ MC1489AF o to +70 Ceramic 
SN75189AN MC1489AN o to +70 Plastic 
SN75189J MC1489F o to +70 Ceramic 
SN75189N MC1489A o to +70 Plastic 
TL592A NE592F14 o to +70 Ceramic 
TL592P NE592NB o to +70 Plastic 
jiA723CJ jiA723CF o to +70 Ceramic 
jiA723CN jiA723CN o to +70 Plastic 
jiA723MJ jiA723F -55 to +125 Ceramic 
jiA723MU jiA723D -55 to +125 SO 

Unltrode UC3524J SG3524F o to +70 Ceramic 
UC3524N SG3524N o to +70 Plastic 

"THERE MAY BE PARAMETRIC DIFFERENCES BElWEEN SIGNETICS' 
PARTS AND THOSE OF THE COMPETITION. 
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PART SMD 
DESCRIPTION 

NUMBER PACKAGE 
PART SMD DESCRIPTION 

NUMBER PACKAGE 

ADC0820D SOL-20 8-Bit CMOS AID NE532D 50-8 Dual Op Amp 
*DAC08ED SO-16 8-Bit D/A Converter *NE544D SOL-16 Servo Amp 
*LF398D 50-14 Sample-and-Hold Amp *NE5512D 50-8 Dual Hi-Perf Op Amp 
LM1870D SOL-20 Stereo Demodulator *NE5514D SOL-16 Quad Hi-Perf Op Amp 
LM2901 0 50-14 Quad Volt Comparator NE5517D 50-16 Dual Hi-Perf Amp 
LM2903D 50-8 Dual Volt Comparator NE5520D SOL-16 LVDT Signal Cond Ckt 
LM311D 50-8 Voltage Comparator *NE5532D SOL-16 Dual Low-Noise Op 
LM319D 50-14 High-Speed Dual Amp 

Comparator *NE5533D SOL-16 Low-Noise Op Amp 
LM324AD 50-14 Quad Op Amp NE5534AD 50-8 Low-Noise Op Amp 
LM324D 50-14 Quad Op Amp NE5534D 50-8 Low-Noise Op Amp 
LM339D 50-14 Quad Volt Comparator NE5537D 50-14 Sample-and-Hold Amp 
LM358AD 50-8 Dual Op Amp NE5539D 50-14 Hi-Freq Amp 
LM358D 50-8 Dual Op Amp Wideband 
LM393D 50-8 Dual Comparator NE555D 50-8 Single Timer 
*MCt408-8D 50-16 8-B~ 0/ A Converter NE556D 50-14 Dual Timer 
MC1458D 50-8 Dual Op Amp NE5560D 50-16 SMPS Control Ckt 
MC1488D SO-14 Quad Line Driver NE5561D 50-8 SMPS Control Ckt 
MCI489D 50-14 Quad Line Receiver NE5562D SOL-20 SMPS Control Ckt 
MC1489AD 50-14 Quad Line Receiver NE5568D 50-8 SMPS Control Ckt 
MC3302D 50-14 Quad Volt Comparator NE558D SOL-16 Quad Timer 
MC3361 0 SOL-16 Low Power FM IF NE5592D 50-14 Dual Video Amp 
MC3403D 50-14 Quad Low Power Op NE564D 50-16 Hi-Frequency PLL 

Amp *NE585D 50-14 Phase Locked Loop 
NE4558D 50-8 Dual Op Amp NE566D 50-8 Function Generator 
*NE5018D SOL-24 8-B~ 0/ A Converter NE567D 50-8 Tone Decoder PLL 
*NE5019D SOL-24 8-Bit 0/ A Converter NE568D SOL-20 PLL 
*NE5038D 50-14 6-Bit AID Converter NE571D SOL-16 Compandor 
NE5037D 50-16 6-Bit AID Converter NE572D SOL-16 Prog Compandor 
NE5044D 50-16 Prog 7-Channel *NE587D SOL-20 7 Seq LED Driver 

Encoder (Anode) 
NE5045D 50-16 7-Channel Decoder *NE589D SOL-20 7 Seq LED Driver 
NE5090D SOL-16 Address Relay Driver (Cath) 
NE5105/AD 50-8 High-Speed NE5900D SOL-I 6 Call Progress Decoder 

Comparator NE592D14 50-14 Video Amp 
NE5170A PLCC-28 Octal Une Driver NE592D8 50-8 Video Amp 
NE5180A PLCC-28 Octal Une Receiver NE592HD14 50-14 Hi-Gain Video Amp 
NE5204D 50-8 High-Frequency Amp NE592HD8 50-8 Hi-Gain Video Amp 
NE5205D SO-8 High-Frequency Amp *NE594D SOL-20 Vac Fluor Disp Driver 
NE521 0 SO-14 High-Speed Dual NE602D 50-8 Double Bal Mixer/ 

Comparator Oscillator 
NE5212D8 50-8 Transimedance NE604D 50-16 Low Power FM IF 

Amplifier System 
NE522D 50-14 High-Speed Dual NE605 SOL-20 FM IF System 

Comparator NE612D 50-8 Double Balanced 
NE5230D 50-8 Low Voltage Op Amp Mixer/Oscillator 
NE527D 50-14 High-Speed NE614D 50-16 Low Power FM IF 

Comparator System 
NE529D 50-14 High-Speed *PCD3311TD 50-16 DTMF/Melody 

Comparator Generator 
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SO Availability list 

PART SMD DESCRIPTION 
NUMBER PACKAGE 

PART SMD DESCRIPTION 
NUMBER PACKAGE 

PCD3312TD 50-8 DTMF /Melody SAA3004TD 50L-20 R/C Transmitter 
Generator With ICC SG3524D 50-16 5MP5 Control Circuit 

PCD3315TD 5OL-28 Repertory Pulse Dial TDA1001BTD SO-16 Noise Suppressor 
PCD3360TD 50-16 Progress Tone Ringer TDA1005ATD 50-16 5tereo Decoder 
PCF2100TD 5OL-28 LCD Duplex Driver TDA3047TD 50-16 IR Preamp 

(40) TDA3048TD 50-18 IR Preamp 
PCF2111TD V50-40 LCD Duplex Driver TDA5040TD 50-8 Brushless DC Motor 

(64) Driver 
PCF2112TD V50-40 LCD Duplex Driver TDA7010TD SO-16 FM Radio Circuit 

(32) TDA7050TD 50-8 Mono/5tereo Amp 
PCF8570TD 80-8 5tatic RAM (256 X 8) TDD1742TD SOL-28 Frequency 5ynthesizer 
PCF8571TD 50-8 1 K Serial RAM ULN2003D SO-16 Transistor Array 
PCF8573TD 50-16 Clock/Timer ULN2004D 50-16 Transistor Array 
PCF8574TD 80-16 Remote 110 Expander pA723CD 50-14 Voltage Regulator 
PCF8576TD V50-58 MUX/5tatic Driver pA741 CD 50-8 Single Op Amp 
PCF8577TD VSO-40 32-/64-Segment LCD pA747CD 50-14 Dual Op Amp 

Driver 
5A5105/AD SO-8 High-5peed 

Comparator 

NOTE: 
'Non-standard pinout. 

5A5230D SO-8 Low Voltage Op Amp 
SA5212D8 50-8 Transimpedance Amp UNDER DEVELOPMENT 
5A532D 80-8 Dual Op Amp 
5A534D 80-14 Dual Op Amp 
5A555D 50-8 Single Timer 

PART SMD DESCRIPTION 
NUMBER PACKAGE 

5A571 0 5OL-16 Compandor 
5A572D SOL-16 Compandor 
'SA594D 5OL-20 Vac Fluor Diap Driver 
5A602D 80-8 Double Bal Mixer/ 

OSCillator 
SA604D 80-16 Lower Power FM IF 

26LS31D 50-16 R5-422 Line Driver 
26LS32D 80-16 R8-422 Line· Receiver 
26L533D 50-16 R5-422 Line ReCeiver 
26L529D 50-16 R5-423 Une Driver 
26LS30D 80-16 R5-423 Une Receiver 

System 

NOTE: 
For Information regarding additional SO products released since the publication of this document, contact your local Signetics Sales Office. 
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Signetics' Linear integrated circuit prod
ucts may be ordered by contacting either 
the local Signetics sales office, Signetics 
representatives and/or Signetics autho
rized distributors. A complete listing is 
located in the back of this manual. 

Minimum Factory Order: 

Commercial Product: 

$1000 per order 
$250 per line item per order 

Military Product: 

$250 per line item per order 

Table 1 provides part number informa
tion concerning Signetics originated 
products. 

Table 2 is a cross reference of both the 
old and new package suffixes for all 
presently existing types, while Tables 3 
and 4 provide appropriate explanations 
on the various prefixes employed in the 
part number descriptions. 

As noted in Table 3, Signetics defines 
device operating temperature range by 
the appropriate prefix. It should be not
ed, however, that an SE prefix (-55°C to 
+ 125°C) indicates only the operating 
temperature range of a device and not 
its military qualification status. The mili
tary qualification status of any Linear 
product can be determined by either 
looking in the Military Data Manual and/ 
or contacting your local sales office. 

February 1987 

Ordering Information 
for Prefixes ADC, AM, CA, DAC, 
ICM, LF, LM, MC, NE, OP, SA, 
SE, SG, pA, UC, ULN 

Table 1. Part Number Description 

PART NUMBER 

NE5537N 

CROSS REF 
PART NO. 

LF398 

PRODUCT 
FAMILY 

LIN 

PRODUCT 
DESCRIPTION 

L-~ 
Description of 
Product Function 

___ Linear Product Family 

___ Package Descriptions - See Table 2 

L... ___ ~ Device Number 

L... _____ ~ Device Family and Temperature Range Prefix - See 

Tables 3 & 4 
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Ordering Information 

Table 2. Package Descriptions 

OLD NEW 
PACKAGE 

DESCRIPTION 

A, AA N 14-lead plastic DIP 
A N-14 14-lead plastic DIP 

(selected analog 
products only) 

B, BA' N 16-lead plastic DIP 
D Microminiature 

package (SO) 
F F 14-, 16-, 18-, 22-, 

and 24-lead 
ceramic DIP 
(Cerdip) 

I,IK I 14-, 16-, 18-, 22-, 
28-, and 4-lead 
ceramic DIP 

K H 10-lead TO-l 00 
L H 10-lead high-profile 

TO-l00 can 
NA, NX N 24-lead plastic DIP 
Q, R Q 10-, 14-, 16-, and 

24-lead ceramic 
flat 

T, TA H 8-lead TO-99 
U U SIP plastic power 
V N 8-lead plastic DIP 
XA N 18-lead plastic DIP 
XC N 20-lead plastic DI P 
XC N 22-lead plastic DIP 
XL, XF N 28-lead plastic DIP 

A PLCC 
EC TO-46 header 
FE 8-lead ceramic DIP 

February 1987 

Table 3. Signetics Prefix and 
Device Temperature 

PREFIX 
DEVICE TEMPERATURE 

RANGE 

NE o to +70·C 
SE -SS·C to + 12S·C 
SA -40·C to +8S·C 

Table 4. Industry Standard Prefix 

PREFIX DEVICE FAMILY 

ADC Linear Industry Standard 
AM Linear Industry Standard 
CA Linear Industry Standard 
DAC Linear Industry Standard 
ICM Linear Industry Standard 
LF Linear Industry Standard 
LM Unear Industry Standard 
MC Linear Industry Standard 
NE Linear Industry Standard 
OP Linear Industry Standard 
SA Linear Industry Standard 
SE Linear Industry Standard 
SG Linear Industry Stal']dard 
p.A Linear Industry Standard 
UC Linear Industry Standard 
ULN Linear Industry Standard 
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Signetics' integrated circuit products 
may be ordered by contacting either the 
local Signetics sales office, Signetics 
representatives and/or Signetics autho
rized distributors. 

Minimum Factory Order: 
Commercial Product: 

$ 1 000 per order 

$ 250 per line item per order 

Table 1 provides part number informa
tion concerning Signetics/Philips inte
grated circuits. 

Table 2 provides package suffixes and 
descriptions for all presently existing 
types. Letters following the device num
ber not used in Table 2 are considered 
to be part of the device number. 

Table 3 provides explanations on the 
various prefixes employed in the part 
number descriptions. As noted in Table 
3, Signetics/Philips device operating 
temperature is defined by the appropri
ate prefix. 

OPERATING TEMPERATURE: 
The third letter of the prefix, in a three
letter prefix, is the temperature designa
tor. 

The letters A to F give information about 
the operating temperature: 

A: Temperature range not specified. 
See data sheet. 

e.g. TDA2541 N 
B: 0 to +70·C 

e.g. PCB8573PN 
C: -55·C to + 125·C 

e.g. PCC2111 PN 
D: -25·C to + 70·C 

e.g. PCD8571 PN 
E: -25·C to +85·C 

e.g. PCE2111 PN 
F: -40·C to + 85·C 

e.g. PCF2111 PN 
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Ordering Information 
for Prefixes HE, OM, MA, ME, 
PC, PN, SA, T8, TC, TO, TE 

Table 1. Part Number Description 

PART 
NUMBER 

PRODUCT 
FAMILY 

PRODUCT 
DESCRIPTION 

'!"'p~~~1 N LIN Video IF Amplifier 1 l LDescription of 
Product Function 

Product Family Linear 

Package Description - See Table 2A 

'---...... -Device Number 

L----_-Device Family and Temperature Range Prefix-See Table 3A 

Table 2. Package Description 

SUFFIX PACKAGE DESCRIPTION 

PN 8-, 14-, 16-, 18-, 20-, 24-, 28-, 4O-lead plastic DIP 
TO Microminiature Package (SO) 
OF 14-, 18-, 18-, 22-, 24-lead ceramic DIP 
U Single In-line plastic (SIP) and SIP power packages 

Table 3. Device Prefix 

PREFIX DEVICE FAMILY 

HEx CMOS circuit 
OM Linear circuit 
MAx Microcomputer 
MEx Microcomputer peripheral 

PCX CMOS circuit 
PNx NMOS circuit 

SAx Digital circuit 
TBx Linear circuit 
TCx Linear circuit 
TDx Linear circuit 
TEx Linear circuit 
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"Glven the Increasingly Intense competitive 
pressures our customers face, they should 

demand nothing less than zero defects 
from every IC vendor. We now know that 
zero defects Is an achievable goal. Why 

should IC customers pay for errors?" 

Norman Neumann 
President 
Signetlcs Corporation 
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Linear Products 

SIGNETICS' ZERO DEFECTS 
PROGRAM 
In recent years, American industry has de
manded increased product quality of its IC 
suppliers in order to meet growing internation
al competitive pressures. As a result of this 
quality focus, it is becoming clear that what 
was once thought to be unattainable - zero 
defects - is, in fact, achievable. 

The IC supplier committed to a standard of 
zero defects provides a competitive advan
tage to today's electronics OEM. That advan
tage can be summed up in four words: 
reduced cost of ownership. As IC customers 
look beyond purchase price to the total cost 
of doing business with a vendor, it is apparent 
that the quality-conscious supplier represents 
a viable cost reduction resource. Consistently 
high quality circuits reduce requirements for 
expensive test equipment and personnel, and 
allow for smaller inventories, less rework, and 
fewer field failures. 

REDUCING THE COST OF 
OWNERSHIP THROUGH TOTAL 
QUALITY PERFORMANCE 
Quality involves more than just IC's that work. 
It also includes cost-saving advantages that 
come with error-free service - on-time deliv
ery of the right quantity of the right product at 
the agreed-upon price. Beyond the product, 
you want to know you can place an order and 
feel confident that no administrative problems 
will arise to tie up your time and personnel. 

Today, as a result of Signetics' growing 
appreciation of the concern with cost of 
ownership, our quality improvement efforts 
extend out from the traditional areas of prod
uct conformance into every administrative 
function, including order entry, scheduling, 
delivery, shipping, and invoicing. Driving this 
process is a Corporate Quality Improvement 
Team, comprised of the president and his 
staff, which oversees the activities of 30 other 
Quality Improvement Teams throughout the 
company. 

CUSTOMER/VENDOR 
COOPERATION IS AT THE 
HEART OF ZERO DEFECTS 
AND REDUCED COSTS 
Working to a zero defects standard requires 
that emphasis be consistently placed, not on 
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"catching" defects, but on preventing them 
from ever occurring. This strong preventive 
focus, which demands that quality be "built-in" 
rather than "inspected in," includes a much 
greater attention to ongoing communication on 
quality-related issues. At Signetics, a focus on 
this cooperative approach has resulted in bet
ter service to all customers and the develop
ment of two innovative customer Ivendor pro
grams: Ship-to-Stock and Self-Qual. 

As a result of their participation in the Ship-to
Stock Program, many of our customers have 
eliminated costly incoming testing on select
ed ICs. We will wo~k together with any cus
tomer interested to establish 'a Ship-to-Stock 
Program, and identify the products· to be 
included in the program and final~e all.n~s
sary terms and conditions. Froln that point, 
the specified products can go directly. f~om 
the receiving dock to the assembly line or into 
inventory. Signetics then provides, free of 
charge, monthly reports on those products. 

In our efforts to continually reduce cost of 
ownership, we are now using the experience 
we have gained with Ship-to-Stock to begin 
developing a Just-in-Time Program. With Just-. 
in-Time, products will be delivered to the 
receiving dock just as they are needed, permit
ting continuous-flow manufacturing and elimi
nating the need for expensive inventories. 

Uke Ship-to-Stock, our Self-Qual Program 
employs a cooperative approach based on 
ongoing information exchange. At Signetics, 
formal qualification procedures are required 
for all new or changed materials, processes, 
products, and facilities. Prior to 1 983, we 
created our qualification programs indepen
dently. Our major customers would then test 
samples to confirm our findings. Now, under 
the new Self-Qual Program, customers can 
be directly involved in the prequal~ication 

stage. When we feel we have a promising 
enhancement to offer, customers will be invit
ed to participate in the development of the 
qualification plan. This eliminates the need to 
duplicate expensive qualification testing and 
also adds another dimension to our ongoing 
efforts to build in quality. 

PRODUCT RELIABILITY: 
QUALITY OVER TIME IS THE 
GOAL 
Our concern with product reliability has devel
oped from communication with many custom
ers. In discussions, these customers have 

2-3 

emphasized the high cost of field failures, 
both in terms of dollars and reputations in the 
marketplace. 

In response to these concerns, we have 
placed an emphasis on improving product 
reliability. As a result of this effort, our product 
reliability has improved more than fourfold in 
a five-year period (see Figure 1). A key 
program, SURE (Systematic and Uniform Re
liability Evaluation), highlights the significant 
progress made in this critical area. 

SURE was first instituted in 1964 as the core 
reliability measurement for all Signetics prod
ucts. In 1980, as a first major step toward 
improving product reliability, SURE was en
hanced by increasing sampling frequency and 
size and by extending stress tests. As a result 
of these improvements, most of our major 
customers now utilize SURE data with no 
requests for additional reliability testing. 

WE WANT TO WORK WITH 
YOU 
At Signetics, we know that our success de
pends on our ability to support all our custom
ers with the defect-free, higher density, higher 
performance products needed to compete 
effectively in today's demanding business 
environment. To achieve this goal, quality in 
another arena - that of communications
is vital. Here are some specific ways we can 
maintain an ongoing dialogue and information 
exchange between your company and ours 
on the quality issue: 
• Periodical face-to-face exchanges of 

data and quality improvement ideas 
between the customer and Signetics 
can help prevent problems before they 
occur. 

• Test correlation data is very useful. Une 
pull information and field failure reports 
also help us improve product 
performance. 

• When a problem occurs, provide us as 
soon as possible with whatever specific 
data you have. This will assist us in 
taking prompt corrective action. 

Quality products are, in large measure, the 
result of quality communication. By working 
together, by opening up channels through 
which we can talk openly to each other, we 
will insure the creation of the innovative, 
reliable, cost effective products that help 
insure a competitive edge. 

I 
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QUALITY AND RELIABILITY 
ASSURANCE 
Signetics' Linear Division Quality and Reliabil
ity Assurance Department is involved In all 
stages of the production of our Linear ICs: 
• Product Design and Process 

Development 

• Wafer Fabrication 

• Assembly 
• Inspection and Test 

• Product Reliability Monitoring 

• Customer liaison 

The result of this continual. involvement at all 
stages of production enables us to provide 
feedback to refine present and future de
signs, manufacturing processes, and test 
methodology to enhance both the quality and 
reliability of the products delivered· to our 
customers. 
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Figure 1 

LINEAR PRODUCT QUALITY 
Signetics has put together a winning process 
for the manufacturing of Linear Integrated 
Circuits. The circuits produced by our Linear 
Division must meet rigid criteria as defined in 
our design rules and as evaluated through 
product characterization over the device op
erating temperature range. Product confot
mance to specification is measured through
out the manufacturing cycle. Our standard is 
Zero Defects and our customers' statistics 
and awards for outstanding product quality 
demonstrate our advance toward this. goal. 

Nowhere is this more evident than at our 
Electrical Outgoing Product Assurance in
spection gate. Over the past six years, the 
measured defect level at the first submission 
to Product Assurance for Linear products has 
dropped from over 4000PPM (0.4%) to under 
150PPM (0.015%) (see Figure 2). Signetics 
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calls the first submittal to a Product or Quality 
Assurance gate our Estimated Process Quali
ty or EPQ. It is an internal measure used to 
drive our Quality Improvement Programs to
ward our goal of Zero Defects. All product 
acceptance sampling plans have zero as their 
acceptance criteria. Only shipments that 
demonstrate zero defects during these· ac
ceptance tests may be shipped to our cus
tomers. This is in accordance with our com
mitment to our Zero Defect policy. 

The results from our Quality Improvement 
Program have allowed Signetics to take the 
industry leadership position with its Zero De
fects Limited Warranty pOlicy. No longer is it 
necessary to negotiate a mutually acceptable 
AQL between buyer and Signetics. Signetics 
will replace any lot in which a customer finds 
one verified defective part. 
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Figure 2. Electrical Estimated Process Quality (EPQ) 

QUALITY DATABASE 
REPORTING SYSTEM - QA05 
The capabilities of our manufacturing process 
are measured and the results are recorded 
through our corpcrate-wide QA05 database 
system. The QA05 system collects the results 
on all finished lots and feeds this data back to 
ccncerned organizations where appropriate 
corrective actions can be taken. The QA05 
repcrts Estimated Process Quality (EPQ) data 
which are the sample inspection results for 
first submittal lots to Quality Assurance in· 
spection for electrical, visual/mechanical, 
hermeticity, and documentation. Data from 
this system is available upon request and is 
distributed routinely to our customers who 
have formally adopted our Ship·to·Stock pro· 
gram. 

SIGNETICS' SHIP-TO-STOCK 
PROGRAM 
Ship·to-Stock is a jOint program between 
Signetics and a customer which formally 
certifies specific parts to go directly into 
inventory or to the assembly line from the 
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customer's receiving dock without inccming 
inspection. This program was developed at 
the request of several major customers after 
they had worked with us and had a chance to 
experience the data exchange and joint ccr
rective action that occurs as part of our 
quality improvement program. 

The key elements of the Ship-to-Stock pro
gram are: 
• Signetics and customer agree on a list 

of products to be certified, ccmplete 
device correlation, and sign a 
specification. 

• The product Estimated Product Quality 
(EPQ) must be 300ppm or less for the 
past 3 months. 

• Signetics will share Quality (QA05) and 
Reliability data on a regular basis. 

• Signetlcs will alert Ship-te-Stock 
customers of any changes in quality or 
reliability which could adversely impact 
their product. 

Any customer interested in the beneiHs of the 
Ship-to-Stock program should contact his 
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local Signetics sales office for a brochure and 
further details. 

RELIABILITY BEGINS WITH THE 
DESIGN 
Quality and reliability must begin with design. 
No amount of extra testing or inspection will 
produce reliable ICs from a design that is 
inherently unreliable. Signetics follows very 
strict design and layout practices with its 
circuits. To eliminate the possibility of metal 
migration, current density in any path cannot 
exceed 5 X 105 amps/cm2• Layout rules are 
followed to minimize the possibility of shorts, 
circuit anomalies, and SCR type latch-up 
effects. All circuit designs are ccmputer
checked using the latest CAD software for 
adherence to design rules. Simulations are 
performed for functionality and parametric 
performance over the full operating ranges of 
voltage and temperature before going to 
production. These steps allow us to meet 
device specifications not only the first time, 
but also every time thereafter. 

I 
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PRODUCT CHARACTERIZATION 
Before a new design is released, the charac
terization phase is completed to insure tha,t 
the distribution of parameters resulting from 
lot-to-Iot variations is well within specified 
limits. Such extensive characterization data 
also provides a basis for identifying unique 
application-related problems which are not 
part of normal data sheet guarantees. 

PRODUCT QUALIFICATION 
Linear products are subjected to rigorous 
qualification procedures for all new products 
or redesigns to current products. Qualification 
testing consists of: 
• High Temperature Operating Life: 

T J = lS0·C, 1000 hours, static bias 

• High Temperature Storage Life: 
T J = lS0·C, 1000 hours, unbiased 

• Temperature Humidity Biased Life: 
8S·C, 8S% relative humidity, 1000 
hours, static bias 

• Pressure Cooker: 
lS psig, 121·C, 192 hours, unbiased 

• Thermal Shock: 
-6S·C to + lS0·C, 300 cycles, S minute 
dwell, liquid to liquid, unbiased 

Formal qualification procedures are required 
for all new or changed products, processes, 
and facilities. These procedures ensure the 
high level of product reliability our customers 
expect. New facilities are qualified by corpo
rate groups as well as by the quality organiza
tions of specific units that will operate in the 
faCility. After qualification, products manufac
tured by the new facility are subjected to 
highly accelerated environmental stresses to 
ensure that they can meet rigorous failure 
rate requirements. New or changed process
es are Similarly qualified. 
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ONGOING RELIABILITY 
ASSESSMENT PROGRAMS 

The SURE Program 
The SURE (Systematic and Uniform Reliabili
ty Evaluation) program audits products from 
each of Signetics Linear Division's process 
families: Low Voltage,Medium Voltage, High 
Voltage, and Dual-Layer Metal, unl;ler a vari
ety. of accelerated stress conditions. This 
program, first introduced in 1984, has evolved 
to suit changing product complexities and 
performance requirements. . 

The Audit Program 
Samples are selected from each process 
family every four weeks and are subjected to 
each of the following stresses: 
• High Temperature Operating Life: 

T J - lS0·C, 1000 hours, static bias 

• High Temperature Storage Life: 
T J - 150·C, 1000 hours, unbiased 

• Temperature Humidity Biased Life: 
8S·C, 8S% relative humidity, 1000 
hours, static bias 

• Pressure Cooker: 
20 psig, 127·C, 72 hours, unbiased 

• Thermal Shock: 
-6S·C to + lS0·C, 300 cycles, S minute 
dwell, liquid-to-liquid, unbiased 

• Temperature Cycling: 
-6S·C to + 1S0·C, 1000 cycles, 10 
minute dwell, air-to-'air, unbiased 

The Product Monitor Program 
In addition, each Signetics assembly plant 
performs Pressure Cooker and Thermal 
Shock SURE Product Monitor stresses on a 
weekly basis on each molded package by pin 
count per the same conditions as the SURE 
Program. 

Product Reliability Reports 
The data from these test matrices provides a 
basic understanding of product capability, an 
indication of major failure mechanisms, and 
an estimated failure rate resulting from each 
stress. This data is compiled periodically and 
is available to customers upon request. 

Quality and Reliability 

Many customers use this information in lieu of 
running their own qualification tests, thereby 
eliminating time-consuming and costly addi
tional testing. 

Reliability Engineering 
In addition to the product performance moni
tors encompassed in the Linear SURE pro
gram, Signetics' Corporate and DiviSion Reli
ability Engineering departments sustain a 
broad range of evaluation and qualification 
activities. 

Included in the engineering process are: 
• Evaluation and qualification of new or 

changed materials, assembly/wafer-fab 
processes and equipment, product 
designs, facilities, and subcontractors. 

• Device or generic group failure rate 
studies. 

• Advanced environmental stress 
development. 

• Failure mechanism characterization and 
corrective action/prevention reporting. 

. The environmental stresses utilized in the 
engineering programs are similar to those 
utilized for the SURE monitor; however, more 
highly-accelerated conditions and extended 
durations typify these engineering projects. 
Additional stress systems such as biased 
pressure pot, power-temperature cycling, and 
cycle-biased temperature-humidity, are also 
included in some evaluation programs. 

Failure Analysis 
:The SURE Program and the Reliability Engi
neering Program both include failure analysis 
activities and are complemented by corpo
rate, divisional; and plant failure analysis 
departments. These engineering units pro
vide a service to our customers who desire 
detailed failure analysis support; who in turn 
provldeSignetics with the technical under
standing of the failure modes and mecha
nisms actually experienced in service. This 
information is essential in our ongoing effort 
to accelerate and improve our understanding 
of product failure mechanisms and their pre
vention. 
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WAFER 
FABRICATION 

I 0------------ sc.uNNG ElECTRON IIICROSCOPE CONTROl. 

I 
Wafefs ... sampled _ by Ole Oua<ty ConIn>I LoI>oroIcfy _ ..... _ .... and ~ 

to SEM analysis. This process control reveats manufacturing detects IUCh u contact and oxide step 
coverage in the metalization proc888 which may result in early failures. 

0------------ DIE SORT VISUAL ACCEPI'AJlCE 
Product is inspected lor defects caused during fabrication, wafer testing, or the mechanical ICribe 
and tweak operation. Detects SUCh as scratc:hes, ameatS and glus/Ya18d bonding pads are included 
in the lot accaptance criteria. 

DIE ATTACH AND _E BONDING 
The latest automaled equipment is used under statistical proce8S conIroI program. 

o _ _ _ _ _ _ _ _ _ _ _ _ PREoSEAL VISUAl. ACCEPTANCE 

Product is inspected 10 detect any damage incurred at the die attactI and wire bonding stations. 
Defects such as scratches. contaminatiOn and smeared ball bondS are included in the lot acceptance 
criteria. 

__________ SEAL TESTS 

Hennetlc pacKage seal inlegrity is ensured by 100% and tine gross leak lasting. 

SYMBOL 
Oevtces are marked with 11\8 Signetica lOgO, device number and period dale code of assembly 01 
cuetom symbol per indMaual specification requirements. 

_ _ _ _ _ _ _ _ 100% PRODUCTION ELECTRICAL TESTING 

Every device is tested to ... dIIa sheet parameters guaranteeing temperature apecific:ationa. 

BUR~N (SUPR M LEVEL 8 OPTION) 

Devices are burned in for 21 hoots at 155"C maximum JunctIon Temperature. 

100% PRODU~ ELECrRICAI. TIS11NG 
E __ ia_"aII_"'eet __ .. ~_""" .. ~ 

________ VISUAL 

AM products are visuaMy inspected per the requiqment8 specified in SignelIcI' or CU8lorner 
documents. 

________ FlIW.GUAUTYASSUIIANCEGATE 

The final QA inspection stap __ the opecifiod mechanical and _ AOL'o. Evely ship

mentis ...... andidenOifiadI>vQA"......,... 
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THE 12C CONCEPT 
The Inter-IC bus (12C) is a 2-wire serial bus 
designed to provide the facilities of a small 
area network, not only between the circuits of 
one system, but also between different sys
tems; e.g., teletext and tuning. 

Philips/Signetics manufactures many devices 
with built-in 12C interface capability, any of 
which can be connected in a system by 
simply "clipping" it to the 12C bus. Hence, any 
collection of these devices around the 12C 
bus is known as "clips." 

The 12C bus consists of two bidirectional 
lines: the Serial Data (SDA) line and the Serial 
Clock (SCl) line. The output stages of de
vices connected to the bus (these devices 
could be NMOS, CMOS, 12C, TIL, ... ) must 
have an open-drain or open-collector in order 
to perform the wired-AND function. Data on 
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Introduction to 12C 

the 12C bus can be transferred at a rate up to 
1 OOkbits/ sec. The physical bus length is 
limited to 13 feet and the number of devices 
connected to the bus is solely dependent on 
the limiting bus capacitance of 400pF. 

The inherent synchronization process, built 
into the 12(; bus structure using the wired
AND technique, not only allows fast devices 
to communicate with slower ones, but also 
eliminates the "Carrier Sense Multiple Ac
cess/Collision Detect" (CSMAlCD) effect 
found in some local area networks, such as 
Ethernet. 

Master-slave relationships exist on the 12C 
bus; however, there is no central master. 
Therefore, a device addressed as a slave 
during one data transfer could possibly be the 
master for the next data transfer. Devices are 
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also free to transmit or receive data during a 
transfer. 

To summanze, the 12C bus eliminates inter
facing problems. Since any peripheral device 
can be added or taken away without affecting 
any other devices connected to the bus, the 
12C bus enables the system designer to build 
various configurations using the same basic 
architecture. 

Application areas for the 12C bus include: 
Video Equipment 

Audio Equipment 

Computer Terminals 

Home Appliances 

Telephony 

Automotive 

Instrumentation 

Industrial Control 

• 
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INTRODUCTION 
For 8-bit applications, such as those requiring 
single-chlp miCrocomputers, certain design 
criteria can be established: 
• A complete system usually consists 

of at least one microcomputer and 
other peripheral devices, such as 
memories and I/O expanders. 

• The cost of connecting the various 
devlcea within the system must be 
kept to a minimum. 

• Such a system usually performs a 
control function and does not require 
high-speed data transfer. 

• Overall efficiency depends on the 
devlcea chosen and the 
Interconnecting bus structure. 

In order to produce a system to satisfy these 
criteria, a serial bus struCture is needed. 
Although serial buses don't have the through
put capability of parallel buses, they do re
quire less wiring and fewer connecting pins. 
However, a bus Is not merely an interconnect
ing wire, it embodies all the formats and 
procedures for communication within the sys
tem. 

Devices communicating with each other on a 
serial bus must have some form of protocol 
which avoids all possibilities of confusion, 
data loss and blockage of information. Fast 
devices must be able to communicate with 
slow devices. The system must not be depen
dent on the devices connected to it, other
wise modifications or improvements would be 
impossible. A procedure has also to be re
solved to decide which device will be in 
control of the bus and when. And if different 
devices with different clock speeds are con
nected. to the bus, the bus clock source must 
be defined. 

All these criteria are involved in the specifica
tion of the 12(; bus. 

THE 12C BUS CONCEPT 
Any manufacturing process (NMOS, CMOS, 
12L) can be supported by the 12C bus. Two 
wires (SDA - serial data, SCL - serial clock) 
carry information between the devices con
nected to the bus. Each device is recognized 
by a unique address - whether it is a micro
computer, LCD driver, memory or keyboard 
interface - and can operate as either a trans
mitter or receiver, depending on the function 
of the device. Obviously an LCD driver is only 
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a receiver, while a memory can both receive 
and transmit data. In addition to transmitters 
and receivers, devices can also be consid
ered as masters or slaves when per.forming 
data transfers (see Table 1). A master is the 
device which initiates a data transfer on the 
bus and generates the clock signals to permit 
that transfer. At that time, any device ad
dressed is considered a slave. 

The 12C bus is a multi-master bus. This means 
that more than one device capable of control
ling the bus can be connected to it. As 
masters are usually microcomputers, let's 
consider the case of a data transfer between 
two microcomputers connected to the 12C 
bus (Figure 1). This highlights the master
slave and receiver-transmitter relationships to 
be found on the 12C bus. It should be noted 
that these relationships are not permanent, 
but only depend on the direction of data 
transfer at that time. The transfer of data 
would follow in this way: 

1) Suppose microcomputer A wants to send 
Information to microcomputer B 

- microcomputer A (master) addresses 
microcomputer B (slave) 

- microcomputer A (master transmitter) 
sends data to microcomputer B (slave 
receiver) 

- microcomputer A terminates the 
transfer. 

2) If microcomputer A wants to receive infor
mation from microcomputer B 

- micrOcomputer A (master) addresses 
microcomputer B (slave) 

- microcomputer A (master receiver) 
receives data from microcomputer B 
(slave transmitter) 

- microcomputer A terminates the 
transfer. 

Even in this case, the master (microcomputer 
A) generates the timing and terminates the 
transfer. 

The possibility of more than one microcompu
ter being connected to the 12C bus means 
that more than one master could try to initiate 
a data transfer at the same time. To avoid the 
chaos that might ensue from such an event, 
an arbitration procedure has been developed., 
This procedure relies on the wired-AND con
nection of all devices to the 12C bus. 

If two or more masters try to put information 
on to the bus, the first to produce a one when 
the other produces a zero will lose the 
arbitration. The clock signals during arbitra
tion are a synchronized combination of the 
clocks generated by the masters using the 
wired-AND connectiOri to the SCL line (for 
more detailed information concerning arbitra
tion see Arbitration and Clock Generation). 

Generation of clock signals on the 12(; bus is 
always the responsibility of master devices; 
each master generates its own clock Signals 
when transferring data on the bus. Bus clock 
signals from a master can only be altered 
when they are stretched by a slow slave 

Figure 1. Typical 12(: Bus Configuration 
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Table 1. Definition of 12C Bus Terminology 

TERM DESCRIPTION 

Transmitter The device which sends data to the bus 

Receiver The device which receives data from the bus 

Master The device which initiates a transfer, generates clock 
signals and terminates a transfer 

Slave The device addressed by a master 

MUlti-master More than one master can attempt to control the 
bus at the same time without corrupting the message 

Arbitration Procedure to ensure that if more than one master 
simultaneously tries to control the bus, only one is 
allowed to do so and the message is not corrupted 

Synchronization Procedure to synchronize the clock signals of two or 
more devices 

___ ---+v •• 

_ (SERIAL DATA UN&) 

SCI. ....:(SERIAL;",.;..;",.;..CLOC;.;;;;.;;,.,K ... UN=&):....-__ + __ ~ ________ +-_ 

r------ -, j------ -, 
I I I I 

I iC[j( 1 --' I 
I OUT I 

I SW2--' I 
I OUT I 

I I I I 
I I I I 

I &eLK DATA I 
I IN IN I 

I &eLK DATA I I IN IN I l _______________ ..J L _______________ ..J 

DEVlCE1 DEVICE 2 

Figure 2_ Connection of Devices to the 12C Bus 

Figure 3. Bit Transfer on the 12C Bus 

Figure 4_ Start and Stop Conditions 
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device holding down the clock line or by 
another master when arbitration takes place. 

GENERAL CHARACTERISTICS 
Both SDA and SCl are bidirectional lines, 
connected to a positive supply voltage via a 
pull-up resistor (see Figure 2). When the bus 
is free, both lines are High. The output stages 
of devices connected to the bus must have 
an open-drain or open-collector in order to 
perform the wired-AND function. Data on the 
12C bus can be transferred at a rate up to 
1 OOkbitl s. The number of devices connected 
to the bus is solely dependent on the limiting 
bus capacitance of 400pF. 

BIT TRANSFER 
Due to the variety of different technology 
devices (CMOS, NMOS, 12l) which can be 
connected to the 12C bus, the levels of the 
logical 0 (low) and 1 (High) are not fixed and 
depend on the appropriate level of Voo (see 
Electrical Specifications). One clock pulse is 
generated for each data bit transferred. 

Data Validity 
The data on the SDA line must be stable 
during the High period of the clock. The High 
or low state of the data line can only change 
when the clock signal on the SCl line is low 
(Figure 3). 

Start and Stop Conditions 
Within the procedure of the 12C bus, unique 
situations arise which are defined as start and 
stop conditions (see Figure 4). 

A High-to-low transition of the SDA line while 
SCl is High is one such unique case. This 
situation indicates a start condition. 

A low-to-High transition of the SDA line while 
SCl is High defines a stop condition. 

Start and stop conditions are always generat
ed by the master. The bus is considered to be 
busy after the start condition. The bus is 
considered to be free again a certain time 
after the stop condition. This bus free situa
tion will be described later in detail. 

Detection of start and stop conditions by 
devices connected to the bus is easy if they 
possess the necessary interfacing hardware. 
However, microcomputers with no such inter
face have to sample the SDA line at least 
twice per clock period in order to sense the 
transition. 

TRANSFERRING DATA 

Byte Format 
Every byte put on the SDA line must be 8 bits 
long. The number of bytes that can be 
transmitted per transfer is unrestricted. Each 
byte must be followed by an acknowledge bit. 

I 
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BYTE COMPLETE, 
_WITHIN RECEIVER 

CIDCK UNE HELD LOW WtlLE 
INTEIIRUPfS ARE SERVICED 

Figure 5. Data Transfer on the J2C Bus 
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CONDITION 

Data is transferred with the most significant 
bit (MSB) first (Figure 5). If a receiving device 
cannot receive another complete byte of data 
until it has performed some other function, for 
example, to seIVice an internal interrupt,. it 
can ·hold the clOck line SCl low to force the 
transmitter into a wait state. Data transfer 
then continues when the receiver is ready for 
another byte of data and releases the clock 
line SCl. 

In· some cases, it is permitted to use a 
different form~:lrom the 12C bus format, such 
as CBUS compatible devices. A message· 
which starts wilt. such an· address can be 
terminated by the generation of a stop condi
tion, eve!! during the transmission of a byte. 
In ,this citse, no acknowledge is generated. 

Acknowledge 
Data transfer with acknowledge is obligatory. 
The acknowledge-related clock pulse is gen
erated by the master. The transmitting device 
releases the SDA line (High) during the ac
knowledge clock pulse. 
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Figure 6. Acknowledge on the J2C Bus 

The receiving device has to pull down the 
SDA line during the acknowledge clock pulse 
so that the SDA line is stable Low during the 
high period of this clock pulse (Figure 6). Of 
course, setup and hold times must also be 
taken into account and these will be de
scribed in the TIming section. 

Usually, a receiver which has been addressed 
is obliged to generate an acknowledge after 
each byte has been received (except when 
the message starts with a CBUS address. 

When a slave receiver does not acknowledge 
on the slave address, lor example, becauSe it 
is unable to receive while it is performing 
some real-time function, the data line must be 
left High by the slave. The master can then 
generate a STOP condition to abort the 
transfer. 

If a slave receiver does acknowledge the 
slave address, but some time later in the 
transfer cannot receive any more data bytes, 
the master must again abort the transfer. This 
is Indicated by the slave not generating the 
acknowledge on \he first byte following. The 
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CLOCK PULSE FOR 

ACKNOWLEDGEMENT 

slave leaves the data line High and the 
master generates the STOP condition. 

In the case of a master receiver involved In a 
transfer, it must signal an end of data to the 
slave transmitter by not generating an ac
knowledge on the last byte that was clocked 
out of the slave. The slave transmitter must 
release the data line to allow the master to 
generate the STOP condition. 

ARBITRATION AND CLOCK 
GENERATION 

Synchronization 
All masters generate their own clock on the 
SCl line to transfer messages on the 12C bus. 
Data is only valid during the clock High period 
on the SCl line; therefore, a defined clock is 
needed if the bit-by-bltarbltration procedure 
Is to take place. 

Clock synchronization Is performed using the 
wired-AND connection of devices to the SCl 
LINE. This means that a High-to-low transi-



Signetics Linear Products 

12C Bus Specification 

START COUNTING 

I--WAIT ---J-..!I!!." PERIOD 
I STATE I 

CLK -~ 

1 ____ -f_'-______ -' _____________ ~-------~----

CLK 

2 __ ~~--~.'-~ __ ------------,~~-----~--~-

SCL 
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Figure 7. Clock Synchronization During the Arbitration Procedure 
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Figure 8_ Arbitration Procedure of Two Masters 

tion on the SCL line will affect the devices 
concerned, causing them to start counting off 
their Low period. Once a device clock has 
gone Low it will hold the SCL line in that state 
until the clock High state is reached (Figure 
7). However, the Low-to-High change in this 
device clock may not change the state of the 
SCL line if another device 
clock is still within its Low period. Therefore, 
SCL will be held Low by the device with the 
longest Low period. Devices with shorter Low 
periods enter a High wait state during this 
time. 

When all devices concerned have counted off 
their Low period, the clock line will be re
leased and go High. There will then be no 
difference between the device clocks and the 
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state of the SCL line and all of them will start 
counting their High periods. The first device 
to complete its High period will again pull the 
SCL line Low. 

In this way, a synchronized SCL clock is 
generated for which the Low period is deter
mined by the device with the longest clock 
Low period while the High period on SCL is 
determined by the device with the shortest 
clock High period. 

Arbitration 
Arbitration takes place on the SDA line in 
such a way that the master which transmits a 
High level, while another master transmits a 
Low level, will switch off its DATA output 
stage since the level on the bus does not 
correspond to its own level. 
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Arbitration can carry on through many bits. 
The first stage of arbitration is the comparison 
of the address bits. If the masters are each 
trying to address the same device, arbitration 
continues into a comparison of the data. 
Because address and data information is 
used on the 12C bus for the arbitration, no 
information is lost during this process. 

A master which loses the arbitration can 
generate clock pulses until the end of the 
byte in which it loses the arbitration. 

If a master does lose arbitration during the 
addressing stage, it is possible that the win
ning master is trying to address it. Therefore, 
the losing master must switch over immedi
ately to its slave receiver mode. 

Figure 8 shows the arbitration procedure for 
two masters. Of course more may be in
volved, depending on how many masters are 
connected to the bus. The moment there is a 
difference between the internal data level of 
the master generating DATA 1 and the actual 
level on the SDA line, its data output is 
switched off, which means that a High output 
level is then connected to the bus. This will 
not affect the data transfer initiated by the 
winning master. As control of the 12C bus is 
decided solely on the address and data sent 
by competing masters, there is no central 
master, nor any order of priority on the bus. 

Use of the Clock Synchronizing 
Mechanism as a Handshake 
In addition to being used during the arbitration 
procedure, the clock synchronization mecha
nism can be used to enable receiving devices 
to cope with fast data transfers, either on a 
byte or bit level. 

On the byte level, a device may be able to 
receive bytes of data at a fast rate, but needs 
more time to store a received byte or prepare 
another byte to be transmitted. Slave devices 
can then hold the SCL line Low, aiter recep
tion and acknowledge of a byte, to force the 
master into a wait state until the slave is 
ready for the next byte transfer in a type of 
handshake procedure. 

On the bit level, a device such as a micro
computer without a hardware 12C interface 
on-chip can slow down the bus clock by 
extending each clock Low period. In this way, 
the speed of any master is adapted to the 
internal operating rate of this device. 

I 
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FORMATS 
Data transfers follow the format shown In 
Figure 9. After the start· condition, a slave 
address is ssnt. This address is 7 bits long; 
the eighth bit Is a data direction bit (R/W). A 
zero indicates a transmission (WRITE); a one 
indicates a request for data (READ). A data 
transfer Is always terminated by a stop condi
tion generated by the master. However. if a 

Possible Data Transfer Formats are: 

a) Master transmitter transmits to slave 
receiver. Direction is not changed. 
A - ACKNOWLEDGE 
S-START 
P-STOP 

b) Master reads slave immediately after 
first byte. 

c) Combined formats. 

NOTES: 

master still wishes to communicate on the 
bus, it can generate another start condition, 
and address another slave without first gener
ating a stop condition. Various combinations 
of read/write formats are then possible within 
such a transfer. 

At the moment of the first acknowledge, the 
master transmitter becomes a master receiv-

Figure 9_ A Complete Data Transfer 

s SLAVEADDRas I R/W A 

'O'twRlTE) 

S SLAVEADDRESS Rl\V A 

'I'(READ) 

I 

er and the slave receiver becomes a slave 
transmitter. This acknowledge is still generat
ed by the slave. 

The stop condition is generated by the mas
ter. 

During a change of direction within a transfer, 
the start condition and the slave address are 
both repeated. but with the R/W bit reversed. 

WF14410S 

DATA A DATA A p 

11 
DATA TRANSFERRED 

(n BYTES + ACKNOWlEDGE) 

""""" 

Dlll'A A DATA I A P 

11 
IMI'A TRANSFERRED 

(n BYTES + ACKNOWLEDGE) 

Is I SLAVEADDRESS I JR/W I A tj s I SLAVE ADDRESS I RJ/W I Altj P I 
(n~a (nBYTES 

+ ACKNOWLEDGE) + ACKNOWLEIICIEI 

READ OR READ OR DlRECllON OF 
WRITE WRITE TRANSFER MAY 

CHANGEIa 
THIS POINT 

..... ,os 

1. CombIned formats can be used, for example, to control a serial memory. During the first data byte, the internal memOfy location has to be written. After the start condition Is repeated. 
data can then be transferred. 

2. All deoisions on auto-increment or decrement of prevkJusly accessed memory locations, etc., are taken by the designer of the device. 
3. Each byte Is followed by an acknowledgo os Indicated by tho A blocks In tho sequence. 
4. 12C devices have to reset their bus logic: on receipt of a start condition so that they all anticipate the sending of a slave address. 

February 1987 3-8 



Signetics Unear Products 

12C Bus Specification 

ADDRESSING 
The first byte after the start condition deter
mines which slave will be selected by the 
master. Usually, this first byte follows that 
start procadure. The exception is the general 
call address which can address all devicas. 
When this address is used, all devices 
should, in theory, respond with an acknowl
edge, although devicas can be made to 
ignore this address. The second byte of the 
general call address then defines the action 
to be taken. 

Definition of Bits In the First 
Byte 
The first seven bits of this byte make up the 
slave address (Figure 10). The eighth bit 
(lSB - least significant bit) determines the 
direction of the message. A zero on the least 
significant position of the first byte means that 
the master will write information to a selected 
slave; a one in this position means that the 
master will read information from the slave. 

-
Figura 10. The First Byte After the 

Start Procedure 

When an address is sent, each davica in a 
system compares the first 7 bits after the start 
condition with its own address. If there is a 
match, the devica will consider itself ed
dressed by the master as a slave receiver or 
slave transmitter, depending Oil the R/W bit. 

The slave address can be made up of a fixed 
and a programmable part. Since it is expected 
that identicallCs will be used more than once 
in a system, the programmable part of the 
slave address enables the maximum possible 
number of such devices to be connected to 
the 12C bus. The number of programmable 
address bits of a davica depends on the 
number of pins available. For example, if a 
device has 4 fixed and 3 programmable 
address bits, a total of eight identical davices 
can be connected to the same bus. 

The 12C bus committee is available to coordi
nate allocation of 12C addresses. 

The bit combination 1111 XXX of the slave 
address is reserved for future extension pur
poses. 

Tha address 1111111 is reserved as the 
extension address. This means that the ad
dreasing procedure will be continued in the 
next byte(s). . Devices that do not use the 
extended addressing do not react at the 
recaption of this byte. The seven other possi-
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_IIYIE SECOND BYTE 
(GENERAL CALL ADDRESS) 

Figura 11. General Call Address Format 

Figure 12. Sequence of a Programming Master 

bilities in group 1111 will also only be used for 
extension purposes but are not yet allocated. 

The combination OOOOXXX has been defined 
as a special group. The following addresses 
have been allocated: 

FIRST BYTE 

Slave 
Addrea8 R/W 

0000 000 0 General call address 
0000 000 1 Start byte 

0000 001 X CBUS address 
0000 010 X Address reserved for 

different bus format 

0000 011 X 

} ... -0000 100 X 
0000 101 X 
0000 110 X 
0000 111 X 

No device is allowed to acknowledge at the 
reception of the start byte. 

The CBUS address has been reserved to 
enable the Intermixing of CBUS and 12c 
devices in one system. 12C bus devices are 
not allowed to respond at the recaption of this 
address. 

The address reserved for a different bus 
format is included to enable the mixing of 12C 
and other protocols. Only 12c devices that are 
able to work with such formats and protocols 
are allowed to respond to this address. 

General Cell Addre .. 
The general call address should be used to 
address every davica connected to the 12c 
bus. However, if a device does not need any 
of the data supplied within the general call 
structure, it can Ignore this address by not 
acknowledging. If a· device does require data 
from a general call address, it will acknowl-
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edge this address and behave as a slave 
receiver. The second and following bytes will 
be acknowledged by every slave receiver 
capable of handling this data. A slave which 
cannot process one of these bytes must 
Ignore it by not acknowledging. 

The meaning of the general call address is 
always specified in the second byte (Figure 
11). 

There are two cases to consider: 
1. When the least significant bit B is a zero. 
2. When the least significant bit B is a one. 

When B is a zero, the second byte has the 
following definition: 

00000110 (H' OS') Reset and write the pro
grammable part of slave 
address by software and 
hardware. On receiving this 
two-byte sequence, all de
vices (designed to respond 
to the general call address) 
will reset and take in the 
programmable part of their 
address. 
Precautions must be taken 
to ensure that a device is 
not pulling down the SDA 
or SCl line after applying 
the supply voltage, since 
these low levels would 
block the bus. 

00000010 (H'02') Write slave address by 
software only. All devices 
which obtain the program
mable part of their address 
by software (and which 
have been designed to re
spond to the general call 
address) will enter a mode 
in which they can be pro
grammed. The device will 
not reset. 

I 
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An example of a data transfer of a program
ming master is shown in Figure 12 (ABCD 
represems the fixed part of the address). 

00000100 (H'04') Write slave address by 
hardware only. All devices 
which define the program
mable part of their address 
by hardware (and which re
spond to the general call 
address) will latch this pro
grammable part at the re
ception of this two-by1e se
quence. The device will not 
reset. 

00000000 (H'OO') This code is not allowed to 
be used as the second 
by1e. 

Sequences of programming procedure are 
published in the appropriate device data 
sheets. 

The remaining codes have not been fixed and 
devices must ignore these codes. 

When B is a one, the two-by1e sequence is a 
hardware general call. This means that the 
sequence is transmitted by a hardware mas
ter device, such as a keyboard scanner, 
which cannot be programmed to transmit a 
desired slave address. Since a hardware 
master does not know in advance to which 
device the message must be transferred, It 
can only generate this hardware general call 
and its own address, thereby identifying itself 
to the system (Figure 13). 

The seven bits remaining In the second by1e 
contain the device address of the hardware 
master. This address Is recognized by an 
intelligent device, such as a microcomputer, 
connected to the bus which will then direct 
the information coming from the hardware 
master. If the hardware master can also act 
as a slave, the slave address is idemical to 
the master address. 

In some systems an alternative could be that 
the hardware master transmitter is brought in 
the slave receiver mode after the system 
reset. In this way, a system configuring mas
ter can tell the hardware master transmitter 
(which Is now in slave receiver mode) to 
which address data must be sent (Figure 14). 
After this programming procedure, the hard
ware master remains In the master transmit
ter mode. 

Start Byte 
Microcomputers can be connected to the 12C 
bus in two ways. If an on-chip hardware 12C 
bus interface is present, the microcomputer 
can be programmed to be Interrupted only by 
requests from the bus. When the device 
possesses no such interface, it must con
stantly monitor the bus via software. Obvious-
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Figure 13. Data Transfer From Hardware Master Transmitter 
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a. Configuring master sends dump addreea to hardware master 

s DUMP ADDR FROM H/W IIASIl!R 1 R/W 1 A 1 DATA 1 A 1 DATA I A P 

n 
WRITE (n BYTES + ACKIIOWI.EDGfj 

b. Hardware master dumps data to selectad llave device 

Figure 14. Data Transfer of Hardware Maltar TranlmHter Cspsble of Dumping 
Data DlniCtly to Slave Devlcel 

ri ri 
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Figure 15. Start Byte Procedure 

Iy, the more times the microcomputer moni
tors, or polls, the bus, the less time it can 
spend carrying out its Imended function. 

Therefore, there is a difference in speed 
between fast hardware devices and the rela
tively slow microcomputer which relies on 
software polling. . 

In this case, data transfer can be preceded by 
a start procedure which is much longer than 
normal (Figure 15). The start procedure con
sista of: 

a) A start condition, (S) 
b) A start by1e 00000001 
c) An acknowledge clock pulse 
d) A repeated start condition, (Sr) 

After the start condition (S) has been trans
mitted by a master requiring bus access, the 
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start by1e (00000001) is transmitted. Another 
microcomputer can therefore sample the 
SDA line on a low sampling rate until one of 
the seven zeros in the start byte Is detected. 
After detection of this Low level on the SDA 
line, the microcomputer is then able to switch 
to a higher sampling rate in order to find the 
second start condition (Sr) which is then used 
for synchronization. 

A hardware receiver will reset at the reception 
of the second start condition (Sr) and will 
therefore ignore the start by1e. 

After the start by1e, an acknowledge-related 
clock pulse is generated. This is present only 
to conform with the byte handling format used 
on the bus. No device Is allowed to acknowl
edge the start by1e. 
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Figure 16. Data Format of Transmissions With CBUS Receiver/Transmitter 

CBUS Compatibility 
Existing CBUS receivers can be connected to 
the 12C bus. In this case, a third line called 
OLEN has to be connected and the acknowl
edge bit omitted. Normally, 12C transmissions 
are multiples of a-bit bytes; however, CBUS 
devices have different formats. 

In a mixed bus structure, 12C devices are not 
allowed to respond on the CBUS message. 
For this reason, a special CBUS address 
(0000001 X) has been reserved. No 12c de
vice will respond to this address. After the 
transmission of the CBUS address, the OLEN 
line can be made active and transmission, 
according to the CBUS format, can be per
formed (Figure 16). 

After the stop condition, all devices are again 
ready to accept data. 

Master transmitters are allowed to generate 
CBUS formats after having sent the CBUS 
address. Such a transmission is terminated 
by a stop condition, recognized by all devices. 
In the low speed mode, full a-bit bytes must 
always be transmitted and the timing of the 
OLEN signal adapted. 

If the CBUS configuration is known and no 
expansion with CBUS devices is foreseen, 
the user is allowed to adapt the hold time to 
the specific requirements of device(s) used. 

ELECTRICAL SPECIFICATIONS 
OF INPUTS AND OUTPUTS OF 
12C DEVICES 
The 12C bus allows communication between 
devices made in different technologies which 
might also use different supply voltages. 

For devices with fixed input levels, operating 
on a supply voltage of +5V±10%, the fol
lowing levels have been defined: 

VILmax - 1.5V (maximum input Low 
voltage) 
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Figure 17. Fixed Input level Devices Connected to the 12C Bus 

Figure 18. Devices With a Wide Ragge of Supply Voltages Connected 
to the I C Bus 

VIHmin = 3V (minimum input High 
voltage) 

Devices operating on a fixed supply voltage 
different from +5V (e.g. 12l), must also have 
these input levels of 1.5V and 3V for VIL and 
VIH, respectively. 

For devices operating over a wide range of 
supply voltages (e.g. CMOS), the following 
levels have been defined: 

VILmax - 0.3Vee (maximum input low 
voltage) 

VIHmin - 0.7Vee (minimum input High 
voltage) 

For both groups of devices, the maximum 
output low value has been defined: 

VOLmax = 0.4V (max. output voltage low) 
at 3mA sink current 
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The maximum low-level input current at 
VOLmax of both the SOA pin and the SCl pin 
of an 12C device is -101lA, including the 
leakage current of a possible output stage. 

The maximum high-level input current at 
0.9Vee of both the SOA pin and SCl pin of an 
12C device is 10llA, including the leakage 
current of a possible output stage. 

The maximum capacitance of both the SOA 
pin and the SCl pin of an 12C device is 1 OpF. 

Devices with fixed input levels can each have 
their own power supply of +5V±10%. Pull
up resistors can be connected to any supply 
(see Figure 17). 

However, the devices with input levels related 
to Vee must have one common supply line to 
which the pull-up resistor is also connected 
(see Figure 18). 

I 
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When devices with fixed input levels are 
mixed with devices with Voo-related levels, 
the latter devices have to be connected to 
one common supply line of + 5V ± 10% along 
with the pull-up resistors (Figure 19). 

Input levels are defined in such a way that: 

1. The noise margin on the Low level is 0.1 
Voo· 

2. The noise margin on the High level is 0.2 
Voo· 

3. Series resistors (Rs).. up to 300n can be 
used for flash-over protection against high 
voltage spikes on the SDA and SCL line 
(due to flash-over of a TV picture tube, for 
example) (Figure 20). 

The maximum bus capacitance per wire is 
400pF. This includes the capacitance of the 
wire itself and the capacitance of the pins 
connected to it. 

TIMING 
The clock on the 12C bus has a minimum Low 
period of 4.7 /lS and a minimum High period of 
4/lS. Masters in this mode.can generate a bus 
clock with a frequency from 0 to 100kHz. 

All devices connected to the bus must be 
able to follow transfers with frequencies up to 
100kHz, either by being able to transmit or
receive at that speed or by applying the clock 
synchronization procedure which will force 
the master into a wait state and stretch the 
Low periods. In the latter case the frequency 
is reduced. . 

Figure 21 shows the timing requirements· in 
detail. A description of the abbreviations used 
is shown in Table 2. All timing references are 
at VILmax and VILmin. 

SDA 

SCL 

VDO\=5V,;,IO% 

mM.~~~--~~---+-r--~~----+-r
~L----~----~~----~------+-----~-

Figure 19. Devices With Voo Related Levels Mixed With Fixed Input Level 
Devices on the I C Bus 

Voo vDD 

lis lis 

S~~~~----+--+ __ ~ __ +
~L----+-------~----~-

Figure 20. Serial Resistors (Rs) for Protection Against High Voltage 

LOW-SPEED MODE 
As explained previously, there is a difference 
in speed on the 12C bus between fast hard
ware devices and the relatively slow micro
computer which relies on software polling. 
For this reason a low speed mode is available 
on the 12C bus to allow these microcomputers 
to poll the bus less often. 

Start and Stop Conditions 
In the low-speed mode, data transfer is pre
ceded by the start procedure. 

Data Format and Timing 
The bus clock in this mode has a Low period 
of 130j.ts ± 25j.ts and a High period of 
390j.ts ± 25j.ts, resulting in a clock frequency 
of approx. 2kHz. The duty cycle of the clock 
has this Low-to-High ratio to allow for more 
efficient use of microcomputers without an 
on-chip hardware 12C bus interface. In this 
mode also, data transfer with acknowledge is 
obligatory. The maximum number of bytes 
transferred is not limited (Figure 22). 

Figure 21. Timing Requirements for the 12C Bus 
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Table 2. Timing Requirement for the 12C Bus 

LIMITS 
SYMBOL PARAMETER UNIT 

Min Max 

fSCl SCl clock frequency 0 100 kHz 

tBUF Time the bus must be free before a new transmission can start 4.7 IlS 

tHO; STA Hold time start condition. After this period the first clock pulse is generated 4 IlS 

tLOw The low period of the clock 4.7 I1S 

tHIGH The High period of the clock 4 I1s • tsu; STA Setup time for start condition (Only relevant for a repeated start condition) 4.7 I1S 

tHO; OAT Hold time DATA 
for CBUS compatible masters 5 I1S 
for 12C devices o· I1S 

tsu; OAT Setup time DATA 250 ns 

tR Rise time of both SDA and SCl lines 1 I1S 

tF Fall time of both SDA and SCl lines 300 ns 

tsu; STO Setup time for stop condition 4.7 I1S 

NOTES: 
All values referenced to V,H and V,L levels. 
• Note that a transmitter must internally provide a hold time to bridge the undefined region (300ns max.) of the falling edge of SeL. 

SDAf"l-!------T.2~ N C~~ 
I I I I I I SCLn 0- ~~ r:' r:' 11' ~~V-\AI!1 :s:V 1 V 2-7 V 8 V 9 V: Sr : V" Ipi 
..... ....1 I IL...--.....J L...--1 , 'L---.J' ,~ L--.J 

CONsr:::oN SI"ARI" BYTE ACKN~DGE R~'i:rED ADDRESS ACK DATA n BYTES ACK I CO:ON 

(HIGH) CONDIIlON 

Figure 22. Data Transfer Low-Speed Mode 

SUA 

SCL 

~------~~H------~ 

Figure 23. Timing Low-Speed Mode 
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LOW SPEED MODE 

CLOCK 
DUTY CYCLE 

START BYTE 
MAX. NO. OF BYTES 
PREMATURE TERMINATION OF TRANSFER 
ACKNOWLEDGE CLOCK BIT 
ACKNOWLEDGEMENT OF SLAVES 

Table 3. Timing Low Speed Mode 

SYMBOL 

: tLOW - 130j.lS ± 25j.1S 
: tHIGH - 390j.lS ± 25j.1S 
: 1:3 Low-to-Hlgh (Duty cycle of 

clock generator) 
: 0000 0001 
: UNRESTRICTED 
: NOT ALLOWED 
: ALWAYS PROVIDED 
: OBLIGATORY 

PARAMETER 

tBUF Time the bus must be free before a new transmission can start 

In this mode, a transfer cannot be terminated 
during the transmission of a byte. 

The bus is considered busy afte'r the first start 
condition. It is considered free again one 
minimum clock Low period, 105j.1S, after the 
detection of the stop condition. Figure 23 
shows the timing requirements in detail, Table 
3 explains the abbreviations. 

LIMITS 
UNIT 

Min Max 

105 j.ts 

tHO: STA Hold time start condition. After this period the first clock pulse is generated 365 j.IS 

tHO; STA Hold time (repeated start condition only) 210 j.ts 

tLOW The Low period of the clock 105 155 j.IS 

tHIGH The High period of the clock 365 415 j.IS 

tsu; STA Setup time for start condition (Only relevant for a repeated start condition) 105 155 j.IS 

tHO; tOAT Hold time DATA 
for CBUS compatible masters 5 j.IS 

for 12C devices O' j.ts 

tau; OAT Setup time DATA 250 ns 

tR Rise time of both SDA and SCL lines 1 j.IS 

tF Fall time of both SDA and SCL lines 300 ns 

tsu; STO Setup time for stop condition 105 155 j.IS 

NOTES: 
All values referenced to VIH and VIL levels. 
• Note that a transmitter must internally provide a hold time to bridge the undefined region (3OOns max.) of the falling edge of SeL. 
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APPENDIX A 
Maximum and minimum values of the pull-up 
resistors Rp and series resistors Rs (Sea 
Figure 20). 

In a 12C bus system these values depend on 
the following parameters: 

- Supply voltage 
- Bus capacitance 
- Number of devices (input current + leak-

i 

age current) 
1) The supply voltage limits the min

imum value of the Rp resistor due 
to the specifllld 3mA as minimum 
sink current of the output stages, 
at O.4V as maximum low voltage. 
In Graph 1, Vee against Rpmln is 
shown. 

• .----r--~----~--~ 

~ 41--+--+ 
; 
I 
o~ __ -L __ ~ ____ J-__ ~ 
o 4 12 II 

Graph 1 

The desired noise margin of 0.1 Vee for the 
low level limits the maximum value of As. 
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In Graph 2, Rsm.. against Rp is shown. 
2) The bus capacitance is the total ca

pecitance of wire, connections, and 
pins. This capacHance limits the maxi
mum value of Rp because of the 
specified rise time of 1 JIB. 

°OL----4OO~----.. ~---12OO~--~18OO 

MAXlMUMVAWE Rs(ll) 

Graph 2 
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~ .......... 
100 200 aoo 
BUS CAPACrrANCE(pF) 

Graph 3 

3·15 

400 

In Graph 3, the bus capacitance - RPmax 
relationship is shown. 

3) The m8ximum high-level input current 
of each inputloutput connection has a 
specified value of 10j./A max. Due to 
the desired noise margin of 0.2 Vee 
for the high level, this input current 
limits the maximum value of Rp. This 
limit is dependent on Vee. 

In Graph 4 the total high-level input cur
rent - RPm.. relationship is shown. 

201"'T'".,...........,.--.-----,r-----,-----. 

i II~4+~~--+--4--~ 

~ 
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o 40 so 120 180 200 
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Graph 4 

12C LICENSE 
Purchase of Signetics or Philips 120 compo
nents conveys a license under the Philips 12C 
patent rights to use these components in an 
120 system, provided that the system con
forms to the 12C standard specification as 
defined by Philips . 
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INTRODUCTION 
The 12C (Inter-IC) bus is becoming a popular 
concept which implements an innovative sarl
al bus protocol that needs to be understood. 
On the hardware level 12C is a collection of 
microcomputers (MAB8400, PCD3343, 
83C351, 84CXX) and peripherals (lCD/lED 
drivers, RAM, ROM, clock/timer, A/D, D/A, 
IR transcoder, 110, DTMF generator, and 
various tuning circuits) that communicate seri
ally over a two-wire bus, serial data (5DA) 
and serial clock (5Cl). The 12C structure is 
optimized for hardware simplicity. Parallel 
address and data busas inherent in conven
tional systems are replaced by a sarial proto
col that transmits both address and bidirec
tional data over a 2-line bus. This means that 
interconnecting wires are reduced to a mini
mum; only V ce, ground and the two-wire bus 
are required to link the controller(s) with tha 
peripherals or other controllers. This results in 
reduced chip size, pin count, and intercon
nections. An 12C system is therefore smaller, 
simpler, and cheaper to implement than its 
parallel counterpart. 

The data rate of the 12C bus makes it suited 
for systems that do not require high speed. 
An 12C controller is well suited for usa in 
systems such as television controllers, tele
phone sats, appliances, displays or applica
tions involving human interface. Typically an 
12C system might be used in a control func
tion where digitally-controllable elements are 
adjusted and monitored via a central proces
sor. 

The 12C bus is an innovative hardware inter
face which provides the software designer 
the flexibility to create a truly multi-master 
environment. Built into the serial interface of 
the controllers are status registers which 
monitor all possible bus conditions: bus free/ 
busy, bus contention, slave acknowledge
ment, and bus interference. Thus an 12C 
system might include several controllers on 
the same bus each with the ability to asyn
chronously communicate with peripherals or 
each other. This provision also provides ex
pandability for future add-on controllers. (The 
12C system is also ideal for usa in environ
ments where the bus is subject to noisa. 
Distorted transmissions are immediately de
tected by the hardware and the information 
presented to the software.) A slave acknowl-

February 1987 

AN168 
The Inter-Integrated Circuit (12C) 
Serial Bus: Theory and 
Practical Consideration 
Application Note 

edgement on every byte also facilitates data 
integriiy. 

An 12c system can be as simple or sophisti
cated as the operating environment de
mands. Whether in a single master or multi
master system, noisy or 'safe', correct sys
tem operation can be insured under software 
control. 

CONTROLLERS 
Currently the family of 12C controllers Include 
the MAB8400, and the PCD 3343 (the 
PCD3343 is baSically a CMOS version of the 
MAB8400). The MAB8400 is based on the 
8048 architecture with the 12c Interface built
in. The instruction sat for the MAB8400 is 
similar to the 8048, with a few instructions 
added and a few deleted. Tables 1 and 2 
summarize the differences. 

Programs for tha MAB8400 and PCD 3343 
may be assambled on an 8048-assambler 
using the macros listed in Appendix A. The 
sariall/O Instructions Involve moving data to 
and from the SO, 51, and 52 serial 110 control 
registers. The block diagram of the 12C inter
face is shown in Figure 1. 

SERIAL 1/0 INTERFACE 
A block diagram of the Serial Input/Output 
(510) is shown in Figure 1. The clock line of 
the sarial bus (SCl) has exclusive use of Pin 
3, while the Serial Data (5DA) line shares Pin 

2 with parallel I/O signal P23· of port 2. 
Consaquently, only three I/O lines are avail
able for port 2 when the 12c interface is 
enabled. 

Communication between the microcomputer 
and interface takes place via the intemal bus 
of tlie microcomputer and the Serial Interrupt 
Request line. Four registers are used to store 
deta and information controlling the operation 
of the interface: 
• data shift register SO 
• address register SO' 
• status register 51 
• clock control register 52. 

THE 12(: BUS INTERFACE: 
SERIAL CONTROL REGISTERS 
SO, S1 
All serial 12C transfers occur between the 
accumulator and register SO. The 12c hard
ware takes care of clocking out/in the data, 
and receMng/ generating an acknowledge. In 
addition, the state of the 12c bus is controlled 
and monitored via the bus control register 51. 
A definition of the registers is as follows: 

Data Shift Register SO - SO is the data shift 
register used to perform the conversion be
tween serial and parallel data formal All 
transmissions or receptions take place 
through register SO M5B first. All 12C bus 
receptions or transmissions involve moving 
data to/from the accumulator from/to SO. 

Table 1. MAB8400 Family Instructions not in the MAB8048 Instruction Set 

SERIAL I/O REGISTER CONTROL 
CONDITIONAL 

BRANCH 

MOV A,5n DEC @Rr SEl MB2 JNTF addr 
MOV Sn,A DJNZ @Rr,addr SEl MB3 
MOV Sn,#data 
EN 51 
DIS SI 

Table 2. MAB8048 Instructions not In the MAB8400 Family Instruction Set 

DATA MOVES FLAGS BRANCH CONTROL 

MOVX A,@R ClR FO *JNI addr ENTOClK 
MOVX @R,A CPl FO JFO addr 
MOVP3 A,@A ClR Fl JFl addr 
MOVD A,P CPl Fl 
MPVD P,A 
ANlD P,A *replaced by 
ORlD P,A JTO, JNTO 

3-16 
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BIT 7 
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SI 

CLOCK 

SERIAl. CLOCK PULSE GENERATOR PROGR. COUNTER .. ----INTERNAL CLOCK 

Figure 1. Block Diagram of the MAB8400 SIO Interface 

Addre .. Register SO' - In multi-master 
systems, this register is loaded with a control
ler's slave address. When activated, 
(ALS = 0), the hardware will recognize when 
it is being addressed by setting the AAS 
(Addressed As Slave) flag. This provision 
allows a master to be treated as a slave by 
other masters on the bus. 

Statua Reglater 61 - S1 is the bus status 
register. To control the SIO interface, infor
mation is written to the register. The lower 4 
bits in S1 serve dual purposes; when written 
to, the control bits ESO, BC2, BC1, BCO are 
programmed (Enable Serial Output and a 3-
bit counter which indicates the current num
ber of bits left in a serial transfer). When 
reading the lower four bits, we obtain the 
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status information AL, AAS, ADO, LRB (Arbi
tration Lost, Addressed As Slave, Address 
Zero (the general call has been received), the 
Last Received Bit (usually the acknowledge 
bit». The upper 4 bits are the MST, TRX, BB, 
and PIN control bits (Master, Transmitter. Bus 
Busy, and Pending Interrupt Not). These bits 
define what role the controller has at any 
particular time. The values of the master and 
transmitter bits define the controller as either 
a master or slave (a master initiates a transfer 
and generates the serial clock; a slave does 
not), and as a transmitter or receiver. Bus 
Busy keeps track of whether the bus is free or 
not, and is set and reset by the 'Start' and 
'Stop' conditions which will be defined. Pend
ing Interrupt Not is reset after the completion 
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of a byte transfer + acknowledge, and can be 
polled to indicate when a serial transfer has 
been completed. An alternative to polling the 
PIN bit is to enable the serial interrupt; upon 
completion of a byte transfer, an interrupt will 
vector program control to location 07H. 

SERIAL CLOCKI ACKNOWLEDGE 
CONTROL REGISTER S2 
Register S2 contains the clock-control regis
ter and acknowledge mode bit. Bits 
S20 - S24 program the bus clock speed. Bit 
826 programs the acknowledge or not-ac
knowledge mode (1/0). The various 12C bus 
clock speed possibilities are shown in 
Table 3. 
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Table 3. Clock Pulse 
Frequency Control 
When Using a 4.43MHz Crystal 

HEX APPROX. 
S2O-S24 DIVISOR fCLOCK 

CODE (kHz) 

0 Not Allowed 
1 39 114 
2 45 98 
3 51 87 
4 63 70 
5 75 59 
6 87 51 
7 99 45 
8 123 36 
9 147 30 
A 171 26 
B 195 23 
C 243 18 
D 291 15 
E 339 13 
F 387 11 
10 483 9.2 
11 579 7.7 
12 675 6.6 
13 771 5.8 
14 963 4.6 
15 1155 3.8 
16 1347 3.3 
17 1539 2.9 
18" 1923 2.3 
19' 2307 1.9 
lA' 2691 1.7 
lB' 3075 1.4 
lC 3843 1.2 
lD 4611 1.0 
IE 5379 0.8 
IF 6147 0.7 

'only values that may be uoed In tho low speed modo 
CASC-I). 

These speeds represent the frequency of the 
serial clock bursts and do not reflect the 
speed of the processor's main clock (i.e. ~ 
controls the bus speed and has no effect on 
the CPU's execution speed). 

BUS ARBITRATION 

The losing Master is now configured as a 
slave which could be addressed during this 
very same cycle. These provisions allow for a 
number of microcomputers to exist on the 
same bus. W~h properly written subroutines, 
software for anyone of the controllers may 
regard other masters as transparent. 

12C PROTOCOL AND 
ASSEMBLY LANGUAGE 
EXAMPLES 
12C data transfers follow a well-defined prota
col. A transfer always takes place between a 
master and a slave. Currently a microcompu
ter can be master or slave. while the 'CLIPS' 
peripherals are always slaves. In a 'bus-free' 
condition, both SCL and SDA lines are kept 
logical high by external pull-up resistors. All 
bus transfers are bounded by a 'Start' and a 
'Stop' condition. A 'Start' condition is defined 
as the SDA line making a high-ta-Iow transi
tion while the SCL line Is high. At this point, 
the Internal hardware on all slaves are acti
vated and are prepared to clock-in the next 8 
blls and interpret it as a 7 -bit address and a 
AIW control bit (MSB first). All slaves have an 
internal address (moat have 2 - 3 program
mable address bits) which is then compared 
with the received address. The slave that 
recognized its address will respond by pulling 
the data line low during a ninth clock generat
ed by the master (all 12c byte transfers 
require the master to genarate 8 clock pulses 
plus a ninth acknowledge-related clock 
pulse). The slave-acknowledge will be regiS
tered by the master as a '0' appearing in the 
LAB (Last Aeceived Bit) position of the S 1 
serial 110 status register. If this bit is high 

MAB 
8400 

SCL 

AZ 

I/O EXPANDOR 
ADDR= '40'H 
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after a transfer attempt, this indicates that a 
slave did not acknowledge, and that the 
transfer should be repeated. 

After the desired slave has acknowledged its 
address, it is ready to either send or receive 
data in response to the master's driving 
clock. All other slaves have withdrawn from 
the bus. In addition, for multi-master systems, 
the start condition has set the 'Bus Busy' bit 
of the serial I/O register SI on all masters on 
the bus. This gives a software indication to 
other masters that the bus is in use and to 
wait until the bus is free before attempting an 
access. 

There are two types of 12C peripherals that 
now must be defined: there are those with 
only a chip address such as the I/O expan
der, PCF8574, and those with a chip address 
plus an internal address such as the static 
AAM, PCF8570. Thus aiter sending a start 
condition, address, and A/W bit, we must 
take into account what type of slave is being 
addressed. In the case of a slave with only a 
chip address, we have already indicated its 
address and date direction (A/W) and are 
therefore ready to send or receive data. This 
is performed by the master generating bursts 
of 9 clock pulses for each byte that is sent or 
received. The transaction for writing one byte 
to a slave with a chip address only is shown in 
Figure 3. 

In this transfer, all bus activity is invoked by 
writing the appropriate control byte to the 
serial 110 control register SI, and by moving 
data to/from the serial bus buffer register SO. 
Coming from a known state (MOV SI,#18H
Slave, Aeceiver, Bus not Busy) we first load 
the serial 110 buffer SO with the desired 

Vce 

RAM (128-BYTEj 
ADDR ='AO'H 

TCO""" 

Due to the wire-AND configuration of the 12c 
bus, and the self-synchronizing clock circuitry 
of 12C masters, controllers with varying clock 
speeds can access the bus without clock 
contention. During arb~ation, the resultant 
clock on the bus will have a low period equal 
to the longest of the low periods; the high 
period will equal the shortest of the high 
periods. Similarly, when two masters attempt 
to drive the data line simultaneously, the data 
Is 'ANDed', the master generating a low while 
the other Is drMng a high will win arbitration. 
The resultant bus level will be low. and the 
loser will withdraw from the bus and set Its 
'Arbitration Lost' flag (SI bit 3). 

Figure 2. Schematic for Assembly Examples 
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SCL--hnnnnnnn~n 
:u~u, 
I ADDRE'ss '-' I 

[lJlJ1fLflJUlJl~r-
I OATA '2AH' I 

I START I 
I CONOITION 1 

I I STOP 
I I CONDITION 

I I I I 

1 
MOV Sl,#18H ;Initialize Sl-Slave, Receiver, Bus not 

;Busy, Enable Serial 1/0. 
MOV SO,#40H ;Preload SO with Slave's address & 

;R/W bit. 

MOV Sl,#OF8H ;Invoke start condition & slave address 
;(Master, Transmitter, Bus Busy, Enable 
;Serial 1/0, Bit Counter = 000). 
;Check for transmission complete, ack. 
; received , no arbitration, etc. 

CALL ACKWT: 

MOV A,#2AH ;Get a data byte. 

MOV SO,A -------' 
CALL ACKWT: 

;Transmit data byte. 

MOV Sl,#OD8H ____ ..J 

;Wait for transmission complete again. 
;Generate Stop condition 

slave's address (MOV SO,#40H), To transmit 
this preceded by a start condition, we must 
first examine the control register Sl, which, 
after initialization, looks like this: 

MAS- BUS 
TER TRANS BUSY PIN ESO BC2 SCI BCO 

101010111 1 10101 0 1 

To transmit to a slave, the Master, Transmit
ter, Bus Busy, PIN (Pending Interrupt Not), 
and ESO (Enable Serial Output) must be set 
to a 1. This results in an 'F8H' being written to 
Sl. This word defines the controller as a 
Master Transmitter, invokes the transfer by 
setting the 'Bus Busy' bit, clears the Pending 
Interrupt Not (an inverted flag indicating the 
completion of a complete byte transfer), and 
activates the serial output logic by setting the 
Enable Serial Output (ESO) bit. 

BIT COUNTER S12, S11, S10 
BC2, BC1, and BCO comprise a bit-counter 
which indicates to the logic how long the 
word is to be clocked out over the serial data 
line. By setting this to a OOOH, we are telling it 
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;(Master, Transmitter, Bus not Busy). 

Figure 3 

to produce 9 clocks (8 bits plus an acknowl
edge clock) for this transfer. The bit counter 
will then count off each bit as it is transmitted. 
The bit counter possibilities are shown in 
Table 4. 

Thus the bit counter keeps track of the 
number of clock pulses remaining in a serial 
transfer. Additionally, there is a not-acknowl
edge mode (controlled through bit 6 of clock 
control register 52) which inhibits the ac
knowledge clock pulse, allowing the possibili
ty of straight serial transfer. We may thus 
define the word size for a serial transfer (by 

preloading BC2, BC1, BCO with the appropri
ate control number), with or without an ack
nowledge-related clock pulse being generat
ed. This makes the controller able to transmit 
serial data to most any serial device regard
less of its protocol (e.g., C-bus devices). 

CHECKING FOR SLAVE 
ACKNOWLEDGE 
After a 'Start' condition and address have 
been issued, the selected slave will have 
recognized and acknowledged its address by 

Table 4_ Binary Numbers In Bit-Count Locations BC2, BCl and BCO 

BC2 BCl BCO BITS/BYTE BITS/BYTE 
WITHOUT ACK WITH ACK 

0 0 1 1 2 
0 1 0 2 3 
0 1 1 3 4 
1 0 0 4 5 
1 0 1 5 6 
1 1 0 6 7 
1 1 1 7 8 
0 0 0 8 9 
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pulling the data line low during the ninth clock 
pulse. During this period, the software (which 
runs on the processor's 4MHz clock) will 
have been either waiting for the transfer to be 
completed by polling the PIN bit in Sl which 
goes low on completion of a transfer/recep
tion (whose length is defined by the pre
loaded Bit-counter value), or by the hardware 
in Serial Interrupt mode. The serial interrupt 
(vectored to 07H) is enabled via the EN SI 
(enable serial interrupt) instruction. 

ACKWT: MOV A,Sl 

JB4 ACKWT 

JBO BUSERR 

RET 

;Get bus status word 
;from Sl. 
;Poll the PIN bit 
;untif it goes low 
;indicating transfer 
;completed 
;Jump to BUSERR 
;routine if acknowledge 
;not received. 

Application Note 
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;transfer complete, 
;acknowledge received - return. At the point when PIN goes low (or the serial 

interrupt is received) the 9-bit transfer has 
been completed. The acknowledgement bit 
will now be in the lRB position of register Sl, 
and may be checked in the routine' ACKWT' 
(Wait for Acknowledge) as shown in Figure 4. 

Figure 4 

This routing must go one step further in mUlti
master systems; the possibility of an Arbitra
tion lost situation may occur if other masters 
are present on the bus. This condition may be 
detected by checking the 'Al' bit (bit 3). If 
arbitration has been lost, provisions for re
attempting the transmission should be taken. 
If arbitration is lost, there is the possibility that 
the controller is being addressed as a Slave. 
If this condition is to be recognized, we must 
test on the 'AAS' bit (bit 2). A 'General Call' 
address (OOH) has also been defined as an 
'all-call' address for all slaves; bit 1, ADO, 
must be tested if this feature is to be recog
nized by a Master. 

After a successful address transfer / acknowl
edge, the slave is ready to be sent its data. 
The instruction MOV SO,A will now automati
cally send the contents of the accumulator 
out on the bus. After calling the ACKWT 
routine once more, we are ready to terminate 
the transfer. The Stop condition is created by 
the instruction 'MOV Sl, #OD8H'. This re
sets the bus-busy bit, which tells the hard
ware to generate a Stop - the data line 
makes a low-to-high transition while the clock 
remains high. All bus-busy flags on other 
masters on the bus are reset by this signal. 

The transfer is now complete - PCF8574 
liD Expandor will transfer the serial data 
stream to its 8 output pins and latch them 
until further update. 
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MASTER READS ONE BYTE 
FROM SLAVE 
A read operation is a similar process; the 
address, however, will be 41H, the lSB 
indicating to the I/O device that a read is to 
be performed. During the data portion of a 
read, the I/O port 8574 will transmit the 
contents of its latches in response to the 
clock generated by the master. The Master / 
Receiver in this case generates a low-level 
acknowledge on reception of each byte (a 
'positive' acknowledge). Upon completion of 
a read, the master must generate a 'negative' 
acknowledge during the ninth clock to indi
cate to the slaves that the read operation is 
finished. This is necessary because an arbi
trary number of bytes may be read within the 
same transfer. A negative acknowledge .con' 
sists of a high signal on the data line during 
the ninth clock of the last byte to be read. To 
accomplish this, the master 8400 must leave 
the acknowledge mode just before the final 
byte, read the final byte (producing only 8 
clock pulses), program the bit-counter with 
001 (preparing for a one-bit negative ac
knowledge pulse), and simply move the con
tents of SO to the accumulator. This final 
instruction accomplishes \Wo things simulta
neously: it transfers the final byte to the 
accumulator and produces one .clock pulse 
on the SCl line. The structure of the serial 
I/O register SO is such that a read from it 
causes a double-buffered transfer from the 
12C bus to SO, while the original contents of 
SO are transferred to the accumulator. Be
cause the number of clocks produced on the 
bus is determined by the control number in 
the Bit Counter, by presetting it to 001, only 
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one clock is generated. At this point in time 
the slave is still waiting for an acknowledge; 
the bus is high due to the pull-up, as single 
clock pulse in this condition is interpreted as 
a 'negative' acknowledge. The slave has now 
been informed that reading is completed; a 
Stop condition is now generated as before. 
The read process (one byte from a slave with 
only a chip address) is shown in Figure 5. 
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RC 

ACKNOWLEDGE 

MOV S1,#18H 

MOV SO,#41H 

MOV S1,#OF8H 

CALL ACKWT 

MOV S2'#0:~ 1 MOVSO,A~ 
MOV A,S1 

JB4 Wait 
MOV S1,#OA9H 

MOV A,SO ----' 

MOV S1,#OD8H ----' 

t 

;Initialize serial 110 control 
;register. 
;Preload serial register SO 
;with slave address and RD 
;control bit. 
;Send address to bus along with 
;start condition. 
:Wait for acknowledge (as 
;before). 
;Leave acknowledge mode. 
;Read data from slave to SO. 
;Test for byte received by 
;testing S1 PIN bit. 
;Wait until PIN received. 
;Set Bit Counter to 1 and 
;become a receiver (A9 = 
;Mst,Rec,Bus Busy,Blt Coutner = 
;001). 
;Move data to accumulator and 
;clock out a negative 
;acknowledge. 
;Generate Stop Condition. 

Figure 5 
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COMMUNICATION WITH PERIPHERAL REQUIREO 

MOVS1.#18H ;Initialize bus-status register 
;Master, Transmitter, 
;Bus-not-Busy. Enable SIO. 

MOV SO. #OAOH ;Load SO with RAM's chip 
;address. 

MOV S1, #OF8H ;Start condo and transmit 
;address. 

CALL ACKWT ;Wait until address received. 
MOVA,#OOH ;Set up for transmitting RAM 

;Iocation address. 
MOVSO,A ;Transmit first RAM address. 
CALL ACKWT ;Wait. 
MOVS1,#18H ;Set up for a repeated Start 

;condition. 
MOV A,#OA1H ;Get RAM chip address & RD bit. 
MOVSO,A ;Send out to bus 
MOV S1,#OF8H ; preceded by repeated Start. 

CALL ACKWT ;Wait. 
MOVA,SO ;First data byte to SO. 
CALL ACKWT ;Wait. 
MOVA,SO ;Second data byte to SO. 

;And First data byte to Acc. 
CALL ACKWT ;Wait. 
MOVRO,A ;Save first byte in RO. 
MOVA,SO ;Third data byte to SO 

;and second data byte to Acc. 
CALL ACKWT ;Wait. 
MOVR1,A ;Save second data byte 

;in R1. 
MOV S2,#01H ;Leave ack. mode. 

;Bit Counter=001 for neg ack. 
MOVA,SO ;Third data byte to acc 

;negative ack. generated. 
MOVR2,A ;Save third data byte in R2. 

WAIT1: MOVA,S1 ;Get bus status. 
JB4WAIT1 ;Wait until transfer complete. 
MOV S1,#OD8H ;Stop condition. 
MOV S2,#41H ;Restore acknowledge mOde. 

Figure 6. Flowchart for Reading/Writing One Byte to an 12C 
Peripheral; Single-Master, SIngle-Address Slave 

Figure 7 

These examples apply to a slave with a chip 
address - more than one byte can be Writ
ten/read within the same transfer; however, 
this option Is more applicable to 12C devices 
with sub-addresses such as the· static RAMs 
or Clock/Calendar. Irl the case of these types 
of devices, a slightly different protocol is 
used. The RAM, for example, requires a chip 
address . and an internal memory location 
before it can deliver or accept a byte of 
informatiOn. During a write operation. this is 
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done by simply writing the secondary address 
right after the chip address - the peripheral 
is designed to interpret the second byte as an 
internal address. In the case of a Read 
operation, ihe slave peripheral must send 
data back to the Master after it has been 
addressed and sub-addressed. To accom
plish this, first the Start, Address, and Sub
address is transmitted. Then we have a 
repeated start condition to reverse the direc
tion of the data tranSfer, followed by the chip 
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address and RD, then a data string (w/ 
acknowledges). This repeated Start does not 
affect other peripherals - they have been 
deactivated and will not reactivate until a 
Stop condition is detected. 12C peripherals 
are equipped with auto-incrementing logic 
which will automatically transmit or receive 
data in consecutive (increasing) locations. 
For example, to read 3 consecutive bytes to 
PCB8571 RAM locations 00, 01 and 02, we 
use the following format as shown in Figure 7. 
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This routine reads the contents of location 00, 
01 and 02 of the PCB8571 128-byte RAM and 
puts them in registers RO, Rl, and R2. The 
auto-incrementing feature allows the pro
grammer to indicate only a starting location, 
then read an arbitrary block of consecutive 
memory addresses. The WAIT 1 loop is 
required to poll for the completion of the final 
byte because the ACKWT routine will not 
recognize the negative acknowledge as a 
valid condition. 
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BUS ERROR CONDITIONS: 
ACKNOWLEDGE NOT RECEIVED 
In the above routines, should a slave fail to 
acknowledge, the condition is detected dur
ing the 'ACKWT' routine. The occurrence 
may indicate one of two conditions: the slave 
has failed to operate, or a bus disturbance 
has occurred. The software response to ei
ther event is dependent on the system appli
cation. In either case, the 'BusErr' routine 
should reinitialize the bus by issuing a 'Stop' 
condition. Provision may then be taken to 
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repeat the transfer an arbHrary number of 
times. Should the symptom persist, either an 
error condition will be entered, or a backup 
device can be activated. 

These sample routines represent single-mas
ter systems. A more detailed analysis of multi
master/noisy environment systems will be 
treated in further application notes. Examples 
of more complex systems can be found in the 
'Software Examples' manual; publication 
9398 615 70011. I 
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APPENDIX A 
Only the 8048 assembler is capable of as
sembling MAB8400 source code when it has 
at least a "DATA" or "Define Byte" assem
bler directive, possibly in combination with a 
MACRO facility. 

MACRO DEFINITIONS 

LINE 

1 $MACROFILE 

The new instructions can be simply defined 
by MACROs. The instructions which are not 
in the MAB8400 should not be in the 
MAB8400 source program. 

An example of a macro definitions list is given 
here for the Intel Macro Assembler. 

This list can be copied in front of a MAB8400 
source program; the new instructions are 
added to the MAB8400 source program by 
calling the MACRO via its name in the op
code field and (if required) followed by an 
operand in the operand field. 

SOURCE STATEMENT 

2 ;MACROS FOR 8048 ASSEMBLER RECOGNITION 
3 ;OF 8400 COMMANDS 
4 MOVSOA 
5 DB 3CH 
6 ENDM 
7 MOVASO 
8 DB OCH 
9 ENDM 

10 MOVS1A 
11 DB 3DH 
12 ENDM 
13 MOVAS1 
14 DB ODH 
15 ENDM 
16 MOVS2A 
17 DB 3EH 
18 ENDM 
19 MOVSO 
20 DB 9CH,L 
21 ENDM 
22 MOVS1 
23 DB 9DH,L 
24 ENDM 
25 MOVS2 
26 DB 9EH,L 
27 ENDM 
28 ENSI 
29 DB 85H 
30 ENDM 
31 DISSI 

32 DB 
33 ENDM 
34; 
35; PORT 0 INSTRUCTIONS: 
36; INAPO 
37 DB 
38 ENDM 
39; 
40 OUTPOA 
41 DB 
42 ENDM 
43; 
44 ORLPO 
45 DB 
46 ENDM 
47; 
48 ANLPO 
49 DB 
50 ENDM 
51; 
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MACRO 

MACRO 

MACRO 

MACRO 

MACRO 

MACRO L 

MACRO L 

MACRO L 

MACRO 

MACRO 

95H 

MACRO 
08H 

MACRO 
38H 

MACRO L 
88H,L 

MACRO L 
98H,L 

;MOV SO,A 

;MOV A,SO 

;MOV Sl,A 

;MOV A,Sl 

;MOV S2,A 

;MOV SO,#DATA 

;MOV Sl,#DATA 

;MOV S2,#DATA 

;EN SI 

;DIS SI (Disable serial 
interrupt) 

;IN A,PO 

;OUTL PO,A 

;ORL PO,#DATA 

;ANL PO,#DATA 
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MACRO DEFINITIONS (Continued) 

LINE SOURCE STATEMENT 

February 1987 

52; DATA MEMORY INSTRUCTIONS: 
53 
54 
55 
56; 
57 
58 
59 
60; 
61; SELECT MEMORY BANK INSTRUCTIONS: 
62 
63 
64 
65; 
66 
67 
68 
69; 
70; CONDITIONAL JUMP INSTRUCTIONS: 
71 
72 
73 
74; 
75 
76 
77 
78; 
79 

80 
81 
82 
83; END OF MACRO DEFINITIONS 

DECARO 
DB 
ENDM 

DECARl 
DB 
ENDM 

SELMB2 
DB 
ENDM 

SELMB3 
DB 
ENDM 

DJNZAO 
DB 
ENDM 

DJNZAl 
DB 
ENDM 

JNTF 

DB 
ENDM 

3-25 

MACRO 
OCOH 

MACRO 
OC1H 

MACRO 
OA5H 

MACRO 
OB5H 

MACRO L 
OEOH,L AND OFFH 

MACRO L 
OEl H,L AND OFFH 

MACRO L 

06H,L AND OFFH 

Application Note 

AN168 

;DEC @RO 

;DEC @Rl 

I 
;SEL MB2 

;SEL MB3 

;DJNZ @RO,ADDR 

;DJNZ @Rl,ADDR 

;JUMP IF TIMERFLAG IS 
NON ZERO 
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The Inter-Integrated Circuit (12C) Serial Bus: AN168 
Theory and Practical Consideration 

THE 8400 INSTRUCTIONS BUILT FROM THE MACRO LIST 

LOC/OBJ LINE SOURCE STATEMENT 

0000 1 ORG 0 
2 MOVASO ;MACRO for MOV A.SO 

OOOOOC 3+ DB OCH 
4 MOVAS1 ;MACRO for MOV A.S1 

0001 OD 5+ DB ODH 
6 MOVSOA ;MACRO for MOV SO.A 

00023C 7+ DB 3CH 
8 MOVS1A ;MACRO For MOV S1.A 

00033D 9+ DB 3DH 
10 MOVS2A ;MACRO For MOV S2.A 

0004 3E 11 + DB 3EH 
12 MOVSO 56H ;MACRO For MOV SO. 

#56H 
00059C 13+ DB 9CH.56H 
000656 

14 MOVS1 9FH ;MACRO for MOV S1. 
#9FH 

ooo79D 15+ DB 9DH.9FH 
0006 9F 

16 MOVS2 OE8H ;MACRO for MOV S2. 
#OE8H 

00099E 17 + DB 9EH.OE8H 
OOOA E8 

18 ENS1 ;MACRO for EN S1 
OOOB 85 19+ DB 85H 

20 DISSI ;MACRO for DIS .SI 
OOOC 95 21 + DB 95H 

22 INAPO ;MACRO for IN A.PO 
OOOD 08 23+ DB 08H 

24 OUTPOA ;MACRO for OUTL PO.A 
OOOE 38 25+ DB 38H 

26 ORLPO 5AH ;MACRO for ORL PO.A 
oooF 88 27+ DB 88H.5AH 
00105A 

28 ANLPO 2FH ;MACRO for ANL PO.A 
0011 98 29+ DB 98H.2FH 
00122F 

30, DECARO ;MACRO for DEC @RO 
0013 CO 31 + DB OCOH 

32 DECAR1 ;MACRO for DEC @R1 
0014 C1 33+ DB OC1H 

34 SELMB2 ;MACRO for SEL MB2 
0015 A5 35+ DB OA5H 

36 SELMB3 ;MACRO for SEL MB3 
0016 B5 37+ DB OB5H 

38 DJNZAO 567H ;MACRO for DJNZ @RO. 
567H 

0017 EO 39+ DB OEOH.567H AND 
OFFH 

001987 
40 DJNZA1 OEFEH ;MACRO for DJNZ @R1. 

OEFEH 
0019 E1 41 + DB OE1 H.OEFEH AND 

OFFH 
001A FE 

42 JNTF 789H ;MACRO for JNTF 789H 
001B 08 43+ DB 08H. 789H AND 

OFFH 
001C 89 

44 END 
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I MAlt INPUT MAX. INPUT 
VOLTAGE" CURRENT RL=21dl TYP. TYP. 

MIN. BW SLEW 
CO .... TEMP OFFSET DRIFT OFFSET BIAS AVOL Ay=l RATE 

DEVICE PLEXITY RANGEt (mY) (IlY rc TYP.) (nA) (nA) (V/my) (MHz) (VlpJI) . 

... 
~ 

NE530 Single Comm. 6 6° 40 150 50 3 35 
SE530 Single Mil. 4 6° 20 80 50 3 35 
NE531 Single Comm. 6 10° 200 1500 205 1 35 

SE531 Single MI. 5 10° 20 500 50" 1 35 
NE536 Single Comm. 6 6° 40 150 50 6 80 
SE536 Single Mil. 4 15 20 80 50 6 80 
/lA741 Single Mil. 5 10° 200 500 50 1 0.5 

1l741C Single Comrn. 6 12° 200 500 20 1 0.5 
NE5534/A Single Comm. 4 5° 300 1500 25" 10 13 
SE5534/A Single Mil. 2 5° 200 600 so6 10 13 
NE5539 Single Comm.· 5 2.000 20.000 1200" 600 . 
NE5205 Single Comm. 2011 50012 2000 

SE5539 Single Mil. 3 1.000 13.000 1200" 600 
NE5230 Single Comm. 4 30-100 80-200 150 0.2_0.8 0.09-0.25 
LMl58 Dual Mil. 5 7° 30 150 50 1 0.3 
LM258 Dual Ind. 5 7° 30 150 50 1 0.3 
LM356 Dual Comm. 7 7° 50 250 25 1 0.3 

NE532 Dual Comm. 7 7° 50 250 25 1 0.3 
SA532 Dual Auto 7 7.5° 50 250 25 1 0.3 

. SE532 Dual MH • S 7° 30 150 50 1 0.3 
/lA747 Dual MH. 5 10° 200 500 50 1 0.5 

/lA747C Dual Comm. 6 12° 200 500 25 1 0.5 

.... 

.;.;. 
MCl458 Dual Comm. 6 12" 200 500 25 1 0.8 
SAl458 Dual Auto 6 12° 200 500 20 1 0.8 
MC1558 Dual MH. 5 10° 200 500 50 1 0.8 

NE4558 Dual Comm. 6 4° 200 500 20 3 1 
SA4558 Dual Auto 6 4° 200 500 50 3 1 
SE4558 Dual MD. 5 4° 200 500 50 3 1 
NE5512 Dual Comm. 5 5° 20 20 50 3 1 

SE5512 Dual Mil. 2 4° 10 10 50 3 1 
NE5532/A Dual Comm. 4 5° 150 600 25 10 9 
SE5532/A Dual MU. 2 5° 100 400 50 10 9 
NE5533 Dual Comm. 4 300 1500 25 10 13 

NE5535 Dual Comm. 6 6° 40 150 50 1 15 
SE5535 Dual Mil. 4 15 20 80 50 1 15 
LM124 Clued MH. 5 7" 30 150 50 1 0.3 
LM224 Quad Ind. 5 7° 30 150 50 1 0.3 

LM324 Quad Comm. 7 7° 50 250 25 1 0.3 
SA534 Quad Auto 7 7° 50 250 25 1 0.3 
MC3303 Quad Auto 8 10 75 500 20 1 0.6 
MC3403 Quad Comm. 10 10 50 500 20 1 0.6 

MC3503 Quad Mil. 5 10 50 500 50 1 0.6 
NE5514 Quad Comm. 5 5° 20 20 50 3 1 
SE5514 Quad MH. 2 4° 10 10 50 3 1 

----

See notes on next page 

MAX. 
DlFF. MIN. SUPPLY MAX. 
INP. CMRR MIN • VOLTAGE SUPPLY· 

VOLT" RAno PSRR MAlt CURRo 
(VI (dB) (dB) (VI (mA) 

±30 70 76 ±18 3 
±30 70 76 ±22 3 
±15 70 76 ±21 10 

±15 70 76 ±22 7 
±30 70 76 ±18 3 
±30 70 76 £22 3. 
t30 70 76 t22 2.8 

t30 76 £18 2.8 
to.5 70 80 ±22 8 
to.5 80 86 ±22 6.5 

70 80 t12 33 
5V 8 30 

70 80 ±12 31 
t9 80 75 ±9 0.15-0.8 
32 70 65 32 2 
32 70 65 32 2 
32 65 65 32 2 

32 65 65 32 2 
32 65 65 32 2 
32 70 65 32 2 

±30 70 76 ±22 2.8 

±30 70 76 ±18 2.8 
t30 70 76 t18 5.6A 
t30 70 76 t18 5.6 
±30 70 76 ±22 5A 

t30 70 76 t18 5.6 
±30 70 76 ±18 5.6 
±30 70 76 ±22 5.6 
32 70 80 ±16 5 

t32 70 80 t16 5 
to.5 70 80 t22 16 
to.5 80 86 t22 13 
±0.5 70 80 ±22 16 

±30 70 76 ±18 5.6 
±30 70 76 ±22 5.6 
32 70 65 32 3 
32 70 65 32 3 

32 65 65 32 3 
32 65 65 32 3 

±36 70 76 ±18 7 
±36 70 76 ±18 7 

±36 70 76 t18 4 
32 70 80 ±16 10 
32 70 80 ±16 10 

MIN. 
OUTPUT 

·VOLTAGE 
SWING INTERNAL 

(VI COMPEN-
RL=2kSl SATION 

±10 Yes 
±10 Yes 
±105 No 

±10· No 
±.10 Yes7 
±10 Yes7 
±10 Yes 

±10 Yes 
±1~ Yes8 
±1~ Yes8 
2.s'l YeslO 

Yes 

2.5 YeslO 

to.7 Yes 
26 Yes 
26 Yes 

·26 Yes 

26 Yes 
26 Yes 
26 Yes 

±10 Yes 

±10 Yes 
±10 Yes 
±10 Yes 
tl0 Yes 

±10 Yes 
±10 Yes 
±10 Yes. 
t13 Yes 

±13 Yes 
±128 Yes 
±1~ Yes 
±12" Yess 

±10 Yes 
±10 Yes 
26 Yes 
26 Yes 

26 Yes 
26 Yes 

±10 Yes 
±10 Yes 

±10 Yes 
t13 Yes 
±13 Yes 

INPUT 
NOISE 

VOLTAGE 
(nVYHZ) 
fo= 1kHz 

4.5 

• • 
613 

• 
23 
50 

5QII 

50-

5QII 

5QII 

5QII 

30-

30-
30-
30-
30- .. 

30-
6 
S-

4.5A 

5QII 

5QII 

5QII 

5QII 

5()11 

30-
30-

» 
3 
~. 
~ 
(I) ... 
en 
(I) 
(I) 

~ ... 
(j) 
c:: c: 
(I) 

f 
~ 
C 

~ 
& 
~ 
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NOTES: 
1. Military: - 55·C \0 + 125·C 

Industrial: -25·C to + 85·C 
Commercial: O·C to + 70·C 
Automotive: -40·C \0 + 85·C 

2. Specifications guaranteed at 25·C unless oth8lWise indicated by the following marks: 
• Typical over full temperature range 
.. Guaranteed over full temperatura range 
• Typical at 25·C 

Amplifier Selector Guide 

3. Unless otherwise stated, maximum negative input voltage cannot exceed negative power supply voltage. 
4. Av-7 
5. R -10i<Sl 
6. RL -600n 
7. Av"5 
8. Av"3 
9. RL -150n 

10. Av"7 
11. Fixed gain, stated in dB. 
12. Bandwidth \0 -O.5dB pt 
13. Noise specification in dB, not volts. 
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Absolute Maximum Rating 
Operating safe zones exceeding these 
limits could cause permanent damage to 
the device and are not meant to imply 
that devices can operate at these limits. 

Average Input Offset Current 
Temperature Coefficient (TClos) 
The change in input offset current divid
ed by the change to ambient tempera
ture producing it. 

Average Input Offset Voltage 
Temperature Coefficient 
(TCVos) 
The change in input offset voltage divid
ed by the change in ambient tempera
ture producing it. 

Bandwidth 
The frequency at which the gain is down 
3dB from its DC value. It's measured in 
sample (track) mode with a small-signal 
sine wave that doesn't exceed the slew 
rate limit. 

Common-Mode Input Resistance 
The resistance looking into both inputs, 
with inputs tied together. 

Common-Mode Rejection Ratio 
(CMRR) 
The ratio of the change of input offset 
voltage to the input common-mode volt
age change producing it. 

Full Power Bandwidth 
The maximum frequency at which the 
full sine wave output might be obtained. 

1dB Gain Compression and 
Saturated Output Power 
The 1dB gain compression is a mea
surement of the output power level 
where the small-signal insertion gain 
magnitude decreases 1 dB from its low 
power value. The decrease is due to 
nonlinearities in the amplifier, an indica
tion of the point of transition between 
small-signal operation and the large
signal mode. 

The saturated output power Is a mea
sure of the amplifier's ability to deliver 
power Into an external load. It is the 
value of the amplifier'S output power 
when the input is heavily overdriven. 

February 1987 

Symbols and Definitions 
for Amplifiers 

This includes the sum of the power in all 
harmonics. 

Input Bias Current (18) 
The average of the two input currents at 
zero output voltage. In some cases, the 
input current is measured for either input 
independently. 

Input Capacitance 
The capacitance looking into either input 
terminal with the other grounded. 

Input Current 
The current into an input terminal. 

Input Noise Voltage 
The square root of the mean square 
narrow-band noise voltage referred to 
the input. 

Input Offset Current 
The difference in the currents into the 
two input terminals with the output at OV. 

Input Offset Voltage 
That voltage which must be applied 
between the input terminals to obtain 
zero output voltage. The input offset 
voltage may also be defined for the case 
where two equal resistances are insert
ed in series with the input leads. 

Input Resistance 
The resistance looking into either input 
terminal with the other grounded. 

Input Voltage Range 
The range of voltages on the input 
terminals for which the amplifier oper
ates within specifications. In some cas
es, the input offset specifications apply 
over the input voltage range. 

Intermodulation Intercept Tests 
The intermodulation intercept is an ex
pression of the low level linearity of the 
amplifier. The intermodulation ratio is the 
difference in dB between the fundamen
tal output signal level and the generated 
distortion product level. 

The intercept pOint for either product is 
the intersection of the extensions of the 
product curve with the fundamental out
put. 

The intercept point is determined by 
measuring the intermodulation ratio at a 
single output level and projecting along 

4-6 

the appropriate product slope to the 
point of intersection with the fundamen
tal. When the intercept point is known, 
the intermodulation ratio can be deter
mined by the reverse process. The sec
ond order IMR is equal to the difference 
between the second order intercept and 
the fundamental output level. The third 
order IMR is equal to twice the differ
ence between the third order intercept 
and the fundamental output level. These 
are expressed as: 

IP2 = POUT + IMR2 

IP3 = POUT + IMR3/2 

where POUT is the power level in dBm of 
each of a pair of equal level fundamental 
output signals, IP2 and IP3 are the sec
ond and third order output intercepts in 
dBm, and IMR2 and IMR3 are the sec
ond and third order intermodulation ra
tios in dB. The intermodulation intercept 
is an indicator of intermodulation perfor
mance only in the small signal operating 
range of the amplifier. Above some out
put level which is below the 1 dB com
pression point, the active device moves 
into large-signal operation. At this point 
the intermodulation products no longer 
follow the straight line output slopes, 
and the intercept description is no longer 
valid. It is therefore important to mea
sure IP2 and IP3 at output levels well 
below 1 dB compression. One must be 
careful, however, not to select levels 
that are too low because the test equip
ment may not be able to recover the 
signal from the noise. 

Large-Signal Voltage Gain 
The ratio of the maximum output voltage 
swing to the change in input voltage required 
to drive the output to this voltage. 

Output Resistance 
The resistance seen looking into the output 
terminal with the output at null. This parame
ter is defined only under small signal condi
tions at frequencies above a few hundred 
cycles to eliminate the influence of drift and 
thermal feedback. 

Output Short-Circuit Current 
The maximum output current available from 
the amplifier with the output shorted to 
ground or to either supply. 
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~I 
St, 
• 

• SIZ 

I~ 
Figure 1. Two-Port Network Defined 

S" - INPUT RETURN LOSS 

POWER REFLECTED 
FROM INPUT PORT 

POWER AVAILABLE FROM 
GENERATOR AT INPUT PORT 

SIl - REVERSE TRANSMISSION LOSS 
OR ISOLATION 

61 REVERSE TRANSDUCER 
S'2· V POWER GAIN 

S., - FORWARD TRANSMISSION LOSS 
OR INSERTION GAIN 

S2' -"TRANSDUCER POWER GAIN 

S .. - OUTPUT RETURN LOSS 

POWER REFLECTED 
FROM OUTPUT PORT 

POWER AVAILABLE FROM 
GENERATOR AT OUTPUT PORT 

Figure 2 

Output Voltage Swing 
The peak output swing, referred to zero, that 
can be obtained. 

Package Type Designation 
See full package designations in Appendix. 

Phase Margin 
180· minus the absolute value of the phase 
shift measured at the frequency at which the 
gain is unity. 

Power Consumption 
The DC power required to operate the amplHi
er with the input at zero and with the output at 
zero and with no load current 

Power DIssipation 
The power that the device can safely handle 
at 25·C. The dissipation must be derated as 
indicated for the individual package type. 

Power Supply Rejection Ratio 
The ratio of the change in input offset voltage 
to the change in supply voltages producing It. 

t ebruery 1987 

Rise Time 
The time required for an output voltage stap 
to change from 10% to 90% of its final value. 

Scattering Parameters 
S-parameters are measurements of inCident 
and reflected currents and voltages between 
the source, amplifier, and loed as well as 
transmission losses. The parameters for a 
two-port network are defined in Figures 1 and 
2. 

Relationships exist between the input and 
output return losses and the voltage standing 
wave ratios. These relationships are as fol
lows: 

INPUT RETURN LOSS = SlldB 

SlldB = 20 Log islll 

OUTPUT RETURN LOSS = S2211B 

S22IIB = 20 Log Is~ 
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11 +S111 
INPUT VSWR = -I --I"; 1.5 

1-S11 
11 +S221 

OUTPUT VSWR = -I --I"; 1.5 
1-S22' 

Additional Reading on Scattering 
Parametera 
For more information regarding S-perame
ters, please refer to High-Frequency Amplifi
ers by Ralph S. Cerson of the University of 
Missouri, Rolla, Copyright 1985; published by 
John Wiley & Sons, Inc. 

S-Psrameter Techniques for Faster, More 
Accurate Network Design, HP App Note 95-1, 
Richard W. Anderson, 1967, HP Journal. 

S-Parameter Design, HP App Note 154, 1972. 

Slew Rate 
The maximum rate of change of output volt
age under large-signal conditions. 

Supply Current 
The current required from the power supply to 
operate the amplifier with no load and the 
output at zero. 

TA 
Ambient temperature range. Range of the 
surrounding environment of the operating 
device. 

TJ 
Junction temperature. The maximum temper
ature of the device. 150·C is standard for 
silicon devices. 

TSTO 
Storage temperature range. Temperature 
range that the device can be stored in a non
operating condition. 

TSOLD 
Soldering temperature. The temperature 
which can be applied to the lead frame of the 
device for short periods of time (normally 
specified for a duration of 1 Os). 

Temperature Stability of 
Voltage Gain 
The maximum variation of the voltage gain 
over the specHied temperature range. 

Vee (-Vee) 
Supply voltage. The range of power supply 
voltage over which the device will operate 
safely. 

I 
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INTRODUCTION TO NOISE 
Since fabrication techniques in the integrated 
circuit industry have·· improved so· tremen
dously in the past few years, input offset 
voltages and bias currents are being mini
mized and noise parameters (whether mea
sured at the output or referred to the input) 
have become a major source of concern. 
Reducing noise by improved process tech
niques and by use of peripheral component 
control will be the thrust of this application as 
a secondary effort. in understanding the noise 
components themselves. 

An inspection of industry specifications show 
several methods of rating amplifier noise 
performance. 

1. Output signal-to-noise ratio. 

2. Output noise level (with specified loads and 
bandwidth). 

3. Output noise level referenced to normal 
operating level. 

4. Equivalent input noise (at a specified gain, 
source impedance and bandwidth). 

5. Noise figure. 

1HZ 

AN164 
Explanation of Noise 
Application Note 

BASIC NOISE PROPERTIES 
Noise, for purposes of this discussion, is 
defined as any Signal appearing in an op 
amp's output that could not have been pre
dicted by DC and AC input error analysis. 
Noise can be random or repetitive, internally 
or externally generated, current or voltage 
type, narrow-band or wide-band, high fre
quency or low frequency; whatever its nature, 
it can be minimized. 

The first step in minimizing noise is source 
identification in terms of bandwidth and loca
tion in the frequency spectrum; some of the 
more common sources are shown in Figure 1. 
Some observations to be made from Figure 1 
are that noise is present from DC to VHF from 
sources which may be identified in terms of 
bandwidth and frequency; noise source band
widths overlap, making noise a composite 
quantity at any given frequency. Most exter
nally-caused noise is repetitive rather than 
random and can be found at a definitE! 
frequency. Noise effects from external 
sources must be reduced to insignificant 
lE!vE!ls to realize thE! full performance available 
from a low noise op amp. 

fW)M Noll ~ PRIOUINCY 

EXTERNAL NOISE SOURCES 
Since noise is a composite Signal, the individ
ual sources must be identified to minimize 
their effects. For example, 60Hz power line 
pickup is a common interference noise ap
pearing at an op amp's output as a 16ms sine 
wave. In this and most other situations, the 
basic tool for external noise source frequency 
characterization is the oscilloscope sweep 
rate setting. Recognizing the oscilloscope's 
potential in this area, there are several pre
amplifiers available with variable bandwidth 
and frequency which allow quick noise source 
frequency identification. Another basic identi
fication tool is the simple low-pass filter, as 
shown in Figure 2, where the bandpass is 
calculated by: 

1 
fo=--

211'RC 
(1) 

With such a filter, measurement bandpass 
can be changed from 10Hz to 100Hz 
(C = 4.7j.!F to 470pF), attenuating higher fre
quency components while passing frequen
cies of interest. Once identified, noise from an 
external source may be minimized by the 
methods outlined in Table 1, the external 
noise chart. 

-
DCIIIIMANT IIIIGtON 'lIP (fUCkIR) ~ Wttrn: NOlIe. .tOHNION • IICHOnICY 

---
I I I ... ... 10 

--- -=.1 -y-
I ..... _ ..... iT) 

-~ 

DCfODC --.y ----I I I ,. - ,. 
Figure 1. Frequency Spectrum of Noise Source. Affecting Operational Amplifiers and Low Noise Preamplifiers 
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Explanation of Noise 

:rf.-T. 3.31< 

OUT TOICOPE 

v- ~ 4.7,FI0470". 

Figure 2. Noise Frequency Analysis RC 
Low·Pass Filter 

POWER SUPPLY RIPPLE 
Power supply ripple at 120Hz is not usually 
thought of as noise, but it should be. In an 
actual op amp application, it is quite possible 
to have a 120Hz noise component that is 
equal in magnitude to all other noise sources 
combined, and, for this reason, it deserves a 
special discussion. 

To be negligible, 120Hz ripple noise should 
be between 10nV and 100nV referred to the 
input of an op amp. Achieving these low 
levels requires consideration of three factors: 
the op amp's 120Hz power supply rejection 
ratio (PSRR), the regulator's ripple rejection 
ratio, and, finally, the regulator's input capaci
tor size. 

PSRR at 120Hz for a given op amp may be 
found in the manufacturer's data sheet 
curves of PSRR versus frequency as shown 
in Figure 3. For the amplifier shown, 120Hz 
PSRR is about 74dS, and to attain a goal of 
100nV referred to the input, ripple at the 
power terminals must be less than 5mV. 
Today's IC regulators provide about 60dS of 
ripple rejection; in this case the regulator 
input capacitor must be made large enough to 
limit input ripple to 0.5V. 

Externally-compensated iow noise op amps 
can provide improved 120Hz PSRR in high 
close-loop gain configurations. The PSRR 
versus frequency curves of such an op amp 
are shown in Figure 5. When compensated 
for a closed-loop gain of 1000, 120Hz PSRR 
is 115dB. PSRR is still excellent at much 
higher frequencies, allowing low ripple noise 
operation in exceptionally severe environ
ments. 

POWER SUPPLY DECOUPLING 
Usually, 120Hz ripple is not the only power 
supply associated noise. Series regulator out
puts typically contain at least 150/lV of noise 
in the 100Hz to 10kHz range, switching types 
contain even more. Unpredictable amounts of 
induced noise can also be present on power 
leads from many sources. Since high frequen
cy PSRR decreases at 20dB/decade, these 
higher frequency supply noise components 
must not be allowed to reach the op amp's 
power terminals. RC decoupling, as shown in 
Figure 6, will adequately filter most wide-band 
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noise. Some caution must be exercised with 
this type of decoupling, as load current 
changes will modulate the voltage as the op 
amp's supply pins. 

POWER SUPPLY REGULATION 
Any change in power supply voltage will have 
a resultant effect referred to an op amp's 
inputs. For the op amp of Figure 3, PSRR at 
DC is 110dB (3/lVlV) which may be consid
ered as a potential low frequency noise 
source. Power supplies for low noise op amp 
applications should, therefore, be both low in 
ripple and well-regulated. Inadequate supply 
regulation is often mistaken to be low fre
quency op amp noise. 

When noise from external sources has been 
effectively minimized, further improvements in 
low noise performance are obtained by speci
fying the right op amp, and through careful 
selection and application of the peripheral 
components. 

Noise voltage, en, or more properly, equiva
lent short-circuit input RMS noise voltage, is 
simply that noise voltage which would appear 
to originate at the input of a noiseless amplifi
er (referring to Figure 4) H the input terminals 
were shorted. It is expressed in nanovolts per 
root Hertz (nVlYHz) at specified frequency, 
or in microvolts (/lV) for a given frequency 
band. It is determined, or measured, by short-
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ing the input terminals, measuring the output 
rms noise, dividing by amplifier gain, and 
referencing to the input. Hence the term, 
equivalent noise voltage. An output bandpass 
filter of known characteristics is used in 
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Table 1. External Noise Chart 

SOURCE NATURE CAUSES 

60Hz Power Repetitive Interference Power lines physically close to 
op amp inputs. Poor CMRR at 
60Hz. 

120Hz Ripple Repetitive Inadequate ripple consideration. 
Poor RSRR at 120Hz. 

180Hz Repetitive EMI 180Hz radiated from saturated 
60Hz transformers. 

Radio stations Standard AM broadcast Antenna action anyplace in 
through FM system. 

Relay & switch High frequency burst at Proximity to amplifier inputs, 
arcing switching rate. power lines, compensation 

terminals, or nulling terminals. 

Printed circuit board Random low frequency Dirty boards or sockets. 
contamination 

Radar transmitters High frequency gated at Radar transmitters from long 
radar pulse repetition range surface search to short 
rate. range navigational especially 

near airports. 

Mechanical vibration Random < 1 OOHz Loose connections, intermittent 
metallic contact in mobile 
equipment. 

Chopper frequency Common-mode input Abnormally high noise chopper 
noise current at chopping amplifier in system 

frequency 

measurements, and the measured value is 
divided by the square root of the bandwidth 
VB, if data is to be expressed per unit 
bandwidth or per root Hertz. The level of en is 
not constant over the frequency band; typical
ly it increases at lower frequencies as shown 
in Figure 7. This increase is 1 If NOISE (flicker). 

Noise current, In, or more properly, equivalent 
open-circuit RMS nqise current, is that noise 
which occurs apparently at the input of a 
noiseless amplifier due only to noise currents. 
It is e~essed in picoamps per root Hertz 
(pAlv'Hz) at a specified frequency or in 
nanoamps (nA) in a given frequency band. It 
is measured by shunting a capacitor or resis
tor across the input terminals such that the 
noise current will give rise to an additional 
noise voltage which is in X RIN (or XCIN). The 
output is measured, divided by amplifier gain, 
referenced to input, and that contribution 
known to be due to en and resistor noise is 
appropriately subtracted from the total mea
sured noise. If a capacitor is used at the input, 
there is only en and l;; XcIN. The l;; is 
measured with a bandpass filter and convert
ed to pA/YHz, if appropriate; typically, it 
increases at lower frequencies for bipolar op 
amps and transistors, but it increases at 
higher frequencies for field-effect transistors 
and Bi-FET IBi-MOS op amps. 

February 1987 

Noise Figure, NF,is the logarithm of the ratio 
of input signal-to-noise and output signal-to
noise. 

NF -10 log (SIN) in 
(SIN) out 

(2) 

where: Sand N are power or (voltage)2 
levels 

This is measured by determining the SIN at 
the input with no amplifier present, and then 
dividing by the measured SIN at the output 
with signal source present. 

The values of RGEN and any XGEN as well as 
frequency must be known to properly express 
NF in meaningful terms. This is because the 
amplifier in X ZGEN as well as RGEN itself 
produces input noise. The signal source con
tains some noise. However, eSIG is generally 
considered to be noise-free and input noise is 
present as the thermal noise of the resistive 
component of the signal generator imped
ance RGEN. This thermal noise is white in 
nature as it contains constant noise power 
density per unit bandwidth. It is easily seen 
that the en 2 has the. units V2/Hz and that (en) 
has the units V/YHz 

(3) 
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MINIMIZATION METHODS 

Reorientation of power wiring. Shielded 
transformers. 

Thorough design to minimize ripple. RC 
decoupling at the op amp. 

Physical reorientation of components. 
Shielding. Battery power. 

Shielding. Output filtering. Limited circuit 
bandwidth. 

Filtering of HF components. Shielding. 
Avoidance of ground ioops. Arc 
suppressors at switching source. 

Thorough cleaning and humidity 
sealant. 

Shielding. Output filtering of frequencies 
»PRR. 

Attention to connectors and cable 
conditions. Shock mounting in severe 
environments. 

Balanced source resistors. Use bipolar 
input op amps instead. 

where: T is temperature in OK 
R is resistor value in n 
B is bandwidth in Hz 
k is Boltzman's constant 

OPERATIONAL AMPLIFIER 
INTERNAL NOISE 
OP AMP NOISE 
SPECIFICATIONS 
Most completely specified low noise op amp 
data sheets specify current and voltage 
noises in a 1 Hz bandwidth and low frequency 
noise over a range of 0.1 Hz to 10Hz. To 
minimize total nOise, a knowledge of the 
derivation of these specifications is useful. In 
this section, the reader is provided with an 
explanation of basic op amp associated ran
dom noise mechanisms and introduced to a 
simplified method for calculating total input
referred noise in typical applications. 

RANDOM NOISE 
CHARACTERISTICS 
Op amp associated noise currents and volt
ages are random. They are aperiodic, not 
correlated to each other, and have Gaussian 
amplitude distributions; the highest noise am
plitudes having the lowest probability. Gauss
ian amplitude distribution allows random 
noises to be expressed as RMS quantities; 
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multiplying a Gaussian RMS quantity by six 
results in a peak-to-peak value that will not be 
exceeded 99.73% of the time. 

The two basic types of op amp associated 
noises are white noise and flicker noise (1/1). 
White noise contains equal amounts of power 
in each Hertz of bandwidth. Flicker noise is 
different in that it contains equal amounts of 
power in each decade of bandwidth. This is 
best illustrated by spectral noise density plots 
such as in Figures 8 and 9. Above a certain 
corner frequency, white noise dominates; be
low that frequency, flicker (III) noise is domi
nant. Low noise corner frequencies distin
guish low noise op amps from general pur
pose devices. 

SPECTRAL NOISE DENSITY 
To utilize Figures 8 and 9, let us consider the 
defin~ion of spectral noise density: the square 
root of the rate of change of mean-square 
noise voltage (or current) with frequency 
(Equation 4a). 

d 
e 2 =- (E )2 

n df n 
(4a) 
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d 
i 2 =_ (1 )2 
n df n 

(4b) When substituted in Equation 3, the expres
sions may be rewritten to: 

IN=~vr 
in 2 dF 

fl 

where en, in = Spectral noise density 
En, In = Total RMS noise 

fH = Upper frequency limit 
fl = Lower frequency limit 

(5a) 

(5b) 

Conversely, the RMS noise value within a 
given frequency band is the square root of the 
definite integral of the spectral noise densitY 
over the frequency band (Equation 5b). This 
means that three things must be known to 
evaluate total voltage noise (En) or current 
noise (In): fH' fl' and a knowledge of noise 
behavior over frequency. 

WHITE NOISE 
White noise sources are defined to have a 
noise content that is equal in each Hertz of 
bandwidth, and Equation 5b may be rewritten 
for white noise sources as: 

(6) 
In(w) = in v'fH - fl 

It is therefore convenient to express spectral 
noise density in Vlv'Hz or Alv'Hz where 
fH - fl = 1 Hz. When fH ;;;" 1 Ofl, the white noise 
expressions may be further reduced to: 

FLICKER NOISE " WHITE 
NOISE 

(7) 

Since flicker noise content is equal in each 
decade of bandwidth, total flicker noise may 
be calculated if noise in one decade is known. 
The 0.1 Hz to 1 Hz decade noise content (K) is 
widely used for this purpose because the 
white noise contribution below 10Hz is usually 
negligible. 

En(f>=~K -v'!, In(f)~K-v'! 
f f 

(8) 
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En(1) = K Vln ( ~ ) 
(9) 

When corner frequencies are known, simpli
fied expressions for total voltage and current 
noise, (EN and IN), may be writlen: 

EN(fH-fLl = en V fCE In ( ~) + (fH-fLl 

(10) 

IN(fH-fd = in V fCI In ( ~ ) + (fH-fd 

(11) 

where: 

en = White noise voltage in a 1 Hz band
width 

in = White noise current in a 1 Hz band-
width 

fCE = Voltage noise corner frequency 
fCI = Current noise corner frequency 
fH = Upper frequency limit 
fl = Lower frequency limit 

The two most important internally-generated 
noise minimization rules are: limit the circuit 
bandwidth, and use operational amplifiers 
with low corner frequencies. 

NOISE SUMMATION 
In the spectral density discussions, the con
cepts of white noise and flicker noise were 
introduced. In Figure 10, the complete input
referred op amp noise model, internal white 
and flicker noise sources are combined Into 
three equivalent input noise generators, En, 
IN1 and IN2' The noise current generators 
produce noise voltage drops across their 
respective source resistors, RS1 and RS2. The 
source resistors themselves generate thermal 
noise voltages, Eu and Et2. Total RMS input
referred voltage nOise, over a given band
width, is the square root of the sum of the 
squares of the five noise voltage sources 
over that bandwidth. 

(12) 

I 
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Figure 10. Op Amp Noise Mode' 

THERMAL NOISE 
Thermal (Johnson) noise is a white noise 
voltage genenlted by random movement of 
thermally·charged camers in a resistance; in 
op amp circuits this is the type of noise 
produced by the source resistances in series 
with eacl;l, input. Its RMS value over a given 
bandwidth is calculated by: ' 

Et = V 4kTR (fH fLl (13) 

Where: 

k = Boltzman's conStant = 1.38 X Hr23 
joules/oK 

T = Absolute temperature, oK 
R = Resistance in n 
fH = Upper frequency limit in Hz 
fL = Lower frequency limit in Hz 

At room temperature, Equation 13 simplifies 
to: 

Et = 1.28 X 10-I0v'RiiH-1lJ (14) 

To minimize thermal noise (Eu and Et2) from 
RSI arid RS2, large source resistors and 
excessive system bandwidth should be avoid· 
ed. 

Thermal noise is also generated inside the op 
amp, principally from rbb. the base·spreading 
resistances in the input stage transistors. 
These noises are included in EN, the total 
equivalent input voltage noise' generator. 

SHOT NOISE 
Shot noise (Shottky noise) is a white noise 
cUlTent associated with the fact that current 
flow is actually a movement of. discrete' 
charged particles (electrons). In Figure 10, IN1 
and IN2 above the 1/f frequency are shot 
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noise cUlTents which are related to the ampli· 
fier's DC input bias cUlTents: 

ISH =V2qls1AS (fH - fd 

where: 

ISH = RMS shot noise value in amps 
q = charge of an electron 

= 1.602 X 1()""19 Coulombs 
IBIAS = Bias current in amps 

fH = Upper frequency limit in Hz 
fL - Lower frequency limit in Hz 

(15) 

At room temperature, Equation 15 simplifies 
to: 

Shot noise cUlTents also flow in the input 
stage emitter dynamic resistances, (r e), pro
ducing input noise voltages. These voltages, 
along with the rbb, thermal noise, make up the 
white noise portion of EN, the total equivalent 
input noise voltage generator. 

FLICKER NOISE 
In limited bandwidth applications, flicker (1/t) 
noise is the most critical noise source. An op 
amp designer minimizes flicker noise by 
keeping current noise components in the 
input and second stages from contributing to 
input voltages noise. Equation 17 illustrates 
this relationship: 

in second stage 
-"-----='- = en input (17) 

gM first stage 

Another critical factor is corner frequency. For 
minimum noise, the cUlTent and voltage noise 
corner frequencies must be low; this is cru
cial. As shown In Figure 11, low noise corner 
frequencies distinguish low noise op amps 
from ordinary industry-standard 741 types. 
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POPCORN NOISE 
Popcorn noise (burst noise) is a momentary 
change in input bias current usually OCCUlTing 
below 100Hz, and is caused by imperfect 
semiconductor surface conditions incurred 
during wafer processing. Minimization of this 
problem can be accomplished through careful 
surface treatment, general cleanliness, and a 
special three-step process known as "Triple 
Passivation". 

Op amp manufacturers face a difficult deci
sion in dealing with popcorn noise. Through 
careful low noise processing, it can be signifi
cantly reduced in almost all devices; alterna
tively, the processing may be relaxed, and 
finished devices must be individually tested 
for this parameter. Special noise testing takes 
valuable labor time, adds significant amounts 
to manufacturing cost, and ultimately in
creases the price a customer has to pay. 

TOTAL NOISE CALCULATION 
WHh data sheet curves and specifications, 
and a knowledge of source resistance values, 
total input-refelTed noise may be calculated 
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for a given application. To illustrate the meth
od, noise information from a data sheet is 
reproduced in Figure 12. The first step is to 
determine the current and voltage noise cor
ner frequencies so that the EN and IN terms of 
Equation 12 may be calculated using Equa
tions 10 and 11. 

CORNER FREQUENCY 
DETERMINATION 
In the input shot noise versus frequency 
curves of Figure 12, it may be seen that 
voltage noise (Rs = 0) begins to rise at about 
10Hz. Lines projected from the horizontal 
(white noise) portion and sloped (flicker 
noise) portion intersect at 6Hz, the voltage 
noise corner frequency (fCE)' In the center 
curve, excluding thermal noise multiplied by 
200n is plotted as a voltage noise. Lines 
projected from the horizontal portion and 
sloped portions intersect at 60Hz, the current 
nOise corner frequency (fCI). Equations 10 
and 11 also require en and in for calculation of 
EN and IN. To find en and in, use the data 
sheet specification a decade or more above 
the respective corner frequencies; in this 
case en is 9.6 nV 1v'Hz (1000Hz), and in is 
0.12 pA/v'Hz (1000Hz). 

BANDWIDTH OF INTEREST 
To be summed correctly, each of the five 
noise quantities must be expressed over the 
same bandwidth, (fH - fd. At this time, as
sume fH to be the highest frequency compo
nent that must be amplified without distortion. 
Note that en, in, corner frequencies and 
bandwidth are independent of actual circuit 
component values. When doing noise calcu
lations for a large number of circuits using the 
same op amp, these numbers only have to be 
calculated once. 

TYPICAL APPLICATION 
EXAMPLE 
Figure 13a shows a typical X 1 0 gain stage 
with a 10kn source resistance. In Figure 13b, 
the circuit is redrawn to show five noise 
voltage sources. To evaluate total input-re
ferred noise, the values of each of the five 
sources must be determined. 

en = 9.6nV/YHz 
In = 0.12pAlYHz 

fCE = 6Hz 
fCI = 60Hz 

Using Equation 14: Et = Y 4kTR(fH - fLl 

Ett = 1.28 X 10 10y (900H)(100Hz) 
= O.4/lVRMS 

Et2 = 1.28 X 1010y (10kn)(100Hz) 
= 0.128/lVRMS 
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a. Noise Analysis Circuit 

.~EI1IN1F1S1 EN _ 

~ EO 

+ 

-: Et2 'N:tRsa fH = 100Hz 

tL·~.ooo1 Hz 

b. Noise Analysis Equivalent Circuit 

Figure 13 

Next, Calculate IN Using Equation 11 

IN =in VfClln(~) + (fH-fd 

v:: (100HZ) =0.12pA 60ln -- +(100-0.01) 
O.OIHz 

= 3.066pARMS 
and: 

IN1'RS1 ;;. 3.066pA (900n) = 0.0027/lVRMS 

IN2'RS2 = 3.066pA (10kn) = 0.0306/lVRMS 

Finally, EN from Equation 10 

EN = en V fCE In( ~ ) + (fH-fLl 

=9.6nvV6In( 100HZ) +(100-0.01) 
O.OIHz 

4-13 

Substituting in Equation 12 

ENT (fH - fL) = 

VEN 2 + IN12RS12 + (IN2RS2)2 + Et12 + Et22 

= V(0.120"V)2 + (0.0027"V)2 + 
(0.0306"V)2 + (0.04"V)2 + (0.128"V)2 

- 0.183"VRMS 

Using the factor of 6, total input-referred 
noise = 1.1 "Vp.p (0.01 Hz to 1 ooHz). 

741 CALCULATION EXAMPLE 
The preceding calculation determined total 
noise in a given bandwidth using a low noise 
op amp. To place this level of performance 
into perspective, a calculation using the in
dustry-standard 741 op amp in the circuit of 
Figure 13 is useful. Once again the starting 
point is comer frequency determination, using 
the data sheet curves: 

fCE - 200Hz; fCI - 2kHz; 

en - 20nV 1v'RZ; in ~ 0.5pAlv'R2. 

Using these corner frequencies and noise 
magnitudes, EN and IN are calculated to be 
0.8S"VRMS and 68pARMS, respectively. Multi
plying this noise current by the source resis-

I 
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The denominator of the SIN ratio is the total 
output noise divided by the midband gain or 
the equivalent input noise as shown on the 
NE542 specification sheet. 

EIN = (en2 + in2RS2 + 4kTRs)1t2B1t2RMS 
Volts 

(14) 

The SIN ratio may now be computed Inde
pendently of the ampllller gain. However, the 
gain should be chosen to maintain linear 
operation of the amplifier. For example, if the 
input signal to the NE542 is 400lAVRMS from a 
source resistance of 680n with a bandwidth 
of 100Hz to 10kHz, the SIN ratio becomes, in 
dB: 

400IAV 
Figure 14 SIN = 20 log --- 54.3dB 

O.77IAV 

tance gives terms 2 and 3 of Equation 12 as 
shown below. 

v'EN2 + IN12 Rs1 2 + IN22 RS22 + Et1 2 + Et22 

(12) 

Substituting In Equation 12 

- v' (0.88IlV)2 + (0.081 IAV)2 + (0.68IAV)2 
+ (0.4IAV)2 + (0.128IAV)2 

-1.12IAVRMS 

Total Input-referred noise - 6.7IAVp_p (0.01 Hz 
to 100Hz). 

This Is 5.' times that of the low noise op 
amp elllllmple. 

The calculation 8IIIIImpies illustrate three 
rules for minimizing noise in operational am
plifier applications: 

RULE 1. Use an op amp with low comer 
frequencies. 

RULE 2. Keep sourca resistances as low as 
possible. 

RULE· 3. Umlt circuit bandwidth to signal 
bandwidth. 

NOISE PERFORMANCE 
This segment shall be concarned with deter
mining the signsl-to-noise characteristics and 
the noise flgura of amplifiers. 

The ampllller noise Is composed of thermal 
noise generated In the base reslstanca shot 
noise caused by the arrival of dlscreta charg
es at diode junction and 111 noise. 
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For simplification, these noise sources can be 
combined and the amplifier modeled by a 
noise source and a noiseless amplifIer as In 
Figure 14. 

en = Amplifier's equivalent mean square 
noise voltage/YHz 

in ~ Amplifier's equivalent mean square noise 
currentlYHz 

The total output noise can now be computed 
by Equation 8: 

9t - (en2 + in2Rs2 + 4kTRsl1t2B~RMSVolts 

(6) 

Assuming Rs small compared to amplifier 
Input. 

• See Note 1. 

If we now compare the total output noise to 
the output signal, A - Es, we find the output 
signal-ta-noise ratio. 

An amplifier gain of 66dB yields an output 
signal voltage of tVRMS. 

For an Input signal of 10mVRMS, 40dB of gain, 
and lVRMS output, the NE542 gives a SIN 
ratio: 

10,000 
SIN - 20 log --- 82.3dB 

0.77 

Another popular figure of merit for measuring 
the noise performance of an amplifier Is noise 
figure. We first define noise factor (F) as 

F _ Noise power input (Total) 

Thermal noise power 
In terms of voltage this can be expressed as: 

4kTRs + (en2 + In2Rs2j 
F= =5.34 

4kTRs ' 

Rs = 680n (15) 

The noise figure is now defined as: 

NF = 10 log F (dB) 

or 
4kTRs+e 2+i 2RS2 

NF = 10 log n n (dB) 
4kTRs 

(16) 

Table 2. Spectral Voltage and Current Noise Densities 

j.<A741 5534 LF357 NE542 LM387 

en (nVlYHz) 40 4 12 7 9 
in (pAlYHz) 0.25 0.8 0.01 0.25 0.7 
en fce (Hz) 200 90 50 800 850 
in fel (Hz) I.Sk 200 1 700 2 

NOTES: 
1. The current spectral nelse Is omitted lor the LF series since current noise levels in JFET devices 

are InsignHlcant. 
2. The spectral current noise lor the LM387 is relatively linear oyer the frequency "PdC"u.n 0' 

1 OOHz to 10kHz and 18 net specified below 100Hz. 
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A noiseless amplifier will, therefore, have a 
noise figure of "0" dB. Although the band
width has been eliminated from this calcula
tion, it is still an influencing factor on the 
noise figure since the value of en and in will 
be dependent on the bandwidth of interest. 
This is especially true H Ilf or high frequency 
noise is in this bandwidth. 

From Figures 15 and 16 we can calculate the 
noise figure. For the NE542, the noise figure 
for 100Hz to 10Hz, 3dB bandwidth (15.7kHz 
equivalent noise bandwidth) and a source 
resistance of 5kO is: 

NF-l0 I (1 + en2+in2As2) 
og 4kTAs 

(17) 

NF-l0 log 

( 
1 + (7)2 X 10-18 + (0.25)2 X 10-24 X AS2 ) 

75 X 10- '8 

4 X 1.38 X 10-23 X 300° K X As 
= 10 log 

= 7.27 @ As = 6800 

= 2.07 @ As = 5kO 

= 1.25 @ As = 10kO 

To this pOint, the discussion has been limited 
to flat band response and no mention of the 
effect of equalization networks has been 
made. In instances where the galn of the 
amplifier is changing significantly across the 
frequency band of interest, as is the case for 
NAB and AIAA equalization, the noise perfor
mance is significantly improved. 
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The following table lists the spectral voltage 
and current noise densities and the respec
tive corner frequencies for several different 
operational amplifiers and low noise pream
plifiers. 

where 

IN = total current noise over a specified 
bandwidth. 

EN - total voltage noise over a specified 
bandwidth. 

ED - thermal (Johnson) noise of the source 
resistance. 

'As = equivalent input source (or genera
tor) resistance. 

NOTE: 
1. If Rs is a complex function, Zs, then this function 

must be calculated for the Rss mean of each 
bandwidth consJdered. For example, the input is a 
capacitor in parallel With a resistor; the input 
impedance is therefore: 

R 
ZIN---

1 +jwCR 

Therefore as the frequency varies, the abso
lute value of ZIN will vary and will affect the 
INAS', input noise value. 

GENERAL EQUATIONS 

Total Spectral Voltage Noise 

EN (fH-fLl = en V fCE In(!t!) + (fH-fLl 
fL (18) 

YCC-12V 

'aIC . -

... 
t 
I ..... 
i .. 
I 
I 

• to 

......... 

... 
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Total Spectral Noise Current 

IN (fH-fLl = in VfClln( ~ ) + (fH -fLl (19) 

Thermal 

Et=4 kTA(fH-fLl 

k = 1.38 X 10-23 joulesl"K 

T = absolute temp in OK 

A=O 

It = 1.28 X 10-10 v'R(fH -ILl at room 
temperature (20) 

Shot at Room Temperature 

Total Noise' 

ENT 

Example: 

YEn 2 + (IN AS1)2 + IN2 AS22 
= +Et12+Et22 

In order to determine the total noise of any 
device the loll owing basic procedures can be 
used: 

1. Determine the spectral voltage noise value 
en and the 3dB corner frequency. (If the 
value is not listed, but a curve given, the 
spectral noise value will be that value 
above the 3dB corner frequency on the flat 
portion of the curve.) 

-
•• _ ......... 

Vee = 12Y 

.OK 

Figure 16, Input Noise Current V8 Frequency Figure 16. Input Noise Voltage V8 Frequency 

February 1987 4·15 

I 



Signetics Linear Products 

Explanation of Noise 

2. Determine the spectral current noise value 
r,; and the 3dBcorner frequency. (The 
same note holds true as for the spectral 
voltage noise, except that the comer fre
quencies are generally not the same.) 

3. Determine the thermal noise of the input 
port source resistances by using the basic 
equal at room temperature of 
ET = 1.26 X 10-10 VR/VHz 

4. Using Equations 1, 2, and 4 and using 
Figure 1 as a basic block, we then can 
determine the total current and voltage 
noise at the input ports. 

5. Employing Equation 5 we can then deter
mine the total Rss voltage noise referred to 
the input of the amplifier. 

6. If the closed-loop gain of the system is 
known, then the total Oulput noise is then 
ENout = ENin X ACL 

Given: From Table 2, the NE5534 operating 
over the range of 10Hz to 1 kHz and 1 kHz to 
10kHz, with Rs - 10k!"!.: determine total inpul 
noise over each bandwidth. 

EN(fH - fLl = en yrfC-E-I-n(-T-:-)-+-(-fH---f-L) 

(16) 

IN(fH - fLl = in V"'fC-I-ln-(-~-)-+-(f-H---f-Ll 
(19) 

February 1987 

ENT 
V(En)2 + (IN1 RS1)2 + (Etl2 

= (21) 

For the first band (10Hz to 1 kHz): 

En - 4 X 10-9 V90 ln (100) + (990) 

-0.15/LVRMS 

INRS = 0.6 X 10-12 

V 200 ln (100) + (990) X (104) 
= 0.26/LVRMS 

ETH 1000. V (EN)2 + (INRs)2 + ET2 
10 = O.50/LVRMS 

Using the factor of 6: 

INOISE Pop = 3.00/LVp_p will never be ex
ceeded in 99.73% of all cases. 
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For the second band (1 kHz to 10kHz): 

·EN = 4 X 1 0-9V9000 = 0.38/LVRMS 

·INRs. = 0.6 X 1 0-12V 9000 X (104) 
= 0.58/LVRMS 

ET - 1.28 X 1 o-10V 104(9000) 
= 1.21/LVRMS 

NOTE: 
* For frequencies above 1 kHz onty WHITE noise is a 

consideration. 

CONCLUSION 
The designer should look at the previous 
application note as a reasonable approach to 
determine system noise levels. The variations 
of parameters, such as resistance values, 
temperature and bandwidth, are controllable 
by design procedure; however, the parametric 
variations of the monolHhic op amps are 
controlled by the Ie manufacturer. Signetics 
manufactures a wide liariety of operational 
amplifiers designed to meet all contingencies. 
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FIgure 17. Total Noise Configuration 
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INTRODUCTION 
The operational amplifier was first introduced 
in the early 1940$. Primary usage of these 
vacuum tube forerunners of the ideal gain 
block was in computational circuits. They 
were fed back in such a way as to accomplish 
addition, subtraction, and other mathematical 
functions. 

Expensive and extremely bulky, the opera
tional amplifier found limited, use until new 
technology brought about the integrated ver
sion, solving both size and cost drawbacks. 

Volumes upon volumes have been and could 
be written on the subject otop amps. In the 
interest of brevity, this application note will 
cover the basic op amp as it is defined, along 
with test methods and suggestive applica
tions. Also, included is a basic coverage of 
the feedback theory from which all configura
tions can be analyzed. 

THE PERFECT AMPLIFIER 
The ideal operational amplifier possesses 
several unique characteristics. Since the de
vice will be used as a gain block, the ideal 
amplifier should have infinite gain. By defini
tion also, the gain block should have an 
infinite input impedance in order not to draw 
any power from the driving source. Additional
ly, the output impedance would be zero in 
order to supply infinite current to the load 
being driven. These ideal definitions are illus
trated by the ideal amplifier model of Figure 1. 

:~ 
Figure 1. Ideal Operational Amplifier 

Further desirable attributes would include infi
nite bandwidth, zero offset voltage, and com
plete insensitivity to temperature, power sup
ply variations, and common-mode input sig
nals. 

Keeping these parameters in mind, further 
contemplation produces two very powerful 
analysis tools. Since the input impedance is 
infinite, there will be no current flOWing at the 
amplifier input nodes. In addition, when feed-
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back is employed, the differential input volt
age le~uces to zero. These two statements 
are used universally as beginning points for 
any network analysis and will be expiared in 
detail later on. 

THE PRACTICAL AMPLIFIER 
Tremendous strides have been made by 
modern technology with respectto the ideal 
amplifier. Integrated circuits are coming clos
er and closer to the ideal gain block. In 
bipolar devices, for instance, input bias cur
rents are in the pA range for FET input 
amplifiers while offset voltages have been 
reduced to less than 1 mV in many casas. 

Any device has limitations however, and the 
integrated circuit is no exception. Modern op 
amps have botli voltage an!! current limita
tions. Peak-to-peak output voltage, for in
stance, is generally limited to one or two 
base-emitter voltage drops below the supply 
voltage, while output current is internally limit
ed to approximately 25mA. Other limitations 
such as bandwidth and slew rates are also 
present, although each generation of devices 
improves over the previous one. 

DEFINITION OF TERMS 
Earlier, the ideal operational amplifier was 
defined. No circuit is ideal, of course, so 
practical realizations contain some sources of 
error. Most sources of error are very small 
and therefore can usually be ignored. It 
should be noted that some applications re
quire special attention to specific sources of 
error. 

Before the internal circuitry of the op amp is 
further explored, it would be beneficial to 
define those parameters commonly refer
enced. 

INPUT OFFSET VOLTAGE 
Ideal amplifiers produce OV out for OV input. 
But, since the practical case is not perfect, a 
small DC voltage will appear at the output, 
even though no differential voltage is applied. 
This DC voltage is called the input offset 
voltage, with the majority of its magnitude 
being generated by the differential input stage 
pictured in Figure 2. 

An operational amplifier's performance is, in 
large part, dependent upon the first stage. It 
is the very high gain of the first stage that 
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v+ 

v-

Figure 2. Differential Input Stage 

amplifies small signal levels to drive remain
ing circuitry. Coincidentally, the input current, 
a function of beta, must be as small as 
possible. Collector current levels are thus 
made very low in the input stage in order to 
gain low bias currents. It is this input stage 
which also determines DC parameters such 
as offset voltage, since the amplified output 
of this stage is of sufficient voltage levels to 
eclipse most subsequent error terms added 
by the remaining circuitry. Under balanced 
conditions, the collector currents of 01 and 
02 are perfectly matched, hence we may say: 

(1) 

In practice, small differences in geometries of 
the basa-emitter regions of 01 and 02 will 
causa Ees not to equal O. Thus, for balance 
to be restored, a small DC voltage must be 
added to one Vee or 

Ves = Vee1 - Vee2 (2) 

where the Vee of the transistor is found by 

kT (te) Vee =-1" -
q I. 

(3) 

Reference is made to the input when talking 
of offset Voltage. Thus, the classic definition 
of input offset voltage is 'that differential DC 
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voltage required between inputs of an amplifi
er to force its output to zero volts.' 

Offset voltage becomes a very useful quantity 
for the designer because many other sources 
of error can be expressed in terms of Vas. 
For instance, the error contribution of input 
bias current can be expressed as offset 
voltages appearing across the Input resistors. 

INPUT OFFSET VOLTAGE DRIFT 
Another related parameter to offset voltage is 
Vas drift with temperature. Present-day am
plifiers usually possess Vas drift levels in the 
range of 5"VI"C to 40"VI"C. The magnitude 
of Vas drift is directly related to the initial 
offset voltage at room temperature. Amplifi
ers exhibiting larger initial offset voltages will 
also possess higher drift rates with tempera
ture. A rule of thumb often applied is that the 
drift per ·C will be 3.31N for each millivolt of 
initial offset. Thus, for tighter control of ther
mal drift, a low offset amplifier would be 
selected. 

,,~ -+ A .. 

I. • 
~ ~ 

I.- 2 

Figure 3. Input Bias Current 

INPUT BIAS CURRENT 
Referring to Figure 3, it is apparent that the 
input pins of this op amp are base inputs. 
They must, therefore, possess a DC current 
path to ground in order for the input to 
function. Input bias current, then, is 'the DC 
current required by the inputs of the amplifier 
to properly drive the first stage.' 

The magnitude of IBIAS is calculated as the 
average of both currents flowing into the 
inputs and is calculated from 

1, + 12 
IB=-2- (4) 

Bias current requirements are made as small 
as possible by using high beta input transis
tors and very low collector currents in the first 
stage. The trade-off for bias current is lower 
stage gain due to low collector current levels 
and lower slew rates. The effect upon slew 
rate is covered in detail under the compensa
tion section. 

INPUT OFFSET CURRENT 
The ideal case of the differential amplifier and 
its associated bias current does not possess 
an input offset current. Circuit realizations 
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always have a small difference in bias cur
rents from one input to the other, however. 
This difference is called the input offset 
current. Actual magnitudes of offset current 
are usually at least an order of magnitude 
below the bias current. For many applications 
this offset may be ignored but very high gain, 
high input impedance amplifiers should pos
sess as little los as possible because the 
difference in currents flowing across large 
impedances develops substantial offset volt
ages. Output voltage offset due to los can be 
calculated by 

VOUT = AcI(losRs) (5) 

Hence, high gain and high input impedances 
magnify directly to the output, the error creat
ed by offset current. Circuits capable of 
nulling the input voltage and current errors 
are available and will be covered later in this 
chapter. 

INPUT OFFSET CURRENT 
DRIFT 
Of considerable importance is the tempera
ture coefficient of input offset current. Even 
though the effects of offset are nulled at room 
temperature, the output will drift due to 
changes in offset current over temperature. 
Many popular models now include a typical 
specification for los drift with values ranging 
in the 0.5nA1"C area. Obviously, those appli
cations requiring low input offset currents 
also require low drift with temperature. 

INPUT IMPEDANCE 
Differential and common-mode impedances 
looking into the input are often specified for 
integrated op amps. The differential imped
ance is the total resistance looking from one 
input to the other, while common-mode is the 
common impedance as measured to ground. 
Differential impedances are calculated by 
measuring the change of bias current caused 
by a change in the input voltage. 

COMMON-MODE RANGE 
All input structures have limitations as to the 
range of voltages over which they will operate 
properly. This range of voltages impressed 
upon both inputs which will not cause the 
output to misbehave is called the common
mode range. Most amplifiers possess com
mon-mode ranges of ± 12V with supplies of 
±15V. 
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Figure 4. Effects of CMRR on 
Voltage-Follower 

COMMON-MODE REJECTION 
RATIO 
The ideal operational amplifier should have 
no gain for an input Signal common to both 
inputs. Practical amplifiers do have some gain 
to common-mode signals. The classic defini
tion for common-mode rejection ratio of an 
amplifier is the ratio of the differential signal 
gain to the common-mode signal gain ex
pressed in dB as shown in equation 6a. 

CMRR(dB) = 20 IO~ (6a) 
eo/eCM 

The measurement CMRR as in 6a requires 2 
sets of measurements. However, note that if 
eo in equation 6a is held constant, CMRR 
becomes: 

CMRR(dB) = 20 log eCM (6b) 
el 

A new alternate definition of CMRR based on 
6b is the ratio of the change of input offset 
voltage to the input common-mode voltage 
change producing it. 

Figure 4 illustrates the application of the 
equivalent common-mode error generator to 
the voltage-follower circuit. The gain of the 
voltage-follower with error contributions 
caused by both finite gain and finite common
mode rejection ratio is shown in equation 7. 

eo _ 1±I/CMRR 

elN 1 + I/A 
(7) 

where A equals open-loop gain and is fre
quency-dependent. 

AC PARAMETERS 
Parameter definition has, up to this point, 
been dealing primarily with DC quantities of 
voltages currents, etc. Several important AC, 
or frequency-dependent parameters will now 
be discussed. 

An ideal gain block was defined earlier as one 
which would provide infinite gain and band
width. Real circuits approximate infinite open
loop gain with low frequency gains in excess 
of 100dB. The very high gains achieved with 
present designs are possible only by cascad
ing stages. Although providing very high 

I 
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open-loop gain, the cascading of stages re
sults in the need for frequency compensation 
in closed-loop configurations and reduces the 
open-loop. 

LARGE-SIGNAL BANDWIDTH 
The large-signal or power bandwidth of an 
amplifier refers to its ability to provide its 
maximum output voltage swing with increas
ing frequency. At some frequency the output 
will become slew rate limited and the output 
will begin to degrade. This point is defined by 

Slew Rate 
fpL = -,--::--

21T • EOUT 
(8) 

where fpL is the upper power bandwidth 
frequency and EOUT is the peak output swing 
of the amplifier. 

SLEW RATE 
The maximum rate of change of the output in 
response to a step input signal is termed slew 
rate. Deviation from the ideal is caused by the 
limitation in frequency response of the ampli
fier stages and the phase compensation tech
nique used. Summing node and amplifier 
output capacitances must be kept to a mini-

a. 

'OUT 

---I'-t--61 

b. 

.. ~ 61 

Figure 5. Amplifier Slew Rate 
Limitations 
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mum to guarantee getting the maximum slew 
rate of the operational amplifier. Circuit board 
layout must also be of high frequency quality. 
Power supplies should be adequately by
passed at the pins, with both low and high 
frequency components, to avoid possible 
ringing. A selection of a proper capacitor in 
parallel with the feedback resistor may .be 
necessary. Too small a value could result in 
excessive ringing and too large a value will 
decrease frequency response. In general, the 
worst case slew rate is in the unity gain non
inverting mode (see Figure Sa). Specifications 
of slew rate should always reflect this worst 
case condition with the maximum required 
compensation network. 

FREQUENCY RESPONSE 
Distributed capacitances and transit times in 
semiconductors cause an upper frequency 
limit or pole for each gain stage. Monolithic 
PNP transistors, used for level shifting, pos
sess poor upper frequency characteristics. 
Cascaded gain stages, used to approach the 
highest gain, subtract from the maximum 
frequency response. As shown in Figure 6, 
the open-loop frequency response of the op 
amps shown crosses unity gain at approxi
mately 10MHz. Closed-loop response is un-

NOTE: 
All resistor values are in ohms. 

"2 .... 

.ao 

.00 

.. 
; .. 
L 
~ .. 
... , 

'" '" '" ~ C,-30pF 

"'-''IV 
'A"We 

'" '\ 
"-
~ \ 

[\\ 

Figure 6. Open-Loop Voltage Gain as a 
Function of Frequency 

stable without compensation, however, so 
typical unity gain frequencies are readjusted 
by the effects of phase compensation, in this 
case 1 MHz. 

From Figure 6, it is also apparent that an 
amplifier has a trade-off between gain and 
bandwidth. Higher gains are achieved at the 
expense of bandwidth. This trade-off is a 
constant figure called the gain bandwidth 
product. 

V, 

Figure 7. Circuit Diagram Used for CMRR Measurement 

NOTE: 

.. ,ao 

All resistor values are in ohms. 

\tAvo.-"u..,+IbI' 
IAMI'lI a HOLD 
1, MltotIiTtMOWNA'I'CIITKlNl 
2. MlTCtIlfnMClMfATIICIIITK!NZ 

Figure 8. Circuit Diagram Used for Average Bias Current Measurement 
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All resistor values are in ohms. 
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Figure 9. A Typloal Op Amp Test Circuit (Simplified) 

"'-'000 SWITCH AT POIITlDN1 
flS .. 101tO SWITCH AT POIITION:2 
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Figure 10. Circuit Diagram Used for Offset Voltage and 
Offset Current NOTE: 

All resistor values are in ohms. 
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TC06570S 

Figure 11. Circuit Diagram Used for Large·Slgnal Open·Loop 
Gain Measurement 
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TEST METHODS 
Product testing of integrated circuits uses 
automatic test equipment Large computer
controlled test decks test all data sheet limits 
in a matter of milliseconds. Each parameter is 
tested in a specific circuit configuration de
fined by the test hardware. 

A typical simplified op amp test configuration 
is depicted by Figure 9. Units may be classed 
in several categories according to selected 
parameters. Even failures may be classified 
categorically, depending upon their mode of 
failure. 

Figures 7, 8, 10 and 11 illustrate the general 
test setups commonly used to measure 
CMRR, average bias current, offset voltage 
and current, and open-loop gain, respectively. 

In general, the following parameters are test
ed under the following conditions. 

COMMON-MODE REJECTION 
The test setup for CMRR is given in Figure 7. 
Resistor values are chosen to provide suffi
cient sensitivity and accuracy for the device 
type being tested and the voltage measuring 
equipment being used. 

The positive common-mode input voltage 
within the range VCMl is algebraically sub
tracted from all supply voltages and from Yo. 
Then V 1 is measured (V 11). The most nega
tive common-mode voltage within the range, 
V CM2, is then subtracted from all the supply 
voltages and Yo, and V1 is again measured 
(V12)· 

Then 

CMRR= (R1 + R2)/R1(VCM1-VCM2)/ 
V11 - V12 

(9) 

This operation is equivalent to swinging both 
inputs over the full common-mode range, and 
holding the output voltage constant, but it 
makes the V1 measurement much simpler. 

BIAS CURRENT 
Bias current is measured in the configuration 
of Figure 8. 

With switches at position 1 and Vo = OV, 
measure V 11. Move switches to position 2 
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and again measure V12. Calculate IBIAS (aver
age), by 

R1 (V1) 
IBl = R1 + R2 R3 (10a) 

R1 (V1) 
IB2 = R1 + R2 R3 (10b) 

IBl + IB2 R1 V11 - V12 
IBIAS(avg) = --2- = R1 + R2 ~ 

(10c) 

OFFSET VOLTAGE 
Figure 10 is used for both offset voltage and 
current With Vo at OV and the switches 
selecting the source impedance of 100n, the 
offset voltage is measured at V 1 and is equal 
to 

(11) 

OFFSET CURRENT 
Offset current is measured by calculation of 
offset voltage change with a change in 
source impedance. With switches in position 
1, measure V12. Calculate the contribution of 
los by 

(12) 

SIGNAL GAIN 
The signal gain of operational amplifiers is 
most commonly specified for the full output 
swing. 

This is referred to as large signal voltage gain 
and can be measured by the circuit of Figure 
11. Usually specified under a specific load 
determined by RL, a signal equal to the 
maximum swing of the output voltage is 
applied to Vo in both positive and negative 
directions. V 11 and V 12 are measured values 
of V 1 and Vo = maximum positive and maxi
mum negative signals, respectively. The gain 
of the device under test then becomes 

( R1 + R2 ) ( VOl - V02 ) Avo = --- ----
R1 Vll-V12 

(13) 

SLEW RATE 
Many other parameters are checked auto
matically by similar means. Only the most 
important ones have been covered here. Of 
great interest to the designer are other pa
rameters which do not necessarily carry mini
mum or maximum limits. One such parameter 
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Figure 12. Measuring Slew 

is slew rate. The configuration used to mea
sure slew rate depends upon the intended 
application. Worst case conditions arise in the 
unity gain non-inverting mode. 

Figure 12 shows a typical bench setup for 
measuring the response of the output to a 
step input The input step frequency should 
be of a frequency low enough for the output 
of the op amp to have sufficient time to slew 
from limit to limit In addition, VIN must be less 

+15 V 

>---,,....-<)EOUT 

a. 

EOUT (VOt.T$I ,. 
12 

I-+-+--+-I-II-+--+--IE'N 
2 3 4 (MILLIVOLTS) -4 -3 -2 -1 

~ 
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----12 

-1. 
b. 
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Figure 13. Transfer Curve of 531 
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than absolute maximum input voltage and the 
waveform should have good rise and fall 
times. The slew rate is then calculated from 
the slope of the output voltage versus time or 

AVOUT 
SR =~ in VlIJS (14) 

OP AMP CURVE TRACER 
Two of the most important parameters of 
linear integrated circuits having differential 
inputs are voltage gain and input offset volt
age. These parameters may be read directly 
from a plot of the transfer characteristic of the 
device. This memo will describe a very simple 
curve tracer which, when used with an oscillo
scope, will display the transfer characteristic 
of most Signetics linear devices. 

Figure 13 shows the transfer characteristics 
of a typical linear device, the Signetics 
NE531. Note that the unH saturates at ap
proximately + 12V and -12V and exhibHs a 
linear transfer characteristic between -10V 
and +10V. 

From the slope of this linear portion of the 
transfer characteristic, and from the point and 
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Figure 14. Curve Tracer Schematic 

+ 10V where it crosses the EIN axis, the 
voltage gain and offsat voltage may be deter
mined. It can be seen that the voltage gain of 
the device under test, (OUT), is 50,000 and its 
input offset voltage is 1.0mV. 

A simple circuH to display the curves of Figure 
13 on an oscilloscope is shown in Figure 14. 
A 60Hz, 44Vp_p sinewave is applied to the 
horizontal input of oscilloscope and an atten
uated version of the sinewave is applied to 
the input of the OUT. 

The output of the OUT drives the vertical 
input of the scope. For providing V + and V
to the OUT, the tester uses two simple 
adjustable regulators, both current-limited at 
25mA. Input drive to the OUT may be select
ed by means of 8-2 as shown. 

To use the curve tracer, first preset the V+ 
and V- supplies with an accurate meter. The 
supply voltages are somewhat dependent on 
AC line regulation and should be checked 
periodically. The horizontal gain of the scope 
may be set to give a convenient readout of 
the peak-to-peak OUT input signal corre
sponding to the setting of 8-2. As some 
devices have two outputs, a second output 
line (vertical 2) has been provided for these 
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devices. The transfer function of such de
vices will be inverted to that of Figure 13. 

SimplicRy and low cost are the two major 
attributes of this tester. It is not intended to 
perform highly rigorous tests for all devices. It 
is, however, a reasonably accurete means of 
determining the gains and offset voltages of 
most amplifiers. It will, in addition, indicate the 
transfer curves of comparators and sense 
amplifiers wHh equivalent accuracies. 

AMPLIFIER DESIGN 
Linear operational amplifier ICs were intro
duced soon after the appearance of the first 
dig Hal integrated circuits. The performance of 
these early devices, however, left much to be 
desired until the Introduction of the 709 de
vice. Even with Hs lack of short-circuit protec
tion and Its complicated compensation re
quirements, the 709 gained real acceptance 
for the IC op amp. The 709 was designed 
using a three-stage approach requiring both 
input and output stage compensation. In addl~ 
tion, the output stage was not short-circuit 
proof and the input stage latched-up under 
certain conditions, requiring external protec
tion. 

I 
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Much better designs soon were introduced. 
Among the contenders were the 741, 748, 
101, and 107 devices. All were general pur
pose devices with single capacitor compen
sation, (some were internally-compensated), 
and all heralded input and output overstress 
protection. The basic design has two gain 
.stages. By rolling off the frequency response 
of one of these (the second stage), so that 
the overall gain is unity at a frequency below 
the point where excess phase becomes sig
nificant, the device can be stabilized for all 
feedback configurations. Further, by making 
the first stage a vOltage-to-current converter, 
with a small gM and the second stage' a 
current-to-voltage converter with a high rM, 
the second stage can be rolled off at BdB 
octave with a small value 'capacitor in the 
order of 30pF, which can then be built into the 
device itself. This concept is shown in Figure 
15. 

Figure 15. Basic Two-Stage Op Amp 
Design 

The frequency and phase response of the 
PNP devices in the first stage dictate a roll-off 
in the second stage to give a loop gain of 
unity at about 1.0MHz. For the unity gain 

feedback configuration, this implies an open
loop gain of unity at this frequency. The 
capacitor Cc controls this parameter by look
ing much smaller than rM at frequencies 
above a few cycles, giving a clean SdB/ 
octave roll-off over 5 decades. 

The overall gain at frequencies where the 
impedance of Cc dominates rm is given by 

qlSl 1 
Av( )-_.-

w 4kT wCc 
(15) 

Substituting the value given, we find that a 
capacitance of Cc = 30pF gives a unity gain 
frequency of about 1.0MHz. 

First-stage large signal current also defines 
the slew rate for a specific compensation 
technique. It is this current which must charge 
and discharge the Cc by the expression 

SR = dV = ILS 
dT Cc 

(IS) 

where ILS is the largest signal current of the 
input stage. Obviously, the slew rate can be 
improved by increasing the first-stage collec
tor current. This WOUld, however, reflect di
rectly upon the bias current by increasing it. 

Two serious limitations, then, of these de
vices for diverse applications are input bias 
current and slew rate. Both may be overcome 
with small changes of the input structure to 
yield higher performance devices. 

Reducing the input bias 'current becomes a 
matter of raising the transistor beta of the first 

Figure 18. Input Structure of 531 
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stage. Several current designs boasting very 
low input currents use what is termed super 
beta input devices. These transistors have 
betas of 1,500 to 7,000. Bias currents under 
2nA can be achieved in this way. Even 
though the BVCEO of such transistors can be 
as low as tV, the lower breakdowns are 
accounted for in the input stage by rearrang
ing the bias technique .. Bandwidths and slew 
rates suffer only slightly as a result of the 
lower current levels. 

The second limitation of 741 devices is slew 
rate. As previously mentioned, the rate of 
change is dictated by the compensation ca
paCitance as charged by the large signal 
current of the first stage. By altering the large 
Signal gM of the first stage as depicted by 
Figure 18, the slew rate can be dramatically 
increased. 

The additional current supplied during large 
signal swings by current source 14 causes the 
first-stage transfer function to change as 
shown in Figure 19. The compensation ca
pacitor is returned to the output of the NE531 
structure because the output driving source 
must be capable of supplying the increased 
current to charge the capacitor. 

Large-signal bandwidths with this input struc
ture will be essentially the same as the. small
signal response. Full bandwidth possibilities 
of this configuration are still limited by the 
beta and fl of the lateral PNP devices used for 
collector loads in the first stage. Even so, the 
slew rate of the NE531 and NE538 is a factor 
of 40 better than general purpose devices. 

lOUT 

NES31 r--

1 
------;;"'/""------V,N 
----"/ 7 __ J 

Figure 19. Voltage/Current Curves of 
First Stage 
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BASIC FEEDBACK THEORY 
In AN165, the ideal op amp was defined. The 
ideal parameters are never fully realized but 
they present a very convenient method for 
the preliminary analysis of circuitry. So impor
tant are these ideal definitions that they are 
repeated here. The ideal amplifier possesses 

1. Infinite gain 
2. Infinite input impedance 
3. Infinite bandwidth 
4. Zero output impedance 

From these definitions two important theo
rems are developed. 

1. No current flows into or out of the input 
terminals. 

2. When negative feedback is applied, the 
differential input voltage is reduced to zero. 

Keeping these rules in mind, the basic con
cept of feedback can be explored. 

VOLTAGE-FOLLOWER 
Perhaps the most often used and simplest 
circuit is that of a voltage-follower. The circuit 
of Figure 1 illustrates the simplicity. 

TC1Q:!9IlS 

Figure 1. Voltage-Follower 

Applying the zero differential input theorem, 
the voltages of Pins 2 and 3 are equal, and 
since Pins 2 and 6 are tied together, their 
voltage is equal; hence, EOUT = EIN. Trivial to 
analyze, the circuit nevertheless does illus
trate the power of the zero differential voltage 
theorem. Because the input impedance is 
multiplied and the output impedance divided 
by the loop gain, the voltage-follower is ex
tremely useful for buffering voltage sources 
and for impedance transformation. 

The basic configuration in Figure 1 has a gain 
of 1 with extremely high input impedance. 
Setting the feedback resistor equal to the 
source impedance will cancel the effects of 
bias current if desired. 

However, for most applications, a direct con
nection from output to input will suffice. Errors 
arise from offset voltage, common-mode re-
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jection ratio, and gain. The circuit can be used 
with any op amp with the required unity gain 
compensation, if it is required. 

NON-INVERTING AMPLIFIER 
Only slightly more complicated is the non
inverting amplifier of Figure 2. 

At. I 
TC1D30OS 

Figure 2. Non-Inverting Amplifier 

The voltage appearing at the inverting input is 
defined by 

EOUT'RIN 
E2=--

RF+ RIN 
(1a) 

Since the differential voltage is zero, E2 = Es, 
and the output voltage becomes 

EOUT = ES( 1+ ~: ) (1b) 

It should be noted that as long as the gain of 
the closed-loop is small compared to open
loop gain, the output will be accurate, but as 
the closed-loop gain approaches the open
loop value more error will be introduced. 

The signal source is shown in Figure 2 in 
series with a resistor equal in size to the 
parallel combination of RIN and RF' This is 
desirable because the voltage drops due to 
bias currents to the inputs are equal and 
cancel out even over temperature. Thus over
all performance is much improved. 

The amplifier does not phase-invert and pos
sesses high input impedance. Again the im
pedances of the two inputs should be equal 
to reduce offsets due to bias currents. 

INVERTING AMPLIFIER 
By slightly rearranging the circuit of Figure 2, 
the non-inverting amplifier is changed to an 
inverting amplifier. The circuit gain is found by 
applying both theorems; hence, the voltage at 

4-25 

the inverting input is 0 and no current flows 
into the input. Thus the following relationships 
hold: 

Es Eo 
-+-=0 
RIN RF 

Solving for the output Eo 

EOUl 

I 
Figure 3. Inverting Amplifier 

(2a) 

(2b) 

As opposed to the non-inverting circuits the 
input impedance of the inverting amplifier is 
not infinne but becomes essentially equal to 
RIN. This circuit has found widespread accep
tance because of the ease with which input 
impedance and gain can be controlled to 
advantage, as in the case of the summing 
amplifier. 

With the inverting amplifier of Figure 3, the 
gain can be set to any desired value defined 
by R divided by RIN. Input impedance is 
defined by the value of RIN and R should 
equal the parallel combination of RIN and R to 
cancel the effect of bias current. Offset volt
age, offset current, and gain contribute most 
of the errors. The ground may be set any
where within the common-mode range and 
any op amp will provide satisfactory re
sponse. 

CURRENT -TO-VOLTAGE 
CONVERTER 
The transfer function of the current-to-voltage 
converter is 

(3) 

I 
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Evaluation of the circuit depends upon the 
virtual ground theorem developed earlier. The 
current flowing into the input must be the 
same as that flowing across R1, hence, the 
output voltage is the IR drop of R1. 

Limitations, of course, are output saturation 
voltage and output current capability. The 
inputs may be biased anywhere within the 
common-mode range. 

DIFFERENTIAL AMPLIFIER 
This circuit of Figure 5 has a gain with respect 
to differential signals of R21 R 1. 

The common-mode rejection is dominated by 
the accuracy of the resistors. Other errors 
arise from the offset voltage, input offset 
current, gain and common-mode rejection. 
The circuit can be used with any op amp 
discussed in this chapter with the proper 
compensation. 

SUMMING AMPLIFIER 
The summing amplifier is a variation of the 
inverting amplifier. The output is the sum of 
the input voltages, each being weighed by 
RF/RIN. 

The value of R4 may be chosen to cancel the 
effects of bias current and is selected equal 
to the parallel combination of RF and all the 
input resistors. 

R2 

R • 

~-.~. 
IIN~ ~"Nm 

":" "'=" 

Figure 4_ Current-ta-Voltage Converter 

INTEGRATOR 
Integration can be performed with a variation 
of the inverting amplifier by replacing the 
feedback resistor with a capacitance. The 
transfer function is defined by 

t 

VOUT = -~ \IN'dt 
RCJ" 

o 
(4) 

The gain of the circuit falls at 6dB per octave 
over the range in which strays and leakages 
are small. 

Since the gain at DC is very high a method for 
resetting initial conditions is necessary. 
Switch S 1 removes the charge on the capaci
tor. A relay or FET may be used in the 
practical circuit. Bias and offset currents and 
offset voltage of the switch should be low in 
such an application. 

•• ,0---'\11""'''''-1 
R3 >-4>--oVOUT -182 -e.l (~) 

R1" R3. 
R2"· R4 

''''''"''''' 
Figure 5_ Differential Amplifier 

R. R, 
8. 

R2 
"2"-

RS 

~ 8S 
I 

VOUT' [-.. ~)l' [ ... (~)l' [-"~)l I r-V I .. 
':" 

Figure 6_ Summing Amplifier 
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•• 

Figure 7_ Integrator 

DIFFERENTIATOR 
The differentiator of Figure 8 is another varia
tion of the inverting amplifier. The gain in
creases at &dB per octave until it intersects 
the amplifier open-loop gain, then decreases 
because of the amplifier bandwidth. This 
characteristic can lead to instability and high 
frequency noise sensitivity. 

., 
Cr 0--; -

.2 

Figure 8. Dlfferentlator 

A more practical circuit is shown in Figure 9. 
The gain has been reduced by R3 and the 
high frequency gain reduced by C2, allowing 
better phase control and less high frequency 
noise. Compensation should be for unity gain. 

•• 

R3 Cf 

~ 

.2 

Figure 9_ Practical Dlfferentlator 

COMPENSATION 
Present-day operational amplifiers are com
prised of multiple stages, each of which has a 
3dB point or pole associated with it. Referring 
to Figure 10, the 3dB breakpoints of a two
stage amplifier are apprOximated by the Bode 
plot. 
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As with any feedback loop, the op amp must 
be protected from phase shifts in excess of 
360'. A steady 180' phase shift is developed 
by the amplifier from output to inverting input. 
In addition, the sum of all additional shifts due 
to amplifier poles or feedback component 
poles will cause the necessary additional 
180' to sustain oscillation if the gain of the 
amplifier is greater than one for the frequency 
at which the 180' phase shift is reached. By 
adding poles and zeros to the amplifier re
sponse externally, the phase shift can be 
controlled to insure stability. 

Many op amps now include internal compen
sation. These are single capacitors of 30pF, 
typically, and the amplifier will remain stable 
for all gains. However, since they are uncon
ditionally stable, the compensation is larger 
than required for most applications. The re
sultant loss of bandwidth and slew rate may 
be acceptable in the general case, but selec
tion of an externally-compensated device can 
add a great deal to the amplifier response if 
the compensation is handled properly. 

In order to fully develop the point at which 
instability occurs, a fuller understanding of 
phase response is necessary. 

The diagram of Figure 11 depicts the phase 
shift of a single pole. Note that at the pole 
position the phase shift is 45' and that phase 
shift becomes O' for a decade below the pole 
and - 90' for a decade above the pole loca
tion. This is a Bode approximation which 
possesses a 5.7' error at O' and 90', but this 
error is usually considered small enough to be 
ignored. The single pole produces a maxi
mum of 90' phase shift and also produces a 
frequency roll-off of 20dB per decade. The 
addition of the second pole of Figure 12 
produces an additional 90' phase shift and 
increases the roll-off slope to -40dB per 
decade. 
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Figure 10_ Frequency Compensation 

February 1987 

IAI(d1ll 

.. 
0.1'. '. 10'. 

0"""", 
Figure 11. Slngle·Pole Amplitude and 

Phase Response 
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Figure 12. Two-Pole Closed·Loop 
Response 

At this point, phase shift could exceed 180' 
because unity gain is reached, causing stabili· 
ty. For gain levels equal to Al or 1/{3, the 
phase shift is only 90' and the amplifier is 
stable. However, the gain of A2 the phase 
shift is 180' and the loop is unstable. Gains in 
between Aland A2 are marginally stable. 

4·27 

Application Note 

AN166 

However, as shown in Figure 13, the phase 
shift as it approaches 180' causes increasing 
frequency peaking and overshoot until sus
tained oscillations occur. 

It is generally accepted in the interest of 
minimized frequency peaking to limit the 
phase shift of the amplifier to 135' or a phase 
margin of 45'. At this margin the second
order response of the system is critically 
damped and oscillation is prevented. 

IAI(d8) 

LDOPGAIN 

L-________________ ~--~F 

Figure 13. Frequency Peaking Due to 
Insufficient Phase Margin 

Referring to Figure 14, the required compen
sation can be determined. Given the open
loop response of the amplifier, the desired 
gain is plotted until it intercepts the open-loop 
curve as shown. 
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Figure 14. Frequency Compensation 

The phase shift for minimum peaking is 135'. 
Remembering that phase shift is 45' at the 
frequency pole, the example of Figure 14 will 
be unstable at gains less than 20dB where 
phase shift exceeds 180', and will possess 
excessive overshoot and ringing at gains Iss 
than 60dB where phase shift exceeds 135'. 
Thus, the desired compensation will move the 
second pole of the amplifier out in frequency 
until the closed-loop gain intersecta the open
loop response before the second break of the 
amplifier occurs. Selecting only enough com
pensation to do the job assures the maximum 

I 
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bandwidths and slew rates of the amplifier. 
Additional in-depth information on compensa
tion can be found In the reference material. 

FEED·FORWARD 
COMPENSATION 
External compensation has been shown to 
improve amplHier bandwidth over internal 
compensation in the preceding section. Addi
tional bandwidth can be realized if feed
forward compensation is used. Bandwidth is 
limited In monolithic design by the poor fre
quency response of the PNP level shifters of 
the first stage. 

Figure 15_ Technique ot Feed·Forward 
Around 1st Stage 

February 1987 

The concept of feed·forward compensation 
bypasses the input stage at high frequencies 
driving the higher frequency second stage 
directly as pictured by Figure 15. The Bode 
plot of Figure 16 shows the additional re
sponse added by the feed·forward technique. 
The response of the original amplifier requires 
less compensation at lower frequencies al· 
lowing an order of magnitude improvement in 
bandwidth. Standard compensation and feed
forward are both plotted to illustrate the 
bandwidth improvement. Unfortunately, the 
use of feed·forward compensation is restrict· 
ed to the inverting amplifier mode. 
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Figure 16. Frequency Response WIth 
Feed·Forward Compensation 
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DESCRIPTION 
The LM124/SA534/LM2902 series con
sists of four independent, high-gain, in
ternally frequency-compensated opera
tional amplifiers designed specifically to 
operate from a single power supply over 
a wide range of voltages. 

UNIQUE FEATURES 
In the linear mode, the input common
mode voltage range includes ground 
and the output voltage can also swing to 
ground, even though operated from only 
a single power supply voltage. 

The unity gain cross frequency and the 
input bias current ACC are temperature
compensated. 

ORDERING INFORMATION 

Product Specification 

FEATURES 
• Internally frequency-compensated 

for unity gain 
• Large DC voltage gain -100dB 
• Wide bandwidth (unity gain)-

1 MHz (temperature·compensated) 
• Wide power supply range 

Single supply - 3Voc to 30Voc 
or dual supplies - ± 1.SVoc to 
±1SVoc 

• Very low supply current drain
essentially independent of supply 
voltage (1mW/op amp at +SVoc) 

• Low Input biasing current-
4SnAoc (temperature· 
compensated) 

• Low input offset voltage-
2mVoc and offset current
SnAoc 

• Differential input voltage range 
equal to the power supply 
voltage 

• Large output voltage - OVoc to 
V± 1.SVoc swing 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

14-Pin Plastic DIP -5S·C to + 12S·C LM124N 

14-Pin Ceramic DIP -S5·C to + 12S·C LM124F 

14-Pin Plastic DIP -25·C to +8S·C LM224N 

14-Pin Ceramic DIP -25·C to +B5·C LM224F 

14·Pin Plastic DIP o to +70·C LM324N 

14·Pin Ceramic DIP o to +70·C LM324F 

14-Pin Plastic SO o to +70·C LM324D 

14·Pin Plastic DIP -40·C to + 8S·C SAS34N 

14-Pin Ceramic DIP -40·C to + 85·C SAS34F 

14·Pin Plastic SO -40·C to + 8S·C SA534D 

14-Pin Plastic SO -40·C to + 85·C LM2902D 

14-Pin Plastic DIP -40·C to + 85·C LM2902N 

PIN CONFIGURATION 

D, F, N Packages 

TOP VIEW 

·Please contact your local Signetics Sales Office or the Signetics factory for information on the LM324A offered in 14·Pin Plastic DIP or SO. 

-INPUT. 

+tNPUT 4 

QND 

+INPUT3 

CD09940S 
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Low Power Quad Op Amps LM124/224/324/A*/SA534/LM2902 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Vee Supply voltage 

VIN Differential input voltage 

VIN Input voltage 

Po Maximum power dissipation, 
T A - 25·C (still-air) 1 

N package 
F package 
D package 

Output short-circuit to GND 1 
amplifler2 
Vee < 16Vee and T A = 25·C 

VIN Input current (VIN < -0.3V)3 

TA Operating ambient temperature range 
LM324 
LM224 
SA534/LM2902 
LM124 

TsrG Storage temperature range 

TSOLD Lead soldering temperature (1 Osee max) 

NOTES: 
1. Dera1e above 25·C, at the following rates: 

F package at 9.5mWI"C 
N package at 11.4mWI"C 
o package at B.3mWI"C 

RATING UNIT 

32 or ± 16 Vee 

32 Vee 

-0.3 to +32 Vee 

1190 mW 
1420 mW 
1040 mW 

Continuous 

50 rnA 

o to +70 ·C 
-25 to +85 ·C 
-40 to +85 ·C 
-55 to +125 ·C 

-65 to +150 ·C 

300 ·C 

2. Short-circuits Irom the output to Vee + can cause excessive heating and .eventual destruction. 
The maximum output current is approximately 4OmA, independent 01 the magnitude 01 Vee- At 
values 01 supply voltage In excess 01 + 15Voc continuous short-cIrcuits can exceed the power 
dissipation ratings and cause evenlUaJ destruction. 

3. The direction 01 the Input current is out 01 the IC due to the PNP input s1ege. This current is 
essentially conS1ent, independent 01 the S1e1e 01 the output, so no loading change exists on the 
input lines. 

DC ELECTRICAL CHARACTERISTICS Vee = 5V, TA - 25·C, unless otherwise specified. 

LM124/LM224 
SYMBOL PARAMETER TEST CONDITIONS 

Min Typ Max 

Vos Offset voltage 1 Rs-On ±2 ±5 
Rs - on, over temp. ±7 

Vos Drift Rs=On 7 

lalAS Input current2 IIN(+) or IIN(-) 45 150 
IIN( +) or IIN( -), over temp. 40 300 

la Drift Over tamp. 50 

los Offset current IIN( +) -IIN( -) ±3 t30 
IIN( + 0 - IIN( -), over temp. ±100 

los Drift Over temp. 10 

VCM 
. Common-mode voltage Vee- 3OV 0 V±I.5 
range3 Vee = 30V, over temp. 0 V±2 

CMRR Common-mode rejection ratio Vcc = 30V 70 85 

LM324/SA5341 
LM2902 

Min Typ Max 

±2 ±7 
±9 

7 

45 250 
40 500 

50 

t5 tOO 
tl50 

10 

0 V±I.5 
0 V±2 

65 70 

-Please conlee! your local Signetics Sales Office or the Slgnetics factory lor information on the LM324A offered in 14-Pin Plaatic DIP or SO. 
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UNIT 

mV 
mV 

p.V/·C 

nA 

pArc 

nA 
nA 

pAl·C 

V 
V 

dB 
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Low Power Quad Op Amps LM 124/224/324/ A'" /SA534/LM2902 

DC ELECTRICAL CHARACTERISTICS (Continued) vee = SV. TA - 2SOC. unless otherwise specified. 

LM124/LM224 LM324/SA5341 
SYMBOL PARAMETER TEST CONDITIONS LM2902 UNIT 

Min Typ Max Min Typ Max 

VOUT Output voltage swing RL = 2kn. Vee - +30V. 26 26 V 
over temp. 

VOH Output voltage high RL <; 10kn. over temp. 27 28 27 28 V 

VOL Output voltage low RL <; 10kn. Vee = SV. 
5 20 5 20 mV 

over temp. 

RL = co. Vee = 30V. 
Icc Supply current over temp. 1.5 3 1.5 3 mA 

RL = co. on all op amps. 
over temp. 0.7 1.2 0.7 1.2 rnA 

Vcc=+15V 
(for large Vo swing) 50 100 25 100 VlmV 

AVOL Large-signal voltage gain RL;;'2kn 
Vee = +15V 

(for large Vo swing). 25 15 V/mV 
RL ;;. 2kn. over temp. 

Amplifier-to-amplifier coupling5 f = 1 kHz to 20kHz. -120 -120 dB 
input referred 

PSRR Power supply rejection ratio Rs<;On 65 100 65 100 dB 

lOUT Output current VIN+ - + Woe. VIN- - OVoc. 20 40 20 40 mA 
source Vee = 15Voe 

VIN+ = + Woc. VIN- = OVoe. 10 20 10 20 mA 
Vee = 15Voe. over temp. 

sink VIN- = + Woe. VIN+ = OVoc. 
V+ = 15Voe 10 20 10 20 mA 

Vltr - + Woe. VIN+ - OVoc. 
Vee = 15Voe. over temp. 5 8 5 8 mA 

VIN+ = OVoc. Vltr - + 1Voc. 
Vo=200mV 12 50 12 50 pA 

Isc Short-circuit current"' 10 40 60 10 40 60 mA 

VOIFF Differential input voltage3 Vee Vee 

GBW Unity gain bandwidth TA = 25°C 1 1 MHz 

SR Slew rate TA = 25°C 0.3 0.3 VIlIS 

VNOISE Input noise voltage TA = 25°C. f = 1kHz 40 40 nVlYHz 

NOTES: 
1. Vo '" 1.4Voc. Rs = on wi1h Vee from 5V to 30V and over full input common·mode range (OVoc+ to Vee -1.5V). 
2. The direction of the input current is out of the Ie due to the PNP input stage. This current is essentially constant. independent of the state of the output so no 

loading change exists on the input lines. 
3. The Input common-mode voltage or eHher input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode 

voltage range is Vee -1.5. but either or both inputs can go to +32V without damage. 
4. Short-circuHs from the output to Vee can cause excessive heating and eventual destruction. The maximum output current is approximately 40mA independent of 

the magnitude of V= At values of supply voltage in excess of + 15VOC. continuous short"';rcuHs can exceed the power dissipation ratings and cause eventual 
destruction. Destructive diSsipation can result from simultaneous shorts on all ampiHiers. 

5. Due to proxlmHy of external components. insure that coupling is not originating via stray capacHance between these external parts. This typically can be detected 
as this type of capacitive increases at higher frequencies. 

'Please contact your local Signetics Sales Office or the Signetics factory far information on the LM324A offered In 14-Pin Plastic DIP or SO. 
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Low Power Quad Op Amps LM 124/224/324/ A· /SA534/LM2902 

EQUIVALENT SCHEMATIC 

TYPICAL PERFORMANCE CHARACTERISTICS 
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Signetics Linear Products Product Specification 

low Power Quad Op Amps lM 124/224/324/ A * /SA534/lM2902 

TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 
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Signetics MC/SA1458/MC1558 
General-Purpose Operational 
Amplifier 

Linear Products 

DESCRIPTION 
The MC1458 is a high-performance op
erational amplifier with high open-loop 
gain, internal compensation, high com
mon-mode range and exceptional tem
perature stability. The MC1458 is short
circuit protected. 

The MC1458/SA1458/MC1558 consists 
of a pair of 741 operational amplifiers on 
a single chip. 

ORDERING INFORMATION 

Product Specification 

FEATURES 
• Internal frequency compensation 
• Short-circuit protection 
• Excellent temperature stability 
• High Input voltage range 
• No latch-up 
• 1558/1458 are 2 "op amps" in 

space of one 741 package 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

B-Pin Plastic SO o to +70·C MC145BD 

8-Pin Plastic DIP o to +70·C MC1458N 

B-Pin Plastic SO -40·C to +85·C SA1458D 

B-Pin Plastic DIP -40·C to +85·C SA1458N 

8-Pin Plastic DIP -55·C to +125·C MC155BN 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Vs Supply voltage 
MC1458 ±18 V 
SA1458 ±18 V 
MC1558 ±22 V 

TJ Junction temperature +150 ·C 

PMAX 
Maximum power dissipation. T A = 25·C 
(still-air)1 

N package 1160 mW 
D package 7BO mW 

VOIFF Differential input voltage ±30 V 

VIN Input voltage2 ±15 V 

Output short-circuit duration Continuous 

TA Operating ambient temperature range 
MC1458 o to +70 ·C 
SA1458 -40 to +85 ·C 
MC1558 -55 to +125 ·C 

TSTG Storage temperature range 

TSOLD Lead soldering temperature (10sec max) 

NOTES: 
I. The following derating factors should be applied above 25"C: 

N package at 9.3mW rc 
D package at 6.2mW rc. 

-65 to +150 ·C 

300 ·C 

2. For supply voltages less than ± 15V. the absolute maximum input voltage is equal to the supply voltage. 
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PIN CONFIGURATION 

D, N Packages 

OUTPUT A 1 

INVERTING 
INPUT A 7 OUTPUT B 

NOH.IN~~~~~ m!Z:::rI''f-'~''6 :~~~T!NG 

1-__ ....--5 ~c:~N8VERTING 

TOPYIEW 

853-1062 86704 



Signetics Linear Products Product Specification 

General-Purpose Operational Amplifier MCjSA1458jMC1558 

EQUIVALENT SCHEMATIC 

NON-INVERTING 
INPUT 

~--------~----~----~------------~-ov+ 
8 

,-----r-~I::.·Q14 

He 
250 

1 
OUTPUT 

4 
L---~~----~----~--~--~--~------~v_ 

Amplifier "A" of MC1458, SA1458, MC1558 

DC ELECTRICAL CHARACTERISTICS TA = 2SoC, Vs = ± lSV, unless otherwise specified. 

MC1558 
SYMBOL PARAMETER TEST CONDITIONS 

Min Typ 

Vos Offset voltage Rs= 10kU 1.0 
Rs = 10kU, over temperature 

f!Nos Offset voltage Over temperature 10 

los Offset current 20 
Over temperature 

LlIOS Offset current Over temperature 0.10 

IBIAS Input bias current 80 
Over temperature 

LlIBiAS Bias current Over temperature 1.0 

VOUT Output voltage swing RL = 10kU, over temperature ±12 ±14 
RL = 2kU, over temperature ±IO ±13 

AVOL Large-signal voltage gain RL = 2kU,Vo = ± 10V 50 100 
RL = 2kU, Vo = ± temperature 20 

Offset voltage adjustment range ±30 

SVRR Supply voltage rejection ratio Rs';;;IOkU 30 

CMRR Common mode rejection ratio 70 90 

Icc Supply current 2.3 

VIN Input voltage range ±12 ±13 

Po Power consumption 70 

Channel separation 120 

ROUT Output resistance 75 

Isc Output short-circuit current 10 26 
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UNIT 
Max 

S.O mV 
6.0 mV 

IlVloC 

200 nA 
500 nA 

nArC 

500 nA 
1500 nA 

nArC 

V 
V 

V/mV 
VlmV 

mV 

150 IlVIV 

dB 

5.0 rnA 

V 

150 mW 

dB 

U 

60 rnA 

I 



Signetics Linear Products Product Specification 

General-Purpose Operational Amplifier MCjSA1458jMC1558 

DC ELECTRICAL CHARACTERISTICS (Continued) TA = 25°C, Vcc = ± 1SV, unless otherwise specified. 

MC1458 SA1458 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Vos Offset voltage Rs= 10kO 2.0 6.0 2.0 6.0 mV 
Rs - 10kn, over temp. 7.5 7.5 mV 

I:J.Vos Offset voltage Over temperature 12 12 p.V/oC 

los Offset current 20 200 20 200 nA 
Over temperature 300 500 nA 

I:J.los Offset current Over temperature 0.10 0.10 nArC 

IBIAS Input bias current 80 500 80 500 nA 
Over temperature 800 1500 nA 

I:J.IBIAS Bias current Over temperature 1.0 1.0 nArC 

VOUT Output voltage swing RL= 10kO ±12 ±14 ±12 ±14 V 
RL = 2kO, over temp. ±10 ±13 ±10 ±13 V 

RL =2kO, Vo= ±10V 25 200 20 200 V/mV 
AVOL Large-signal voltage gain RL = 2kO, Vo = ± 10V, 

Over temperature 15 15 V/mV 

Offset voltage adjustment range ±30 ±30 mV 

SVRR Supply voltage rejection ratio Rs';;10kO 30 150 30 150 p.VIV 

CMRR Common-mode rejection ratio 70 90 70 90 dB 

Icc Supply current 2.3 5.6 2.3 5.6 rnA 

VIN Input voltage range ±12 ±13 ±12 ±13 V 

RIN Input resistance 0.3 1 0.3 1 MO 

Po Power consumption 70 170 70 170 mW 

Channel separation 120 120 dB 

Isc Output short-circuit current 25 25 rnA 

AC ELECTRICAL CHARACTERISTICS TA-25°C, Vs=±15V, unless otherwise specified. 

MC1458, SA1458, 

SYMBOL PARAMETER TEST CONDITIONS MC1558 UNIT 

Min Typ Max 

RIN Parallel input resistance Open-loop, f = 20Hz 0.3 MO 

Common-mode input impedance f= 20Hz 200 MO 

Equivalent input noise voltage Av=100, Rs=10kO, Bw=1.0kHz, f=1.0kHz 30 nV/v'Hz 

BW Power bandwidth Av = 1, RL = 2.0kO, THO';; 5%, VOUT = 20Vp_p 14 kHz 

Phase margin 65 degrees 

Av Gain margin 11 dB 

Unity gain crossover frequency Open loop 1.0 MHz 

Transient response unity gain VIN = 20mV, RL - 2kO, CL';; 100pF 
tR Rise time 0.3 p.s 

Overshoot 5.0 % 
SR Slew rate C';;100pF, RL~2kO, VIN=±10V 0.8 V/p.s 
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Signetlcs Unear Products Product Specification 

General-Purpose Operational Amplifier MCjSA1458jMC1558 

TYPICAL PERFORMANCE CHARACTERISTICS 
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Signetics Linear Products 

General-Purpose Operational Amplifier 

TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 
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Signetics Linear Products 

General-Purpose Operational Amplifier 

TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 
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Signetics MC3303 /3403 /3503 
Quad Low Power Operational 
Amplifiers 

Linear Products 

DESCRIPTION 
The MC3403 is a quad operational am
plifier with true differential inputs. The 
device has electrical characteristics sim
ilar to the popular /-lA741. However, the 
MC3403 has several distinct advantages 
over standard operational amplifier 
types in single supply applications. The 
MC3403 can operate at supply voltages 
as low as 3.0V or as high as 32V. The 
common-mode input range includes the 
negative supply, thereby eliminating the 
necessity for external biasing compo
nents in many applications. The output 
voltage range also includes the negative 
power supply voltage. 

ORDERING INFORMATION 

Product Specification 

FEATURES 
• Short-circuit protected outputs 

• Class AB output stage for 
minimal crossover distortion 

• True differential input stage 
• Single supply operation: 3.0 to 

32V 

• Split supply operation: ± 1.5 to 
±16V 

• Low input bias currents: 500nA 
max 

• Four amplifiers per package 
• Internally compensated 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

14-Pin Ceramic DIP -40'C to + 85'C MC3303F 

14-Pin Plastic DIP -40'C to + 85'C MC3303N 

14-Pin Plastic SO o to +70'C MC3403D 

14-Pin Ceramic DIP o to +70'C MC3403F 

14-Pin Plastic DIP o to +70'C MC3403N 

14-Pin Ceramic DIP -55'C to + 125'C MC3503F 

CIRCUIT SCHEMATIC (1'4 Shown) 

INPUTS 

+ 
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Signetics Linear Products 

Quad Low Power Operational Amplifiers 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Power supply voltage3 

Vce Single supply 36 Vae 
Vee Split supplies +18 Vae 
VEE -18 Vae 

VIDA Input differential voltage range 1 ±36 Vae 

VieR Input common-mode voltage range1, 2 ±18 Vae 

PMAX 
Maximum power dissipation, TA = 25°C 
(still-air)4 

F package 1.20 mW 
D package 1.04 mW 
N package 1.45 mW 

TSTG Storage temperature range 
Ceramic -65 to +150 °C 
Plastic -55 to +125 

TA Operating ambient temperature range 
MC3503 -55 to + 125 °C 
MC3403 o to +70 °C 
MC3303 -40 to +85 °C 

TJ Junction temperature 150 °C 

NOTES: 
1. Split power supplies. 
2. For supply voltages less than ± 15V, the absolute maximum input voltage is equal to the supply 

voltage. 
3. Device not functional for Single supply > 32V or split supply > ± 16V. 
4. Derate above 25°C at the following rates: 

F package at 9.SmW JOC 
a package at 8.7mW JOC 
N package at 11.6mWrC 

Product Specification 

MC3303 /3403 /3503 

DC AND AC ELECTRICAL CHARACTERISTICS Vee=+15V, VEE =-15V for MC3503, MC3403; Vee=+14V, VEE=GND 
lor MC3303. T A = 25°C, unless otherwise noted. 

MC3503 MC3403 MC3303 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max Min Typ Max 

2.0 5.0 2.0 10 2.0 8.0 
VIO I nput offset voltage T A = THIGH to T LOW 6.0 12 10 mV 

10 50 10 50 30 75 
110 Input offset current T A = THIGH to T LOW 200 200 250 nA 

Vo = ± 10V, 50 200 20 200 20 200 

AVOL 
Large-signal open- Vo = ± 10V RL = 2.0kn 50 200 20 

200 
20 

200 V/mV loop voltage gain T A = THIGH to T LOW 25 300 15 15 

ISlAS Input bias current T A = THIGH to T LOW 
-30 -500 

-30 
-500 

-30 -500 
nA 

-40 -1200 -800 -1000 

Zo Output impedance I = 20Hz 75 75 75 n 

ZI Input impedance I = 20Hz 0.3 1.0 0.3 1.0 0.3 1.0 Mn 

RL = 10kn ±12 ± 13.5 ±12 ± 13.5 +12 +12.5 
VOR Output voltage range RL = 2.0kn ±10 ±13 ±10 ±13 +10 +12 V 

RL = 2.0kn ±10 ±10 +10 
T A = THIGH to T LOW 

December 2, 1986 4-41 

I 



Signetics Linear Products Product Specification 

Quad Low Power Operational Amplifiers MC3303/3403/3503 

DC AND AC ELECTRICAL CHARACTERISTICS (Continued) vee = + 15V. VEE = -15V for MC3503. MC3403; 

MC3503 
SYMBOL PARAMETER TEST CONDITIONS 

Min Typ 

VICR 
Input common-mode +13 +13.5 

voltage range -VEE -VEE 

CMRR 
Common-mode 

Rs';;10kO 70 90 
rejection ratio 

Icc. lEE 
Power supply current 

RL = 00 25 
(Vo=O) 

alB/aT TA=THIGH to TLQW 3.5 

Individual output 
los± short-circuit 

current!! 
±10 ±30 

Positive power 
PSSR+ supply rejection 30 

ratio 

Negative power 
PSSR- supply rejection 30 

ratio 

alB/aT TA = THIGH to TLOW 50 

allo/ 
Average temperature 

aT 
coetiicient of input TA - THIGH to TLQW 50 
offset voltage 

aVlo/ 
Average temperature 

aT 
coefficient of input TA = THIGH to TLQW 10 
offset voltage 

Av = 1. RL = 2.0kO. 
BWp Power bandwidth Vo=20Vp_p 9.0 

THD= 5% 

BW 
Small-signal Av = 1. RL = 10kO. 

1.0 
bandwidth Vo-50mV 

SR Slew rate 
Av=l. VI--l0V to 

0.6 
+10V 

tTLH Rise time Av = 1. RL = 10kO. 
0.35 

Vo=50mV 

tTHL Fall time 
Av = 1. RL = 10kO. 

0.35 
Vo=50mV 

OS Overshoot Av = 1. RL -10kO. 20 
Vo=50mV 

8m Phase margin 
Av = 1. RL = 2.0kO. 

50 
CL = 200pF 

Crossover distortion 
VIN = 30mVp_p. 

1.0 
VOUT = 2.0Vp_p. f = 10kHz 
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Vee = +14V. VEE - GND for MC3303. TA - 25°C. unless 
otherwise noted. 

MC3403 MC3303 
UNIT 

Max Min Typ Max Min Typ Max 

+13 +13.5 +12 +12.5 
V 

-VEE -VEE -VEE -VEE 

70 90 70 90 dB 

4.0 2.5 7.0 2.5 7.0 rnA 

5 3.5 7 3.5 7 rnA 

±45 ±10 ±20 ±45 ±10 ±30 ±45 rnA 

150 30 150 30 150 /lVIV 

150 30 150 /lVIV 

50 50 pAloC 

50 50 pArC 

10 10 /lV/oC 

9.0 9.0 kHz 

1.0 1.0 MHz 

0.6 0.6 V/IJ.S 

0.35 0.35 IJ.S 

0.35 0.35 IJ.S 

20 20 % 

50 50 ° 

1.0 1.0 % 



Signetics Linear Products Product Specification 

Quad Low Power Operational Amplifiers MC3303 /3403 /3503 

DC AND AC ELECTRICAL CHARACTERISTICS Vee = 5.0V, Ve = GND, T A = 25°C, unless otherwise noted. 

MC3503 MC3403 MC3303 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max Min Typ Max 

VIO 
Input offset 

2.0 5.0 2.0 10 10 mV 
voltage 

110 Input offset current 30 50 30 50 75 nA 

IBIAS Input bias current -200 -500 -200 -500 -500 nA 

AVOL 
Large-signal open-

RL=2.Okn 10 200 10 200 10 200 V/mV 
loop voltage gain 

PSRR 
Power supply 

150 150 150 IlVIV rejection ratio 

Output voltage 
RL = 10kn, Vee = 5.0V 3.3 3.5 3.3 3.5 3.3 3.5 

VOR range3 RL= 10kn, Vee Vee Vee Vee Vee Vee Vp_p 
5.0V";; Vee";; 30V -1.7 -1.5 -1.7 -1.5 -1.7 -1.5 

lee 
Power supply 

2.5 4.0 2.5 7.0 2.5 7.0 rnA 
current 

I 
Channel separation 

f = 1.0kHz to 20kHz 
-120 -120 -120 dB 

(input referenced) 

NOTES: 
1. THIGH-125·C for MC3503, 70·C for MC3303. Tcow--5S·C for MC3S03, O·C for MC3403, -40·C for MC3303. 
2. Not to exceed maximum package power dissipation. 
3. Output Will swing to ground. 
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Signetics Linear Products 

Quad Low Power Operational Amplifiers 

TYPICAL PERFORMANCE CHARACTERISTICS 
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Linear Products 

MC3403 DESCRIPTION 
The MC3403 is a quad operational amplifier 
with true differential inputs. The device has 
electrical characteristics similar to the popular 
!lA741. However, the MC3403 has several 
distinct advantages over standard operational 
amplifier types in single supply applications. 
The MC3403 can operate at supply voltages 
as low as 3.0V or as high as 36V. The 
common-mode input range includes the neg
ative supply, thereby eliminating the necessity 
for external biasing components in many 
applications. The output voltage range also 
includes the negative power supply voltage. 

APPLICATIONS 

Vee 
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Voltage Reference 
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Applications for the MC3403 

APPLICATIONS (Continued) 

High Impedance Differential Ampllflar 

Februsry 1987 
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Applications for the MC3403 

TYPICAL APPLICATIONS 
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NE/SA/SE4558 
Dual General-Purpose 
Operational Amplifier 
Product Specification 

DESCRIPTION FEATURES PIN CONFIGURATIONS 
The 4558 is a dual operational· amplifier 
that is internally compensated. Excellent 
channel separation allows the use of a 
dual device in a single amp application, 
providing the highest packaging density. 
The NE/SA/SE4558 is a pin-for-pin re
placement for the RC/RM/RV4558. 

ORDERING INFORMATION 

• 2MHz unity gain bandwidth 
guaranteed 

• Supply voltage ± 22V for SE4558 
and ± 18V for NE4558 

• Short-circuit protection 
• No frequency compensation 

required 
• No latch-up 
• Large common-mode and 

differential voltage ranges 
• Low power consumption 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

8-Pin Plastic SO o to +70·C NE4558D 

8-Pin Ceramic DIP o to +70·C NE4558FE 

8-Pin Plastic DIP o to +70·C NE4558N 

8-Pin Plastic DIP -40·C to +85·C SA4558N 

8-Pin Ceramic DIP -40·C to +85·C SA4558FE 

8-Pin Ceramic DIP -55·C to + 125·C SE4558FE 

EQUIVALENT SCHEMATIC 

• V+O--------1~----~~----_4~--_.----~--__, 

D, FE, N Packages 

TOP VIEW 

2(6) 
INPUTS 

3(5) 

+-"NI.....-i-----+-------()OUTPUT 1(7) 

+ 

4 V-o------+--~~----~------~--~~--~----~--~ 
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Dual General-Purpose Operational Amplifier 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Vcc Supply voltage 
SE4558 
NE4558, SA4558 

PD Maximum power dissipation 
T A = 25'C (Still air) 1 

F package 
N package 
D package 

Differential input voltage 

VIN Input voltage2 

TSTG Storage temperature range 

TA Operating ambient temperature range 
SE4558 
SA4558 
NE4558 

TSOLD Lead soldering temperature (10sec max) 

Output short-circuit duration3 

NOTES: 
1. Derate above 25'C, at the following rates: 

F package at 6.2mW/'C 
N package at 9.3mWI'C 
D package at 6.2mWI'C 

RATING UNIT 

±22 V 
±18 V 

780 mW 
1160 mW 
780 mW 

±30 V 

±15 V 

-65 to +150 'C 

-55 to +125 'C 
-40 to +85 'C 

o to +70 'C 

300 'C 

Indefinite 

2. For supply voltages less than ± 15V, the absolute maximum input voltage is equal to the supply 
voltage. 

3. Short-circuit may be to ground on one amp only. Rating applies to + 125°C case temperature or 
+ 7S'C ambient temperature for NE4558 and to + 85'C ambient temperature for SA4S58. 
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Signetics Linecr Products Product Specification 

Dual General-Purpose Operational Amplifier NEjSAjSE4558 

DC AND AC ELECTRICAL CHARACTERISTICS Vee = ±15V, TA = 25°C, unless otherwise specified. 

SE4558 SAlNE4568 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Vos Input offset voltage Rs';; 10kn 1.0 5.0 2.0 6.0 mV 

t.vos/t:.T Over temp. 4 4 p.V/oC 

los Input offset current 50 200 30 200 nA 

t:.los/AT Over temp. 20 20 pAloC 

IBIAS Input bias current 40 500 200 500 nA 

AlB/AT Over temp. 40 40 pA/oC 

RIN Input resistance 0.3 1.0 0.3 1.0 Mn 

Av Large-signal voltage gain RL~2kn 50,000 300,000 20,000 300,000 VIV 
VOUT=±10V 

Output voltage swing RL ~ 10kn ±12 ±14 ±12 ±14 V 
RL~2kn ±10 ±13 ±10 ±13 

VIN Input voltage range ±12 ±13 ±12 ±13 V 

CMRR Common-mode rejection ratio Rs';; 10kn 70 100 70 100 dB 

SVRR Supply voltage rejection ratio Rs';; 10kn 10 150 10 150 p.VIV 

Power consumption (all amplifiers) RL = • 100 170 100 170 mW 

Transient response (unity gain) VIN= 20mV 
RL = 2kn 

CL';; 100pF 
tR Rise time 100 100 ns 

Overshoot 15.0 15.0 % 

SR Slew rate (unity gain) RL~2kn 1.0 1.0 V/p.s 

Channel separation (gain = 100) f = 10kHz 90 90 dB 
Rs = lkn 

BW Unity gain bandwidth (gain = 1) 2.0 3.0 2.0 3.0 MHz 

8M Phase margin TA = 25°C 45 45 Degree 

VNOISE Input noise voltage f= lkn 25 25 nV/ 
v'Hz 

Isc Short-circuit current TA = 25°C 5 25 60 5 25 60 rnA 

NOTE: The following specifications apply over operating temperature range. 

Vas Input offset voltage Rs';; 10kn 6.0 7.5 mV 

los Input offset current 500 300/5001 nA 

IBIAS Input bias current 1500 800/15001 nA 

Ay Large-signal voltage gain RL ~2kn 25,000 15,000 VIV 
VOUT-±10 

Output voltage swing RL ~2kn ±10 ±10 V 

Pc Power consumption Vs=±15V 90 150 90 150 mW 
TA = HIGH 120 200 120 200 
TA=LOW 

NOTE: 
1. SA4558 only. 
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Dual General-Purpose Operational Amplifier 

TYPICAL PERFORMANCE CURVES 
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Dual General-Purpose Operational Amplifier 

TYPICAL PERFORMANCE CURVES (Continued) 
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SigneHcs NEjSE530 
High Slew Rate Operational 
Amplifier 

Linear Products 

DESCRIPTION 
The 530 is a new generation operational 
amplifier featuring a high slew rate com
bined with improved input characteris
tics. Internally compensated, the SE530 
guarantees slew rates of 25V I /JS with 
2mV typical offset voltage. Industry stan
dard pinout and internal compensation 
allow the user to upgrade system perfor
mance by directly replaCing general pur
pose amplifiers such as the 741 and 
LF356 types. 

ORDERING INFORMATION 

Product Specification 

FEATURES 
• Gain bandwidth product - 3MHz 
• 35VljJS slew rate (gain = -1) 

• Internal frequency compensation 
• Low Input offset Yoltage 2mV 

max. 
• Low Input bias current - 6DnA 

max. 
• Short-circuit protection 
• Offset null capability 
• Large common-mode and 

differential Yoltage ranges 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

8·Pin Plastic DIP o to +70·C NE530N 

8-Pin Ceramic DIP o to +70·C NE530FE 

8-Pin Plastic DIP -55·C to + 125·C SE530N 

8-Pin Ceramic DIP -55·C to + 125·C SE530FE 

EQUIVALENT SCHEMATIC EACH AMPLIFIER 

Vee 
r--------~--------~~--~--~--~--~--_o7 

VEE 

l.D07411S 
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High Slew Rat~ Operational Amplifier 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Vee Supply voltage 
SE530 
NE530 

Po 
Maximum power dissipation 
TA = 25'C (still air)1 

FpaCkage 
N package 

VOIFF Differential input voltage 

VIN Input voltage 

TA Operating temperature range 
SE530 
NE530 

TSTG Storage temperature range 

TSOLO Lead soldering temperature (10sec max) 

Isc Output short circuit 

NOTE: 
1. Derate above 25"C, at the following rates: 

F package at 6.2mW I"C 
N package at 9.3mW I"C 

RATING 

±22 
±18 

780 
1160 

±30 

±15 

-55 to +125 
o to +70 

-65 to +150 

300 

Indefinite 

UNIT 

V 
V 

mW 
mW 

V 

V 

·C 
·C 

·C 

·C 

DC ELECTRICAL CHARACTERISTICS TA = 25'C, Vee - ± 15V, unless otherwise specified. 

SE&30 
SYMBOL PARAMETER TEST CONDITIONS 

Min Typ Max 

VOS Input offset voltage Rs";;10kn 0.7 4.0 
Over temperature 5.0 

t1Vos Temperature coefficient of input Over temperature 3 15 
offset voltage 

los I nput offset current 5 20 
Over temperature 40 

t1los Input offset current Over temperature 25 

IBIAS Input bias current 45 80 
Over temperature 200 

t1IBIAS Input current Over temperature 50 

RIN Input resistance 3 10 

VCM Input common mode voltage range ±12 .±13 

AVOL Large signal voltage gain RL;;'2kn, Vo·±10V 50 200 
Over temperature 25 

VOUT Output voltage swing RL;;'10kn ±12 ±14 
RL;;'2kn ±10 ±13 

Isc Output short-Circuit current 10 25 50 

ROUT Output resistance 100 

lee Supply current Each amplifier 2.0 3.0 
Over temperature 2.2 3.6 

CMRR Common-mode rejection ratio Rs";;10kn 70 90 
Over temperature 

PSRR Power supply rejection ratio Rs";;10kn 30 150 
Over temperature 
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NEjSE530 

NE530 
UNIT 

Min Typ Max 

2.0 6.0 mV 
7.0 mV 

6 p.V/'C 

15 40 nA 
80 nA 

40 pArC 

65 150 nA 
200 nA 

80 pAl'C 

1 6 Mn 

±12 ±13 V 

50 200 V/mV 
25 VlmV 

±12 ±14 V 
±10 ±13 V 

10 25 50 mA 

100 n 

2.0 3.0 mA 
2.2 mA 

70 90 dB 

30 150 p.VIV 
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High Slew Rate Operational Amplifier NE/SE530 

AC ELECTRICAL CHARACTERISTICS T A = 25°C, Vce = ± 15V, unless otherwise specified. 

SE530 NE530 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Transient Response 
tR Small-signal rise time 0.06 0.06 j.IS 

Small-signal overshoot 13 13 % 
ts Settling time To 0.1% (10V step) 0.9 0.9 j.IS 

SR Slew rate ±15V supply, Vo=±10V, RL;;'2kO 
Unity gain inverting 25 35 20 35 Vlj.IS 
Unity gain non-inverting 18 25 12 25 Vlj.IS 

BW Power bandwidth 
5% THD, Vo - ± 10V, 

360 500 280 500 kHz 
RL;;'2kO 

Small-signal bandwidth Opsn-Ioop 3 3 MHz 

VNOISE Input noise voltage f= 1kHz 30 30 nVlv'iiZ I 
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High Slew Rate Operational Amplifier NEjSE530 

TYPICAL PERFORMANCE CHARACTERISTICS 
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High Slew Rate Operational Amplifier 

TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 
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High. Slew Rate Operational Amplifier NE/SE530 

TEST LOAD CIRCUITS 

INPUT 

,~' 

I 
NOTES: 
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Pins not shown are not connected. 
All resistor values are typical and in ohms. 
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U,ov

OUTPUT 

100pf 

10K' 

Testing Slew Rate and Settling Time 
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VOLTAGE WAVEFORMS 

50mV 

INPUT 
sol.. . ... 

Small·Slgnal Transient Response 
Definitions 
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Sinetics 9 .. NEjSE531 
High Slew Rate Operational 
Amplifier 

Linear Products 

DESCRIPTION 
The 531 is a fast slewing high perfor
mance operational amplifier which re
tains DC performance equal to the best 
general purpose types while providing 
far superior large-signal AC perfor
mance. A unique input stage design 
allows the amplifier to have a large
signal response nearly identical to its 
small-signal response. The amplifier is 
compensated for truly negligible over
shoot with a single capacitor. In applica
tions where fast settling and superior 
large-signal bandwidths are required, the 
amplifier out-performs conventional de
signs which have much better small
signal response. Also, because ,the 
small-signal response is not extended, 
no special precautions need be taken 
with circuit board layout to achieve sta
bility. The high gain, simple compensa
tion, and excellent stability of this ampli
fier allow its use in a wide variety of 
instrumentation applications. 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Vs Supply voltage 

PMAX Maximum power dissipation 
T A = 25DC (still-air) 1 

FE package 
N package 
H package 

Differential input voltage 

VCM Common-mode input voltage2 

Product Specification 

FEATURES 
• 35V Ips slew rate at unity eain 
• Pin-tor-pin replacement for 

JJA709, JJA748. or LM101 
• Compensated with a single 

capacitor 
• Same low drift offset null 

circuitry as!tA741 
• Smail-signal bandwidth 1MHz 
• large-signal' bandwidth 500kHz 
• True op amp DC characteristics 

make the 531 the ideal answer 
to all slew rate limited 
operational amplifier applications 

RATING UNIT 

±22 V 

780 mW 
1160 mW 
830 mW 

±15 V 

±15 V 

Voltage between offset null and V- ±0.5 V 

TA Operating ambient temperature range 
NE531 
SE531 

TSTG Storage temperature range 

TsoLO Lead soldering temperature (1 Osee max) 

Output short-circuit duration3 

NOTES: 
1. The following derating facto", should be applied above 25'C: 

FE package at 6.2mWrC 
N package at 9.3mW/DC 
H package at 6.7mWrC. 

o to +70 DC 
-55 to + 125 DC 

-65 to +150 DC 

300 DC 

indefinite 

2. For supply voltages less then ± 15V, the absolute maximum input voltage is equal to the supply 
voltage. 

3. Short-circuit may be to ground or either supply. Rating applies to + 125'C case temperature or to 
+ 75°C ambient temparature. 
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PIN CONFIGURATIONS 

N, FE Packages 

OFFSET NULL§j-FRIO. COMPo 
INVE=~ - y+ 

. + 
NON"NVE:~ OUTPUT 

v - OFFSET NULL 

H Package1 

FREO.COMP. 

INVERTING INPUT ~ + 

NOH-INVEATING INPUT 3 

NOTE: 

v-

1. Metal cans (H) not recommended for new 
designs. 

CD11770S 

CD111e08 

853-0809 88704 
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High Slew Rate Operational Amplifier 

EQUIVALENT SCHEMATIC 

INPUT 

"r-
W. ~~ ~'. , 

0, °20 

INPUT 

", ", ",. 
'00 

'---< 

~03 00)J-
~ 

OfFSET 
ADJUST 

, 

• 

R2 ·2 

Q ........... 
r-" 

.,8 .• 

Rl1 1.5 

R3 2.2 Ra2.2 

~ ri-
...... ,.,.., Q,. 
r-K~~ 

On 

Q15~ 

~--KQ'8 
0,;'.... .... 

:.fl'8 
..... HU·17 ". '.8 

ORDERING INFORMATION 

RS .2 

A'I'O 

Q~~ .. 
0" 

A'8·33 

-
Q'(S A,0 1.5 

......0,. 

~ 

"" ... 
'.5 8.5 

5 8 

OFFSET ADJUST FREQUENCY 
COMPENSATION 

R,. 10 

R'7 'O 

o,.:;:t-

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

B-Pin Piastre DIP o to +70·C NES31N 

B-Pin Ceramic DIP o to +70·C NES31FE 

B-Pin Metal Can o to +70·C NES31H 

B-Pin Plastic DIP -SS·C to + 12S·C SES31N 

B-Pin Ceramic DIP -SS·C to +12S·C SES31FE 

B-Pin Metal Can -SS·C to +12S·C SES31H 
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Signetlcs Unear Products Product Specification 

High Slew Rate Operational Amplifier NE/SE531 

DC ELECTRICAL CHARACTERISTICS VS = ± 15V, unless otherwise specHied. 

SE531 NE531 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Vos Offset voltage Rs'" lOkO, T A - 25°C 2.0 5.0 2.0 6.0 mV 
Rs '" 1 Okn, over temp 6.0 7.5 mV 

AVos Over temp 10 10 p'vrc 

TA - 25°C 30 200 50 200 nA 
los Offset current TA-High 200 200 nA 

TA= Low 500 300 nA 
Alos Over temp 0.4 0.4 nArC 

T=25°C 300 500 400 1500 nA 
IBIAS Input bias current TA-High 500 1500 nA 

TA = Low 1500 2000 nA 
AIBIAS Over temp 2 2 nArC 

VCM Common-mode voltage range TA = 25°C ±10 ±10 V 
CMRR Common-mode rejection ratio TA = 25°C, Rs '" 10kO 70 100 dB 

Over temp Rs'" 1 OkO 70 90 dB 

RIN Input resistance TA - 25°C 20 20 MO 

VOUT Output voltage swing RL;;' 10kn, over temp ±10 ±13 ±10 ±13 V 

Icc Supply current TA - 25°C 7.0 10 mA 

TMAX 7.0 10 mA 
Po Power consumption TA = 25°C 210 300 mW 

PSRR Power supply rejection ratio Rs'" 10kn, TA = 25°C 10 150 p.VIV 
Rs <: 10kO, over temp 10 150 p.VIV 

ROUT Output resistance TA - 25°C 75 75 0 

TA ~ 25°C, 
50 100 20 60 VlmV 

RL;;'10kO, VOUT-±10V 

AVOL large-signal voltage gain 
RL;;'10kO, VOUT- ± 10V, 

25 15 V/mV 
over temp 

VINN Input noise voltage 25°C, f - 1 kHz 20 20 nVlYHz 

Isc Short-circuit current 25°C 5 15 45 5 15 45 mA 

AC ELECTRICAL CHARACTERISTICS T A - 25°C, Vs - ± 15V, unless otherwise specified.1 

NE531 SE531 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

BW Full power bandwidth 500 500 kHz 

Is 
Settling time (1%) 

Av=+1, VIN=±10V 
1.5 1.5 p.s 

(0.1%) 2.5 2.5 p.s 

Large-signal overshoot Av=+1, VIN-±10V 2 2 % 
Small-signal overshoot Av- +1, VIN -400mV 5 5 % 

IR Smail-signal rise time Av - +1, VIN';' 400mV 300 300 ns 

SR Slew rete Av- 1OO 35 35 VIlis 
Av=10 35 35 V/p.s 

\ Av - 1 (non-Inverting) 30 20 30 Vlp.s 
Av = 1 (inverting) 35 25 35 V/p.s 

NOTE: 
1. All AC testing Is performed in the transient response test circuit. 
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High Slew Rate Operational Amplifier NE/SE531 

TEST LOAD CIRCUITS 

~'n EOUl 

SOU lKU I~ 

Offset Null Circuit Transient Reaponee Circuit 

TYPICAL PERFORMANCE CHARACTERISTICS VS - ± 15V. TA - + 25°C. unless otherwise specified. I 
Input Offset Input Bias Current 

Current es a Function aa a Function Input Bias Current aa a 
of Ambient Temperature of Ambient Temperature Function of Supply Voltage 
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Function of Frequency Function of Frequency Function of Supply Voltage 
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High Slew Rate Operational Amplifier NE/SE531 

TYPICAL PERFORMANCE CHARACTERISTICS (Continued) Vs = ± 15V, TA = + 25°C, unless otherwise specified. 
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High Slew Rate Operational Amplifier 

TYPICAL APPLICATIONS 

... 
10K 

>--+--0 OUT 

4.7K 

v-

High-Speed Inverter 
(10MHz Bandwidth) 

10 

>----<1>---_0 OUT 

IN 

Fast Settling Voltage-Follower 

10K 

10K 

J'D22 

NOTES: 
1. Reference - EON Dec. 15, 1970 

Simplify 3-poIe active filter design 
A. Paul Brokow 

JOK 

L007430S 

fa: 1KHz 

TC15000S 

Three-Pole Active Low-Pass Filter Butterworth 
Maximally Flat Response 1 
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High Slew Rate Operational Amplifier NEjSE531 

TYPICAL APPLICATIONS (Continued) 

10K 10K 
INo-~~~1--------1--~~~~·OUT 

':" 
OUT 

a. Half-Wave b. Full-Wave 

Precision Rectlflal'll ... 

1No-t 
~GIIAL ,. OUTPUT 

ft. 

~ lOGIC IN 

'=' 
::=f1= TC1503DS - '.K 

" .. "" 
." .,. 

AC Millivoltmeter Sample-and-Hold 
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High Slew Rate Operational Amplifier 

CYCLIC A·TO·D CONVERTER 
One interesting, but much ignored, AID con
verter is the cyclic converter. This consists of 
a chain of identical stages, each of which 
senses the polarity of the input. The stage 
then subtracts VREF from the input and dou
bles the remainder if the polarity was correct. 
In Figure 1, the signal is full-wave rectified 
and the remainder of VIN - VREF is doubled. A 
chain of these stages gives the gray code 
equivalent of the input voltage in digitized 
form related to the magnitude of VREF. Pos-

+vcc 

10K 

a. 

sessing high potential accuracy, the circuit 
using NE531 devices settles in 5jlS. 

TRIANGLE AND SQUARE WAVE 
GENERATOR 
The circuit in Figure 2 will generate precision 
triangle and square waves. The output ampli
tude of the square wave is set by the output 
swing of op amp A-1, and Rl/R2 sets the 
triangle amplitude. The frequency of oscilla
tion in either case is: 

20K 

20K 

Figure 1. Cyclic A-to-D Converter 

TRIANGLE WAVE 
OUT 

RI 

Figure 2. Triangle and Square Wave Generator 

December 2, 1986 4-67 

Product Specification 

NE/SE531 

1 R2 
f=-·- (1) 

4RC Rl 

The square wave will maintain 50% duty 
cycle even if the amplitude of the oscillation is 
not symmetrical. 

The use of the NE531 in this circuit will allow 
good square waves to be generated to quite 
high frequencies. Since the amplifier AI runs 
open-loop, there is no need for compensa
tion. The triangle-generating amplifier must 
be compensated. The NE5535 device can be 
used as well, e)(cept for the lower frequency 
response. 

____ ....... I..:.o~ ~T_ 
OP13200S 

b. 

I 



Signetics NE/SE538 
High Slew Rate Op Amp 

Linear Products 

DESCRIPTION 
The NE/SE538 Is a new generation 
operational amplifier featuring high slew 
rates combined with improved input 
characteristics. Internally-compensated 
for gains of 5 or larger, the SE538 offers 
guaranteed minimum slew rates of 40V I 
jJS or larger. Industry standard pinout 
and internal compensation allow the 
user to upgrade system performance by 
directly replacing general purpose ampli
fiers, such as 748, 101A and 741. 

Product Specification 

FEATURES 
• 2mV typical Input offset voltage 
• 80nA max Input offset current 
• Short-cIrcuit protected 
• Offset null capability 
• Large common-mode and 

differential voltage ranges 
• 60V I jJS typical slew rate (gain of 

+5, -4 min) 
• 6MHz typical gain bandwidth 

product (gain + 5, -4 minimum) 
• Internal frequency compensation 

(gain of + 5, -4 minimum) 
• Pinout: standard single op amp 

(748, 101A, 741, etc). 

EQUIVALENT SCHEMATIC (EACH AMPLIFIER) 

PIN CONFIGURATIONS 

0fFUT 
NULl. 

INYEflnNG 
INPUT 

NONINYERT_INPUT 

NOTE: 

FE, N Packagea 

H Package1 

NC 

V-

-NULl. 

CDI17208 

001._ 
1. Metal cans not recommended for new designs. 

Vee 
r-------~~--------,-----1-~----~--~---o7 

VEE 

L007411S 
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High Slew Rate Op Amp 

ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

8-Pin Plastic DIP o to +70·C 

8-Pin Ceramic DIP o to +70·C 

8-Pin Metal Can o to +70·C 

8-Pin Plastic DIP -SS·C to +12S·C 

8-Pin Ceramic DIP -SS·C to + 12S·C 

8-Pin Metal Can -SS·C to + 12S·C 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Vcc Supply voltage 
SE military grade 
NE commercial grade 

Po Maximum power dissipation, 
TA=2S·C (still air)l 

F package 
N package 

VOIFF Differential input voltage 

VIN Input voltage2 

TA Operating ambient temperature range 
SE military grade 
NE commercial grade 

Output short-circuit' 

TSTG Storage temperature range 

TSOLO Lead soldering temperature (10sec max) 

NOTES: 
1. Derate above 25·C, at the fOllowing rates: 

F package at 6.2mW fOC 
N package at 9.3mW fOC 

NES38N 

NES38FE 

NES38H 

SES38N 

SES38FE 

SES38H 

RATING UNIT 

±22 V 
±18 V 

780 mW 
1160 mW 

±30 V 

±1S V 

-SS to +12S ·C 
o to 70 ·C 

indefinite 

-65 to +150 ·C 

300 ·C 

2. For supply Yoftages less than ± 15V, the absolute maximum input voltage is equal to the supply Yoltage. 
3. Short-circu~ may ba to ground or either supply. Rating applies to 125·C case temperature or 75"C ambient 

temperature. 
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Signetics Unear Products Product Specification 

High Slew Rate Op Amp NEjSE538 

DC ELECTRICAL CHARACTERISTICS TA-25°e, Vs=±15V, unless otherwise specified. 

SE538 NES38 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Vos Input ollset vollege 
Rs :$10kn 0.7 4.0 2.0 6.0 mV 

Rs :$ 10kn, over temp. 5.0 7.0 mV 

tNos Input offset voltsge drift Rs - on, over temp. 4.0 6.0 p'vre 
los Input offset current 5 20 15 40 nA 

Over temp. 40 80 nA 
Alos Input offset current Over temp. 25 40 pAre 

Ie Input current 45 80 65 150 nA 
Over temp. 200 200 nA 

Ale Input current Over temp. 50 80 pAre 

Vct.! Input common-mode vollege range ±12 ±13 ±12 ±13 V 

eMRR Common-mode rejection ratio Rs :$ 10kn, over temp. 70 90 70 90 dB 

PSRR Power supply rejection ratio Rs:$ 10kn, over temp. 30 150 30 150 p.VIV 

RIN Input resislence 3 10 1 6 Mn 

RL22kn, ,VOUT-±10V 50 200 50 200 VlmV 
AVOL Large-signal vollege gain Over temp., 25 25 VlmV 

RL 2: 2kn, VOUT = ± 10V 

VOUT Output voltage 
Over temp., RL 2: 2kn ±10 ±13 ±10 ±13 V 

Over temp., RL 2: 10kn ±12 ±14 ±12 ±14 V 

Icc Supply current 
Per amplifier 2 3 2 3 rnA 

Over temp., per amplifier 2.2 3.6 2.2 3.6 rnA 

Po Power dissipation 
Per amplifier 80 90 80 90 mW 

Over temp., per amplifier 66 108 66 108 mW 

lac Output short-circuit current 10 25 50 10 25 50 mA 

ROUT Output reslstence 100 100 n 

AC ELECTRICAL CHARACTERISTICS T A - 25°e, unless otherwise specified. 

SE538 NE538 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

GBW 
Gain bandwidth product 

8 6 MHz (Gain + 5, -4 minimum) 

Transient response 
tR Smail-signal rise time 0.25 0.25 p.s 

Small-signal overshoot 6 6 % 

Is Selliing time To 0.1% 1.2 1.2 p.s 

SR Slew rate 
Minimum gain = 5 

40 80 60 V/p.s 
Noninverting RL 2: 2kn 

VNOISE Input noise voltage f -1kHz, TA = 25°e 30 30 nV/VHZ 
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High Slew Rate Op Amp 

TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 
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TEST LOAD CIRCUITS 

2.5K , .. 

, .. 
AS 

50 

NOTES: 
Pins not shown are not connected. 
All resistor values are typical and in ohms. 

Slew Rate and Small-Signal Transient Response Test Circuit 

NOTES; 
·Match to within 0.01%. 
Pins not shown are not connected. 

'2~ - l!!v 
2.SK 

, ... 
FALSE 

SUMMING 
NODE 

All resistor values are typical and in ohms. 
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APPLICATIONS 
The internal frequency compensation is de
signed for a minimum inverting gain of 4 and a 
mlnimulTi nori-inverting gain of 5. Below these 
gains the NE538 will be unstable and will 
need external compensation (see Figures 1 
and 2). 

The higher slew rate of the NE538 has made 
this device quite appealing for high-speed 
designs. and the fact that it hail a standard 
pinout will allow it to be used to upgrade 
existing systems that now use the j.tA 7 41 or 
1'748. 

Equations: 

1 (6MHz) 1 
fLAG - --1-0- - 2"RLCL 

LAG {RL 
COMPENSATION 

CL 

VOLTAGE COMPARATOR 
Inexpensive voltage companitors with only 
modest parameters are often needed. The op 
amp Is often used in the configuration be
cause the high gain provides good selectivity. 
Figure 6 shoWs a circuit usable with most any 
op amp. The zener is selected for the output 
voltage required (5.1 volt for TTL). and the 
resistor provides some current protection to 
the op amp output structure. VREF can be any 
voltage within the wide common-mode range 
of the amplifier - another advantage of using 
op amps for comparators. 

'---It--.... } LEAD COMPENSATION 
CF 

"""""" 
Figure 1. Non-Inverting Configuration 

CF 

Figure 2. Inverting Configuration 

November 14. 1986 4-74 

Product Specification 

NE/SE538 

Vee 

10K 

TC14880S 

Figure 3. Voltage-Follower With Single 
Power Source 

RON 

10K 

TC14880S 

Figure 4. Inverting Amp With Single 
Power Supply 

Figure 5. Offset Adjust Circuit 

V' 

NOTE: 
All resistor values are In ohms. 

Figure 6. VoHage Comparator 
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DESCRIPTION 
The 5512 series of high-performance 
operational amplifiers provides very 
good input characteristics. These ampli
fiers feature low input bias and voltage 
characteristics such as a 108 op amp 
with improved CMRR and a high differ
ential input voltage limit achieved 
through the use of a bias cancellation 
arid PNP input circuits with collector-to
emitter clamping. The output character
istics are like those of a 741 op amp with 
improved slew rate and drive capability. 
yet have low supply quiescent current. 

APPLICATIONS 
• AC amplifiers 
• RC active filters 
• Transducer amplifiers 
• DC gain block 
• Battery operation 
• Instrumentation amplifiers 

EQUIVALENT SCHEMATIC 

NEjSE5512 
Dual High-Performance 
Operational Amplifier 
Product Specification 

FEATURES 
• Low input bias < ± 20nA 
• Low Input offset current 

< ±20nA 
• Low Input offset voltage < 1mV 
• Low Vos temperature drift 

5IJ.VrC 
• Low Input bias temperature drift 

40pArC 
• Low input voltage noise 30nVI 

v'Hz 
• Low supply current 1.5mA/amp 
• High slew rate 1.0V IIJ.S 
• High CMRR 100dB 
• High input Impedance 100Mn 

• High PSRR 110dB 
• High differential input voltage 

limit 

• No crossover distortion 

PIN CONFIGURATIONS 

FE, N Packages 

OUTPUT 1 f1j -INPUT' 2 - 7 

+INPUT 1 3 - 6 

V- 4 5 

TOP VIEW 

D Package' 

+ INPUT 1 

~ v- 2 Z+, - 7 

+ INPUT 2 

-INPUT 2 - 5 

TOP VIEW 

NOTE: 

V+ 

OUTPUT 2 

-INPUT 2 

+INPUT 2 

-INPUT 1 

OUTPUT 1 

v+ 

OUTPUT 2 

• Indefinite output short circuit 
protection 

1. The D package pinout is not functionally identical 

• Internally-compensated for unity 
gain 

• 600n drive capability 

to the FE or N pinout. 

r-~(f~~~~A~~I~~------------------~--~~--------~ ________ -oV+ 

-v" +V/N 

~----~----~------------------~--~~~~ __ --~ ________ ~_V 
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Dual High-Performance Operational Amplifier NE/SE5512 

ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

B-Pin Plastic SO O°C to +70·C NE5512D 

B-Pin Ceramic DIP O°C to +70°C NE5512FE 

B-Pin Plastic DIP O°C to +70°C NE5512N 

B-Pin Ceramic DIP - 55°C to + 125°C SE5512FE 

B-Pin Plastic DIP -55°C to +125°C SE5512N 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Vee Supply voltage ±16 V 

Po Power dissipation 500 mW 

TA Operating ambient temperature range 
NE5512 o to +70 °c 
SE5512 -55 to +125 °c 

TSTG Storage temperature range -65 to +150 °c 

TSOLO Lead soldering temperature (1 Osee max) 300 °c 

ELECTRICAL PERFORMANCE CHARACTERISTICS Vcc ,= ± 15V, TA = 25°C over temperature range, unless otherwise 
specified. . 

SE5512 NE5512 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Rs= loon 
Vos Input offset voltage TA = +25°C 0.7 2 I 5 mV 

Over temp. I 3 1.5 6 
I1Vosll1T 4 5 iJ.V/oC 

Rs= 100kn 
los Input offset current TA - + 25°C 3 10 6 20 nA 

Over temp. 4 20 8 30 
I1los1l1T 30 40 pArc 

Rs= 100kn 
IBIAS Input bias current T = +25°C 3 10 6 20 nA 

Over temp. 4 20 8 30 
I1IBIASII1 T 30 

I 
40 pAloC 

RIN 
Input resistance 

TA - 25°C 100 100 Mn 
differential 

VCM 
Input common mode TA = 25°C i13.5 ±13.7 ±13.5 ± 13.7 

V 
range Over temp. ±13 ±13.2 ±13 ± 13.2 

CMRR 
Input common-mode Vcc - ± 15V 
rejection ratio VIN -± 13.5V (RM) 

TA - 25°C 70 100 70 100 dB 
VIN = ± 13V (FR) 

Over temp. 

Av Large-signal voltage gain RL = 2kn TA - 25°C 50 
200 

50 
200 V/mV 

Vo - ± 10V over temp. 25 25 

SR Slew rate TA - 25°C 0.6 I 1 V/iJ.S 

GBW 
Small-signal unity gain 

TA - 25°C 3 3 MHz 
bandwidth 
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Dual High-Performance Operational Amplifier NEjSE5512 

ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) Vcc=±15V, TA = 25°C over temperature range, unless 
otherwise specified. 

SE5512 NE5512 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

8M Phase margin TA = 25°C 45 45 degree 

RL=2kO 
VOUT Output voltage swing TA = 25°C ±13 ±13.5 ±13 ± 13.5 V 

Over temp. ±12.5 ±13 ±12.5 ±13 

RL = 60001 

VOUT Output voltage swing TA = 25°C ±10 ± 11.5 ±10 ± 11.5 V 
Over temp. ±7.5 ±9 ±8 ±9 

RL = Open 
Icc Power supply current TA = 25°C 3.4 5 3.4 5 mA 

Over temp. 3.6 5.5 3.6 5.5 

PSRR 
Power supply rejection TA = 25°C 80 110 80 110 

dB 
ratio Over temp. 80 100 eo 100 

AA 
Amplifier-to-amplifier f = 1 kHz to 20kHz, 

dB 
coupling TA = 25°C -120 -120 

f= 10kHz 
THO Total harmonic distortion TA = 25°C 0.01 0.01 0/0 

Vo-7VRMS 

VNOISE Input noise voltage 
f-lkHz 

30 30 nV/YHz 
TA = 25°C 

INOISE Input noise current 
f=lkHz 

0.2 0.2 pAlYHz 
TA - 25°C 

Ise Short-circuit current ± 15V, TA = 25°C 40 40 mA 

NOTE: 
1. For operation al elevated lemperature, N package must be deraled based on a thermal resistance of 120°C/W junction-Io-ambient. Thermal resislance 

of the FE package is 125°C/W. 
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DESCRIPTION 
The NE/SE5512 series of high-performance 
operational amplifiers provides very good in
put characteristics. These amplifiers feature 
low input bias and voltage characteristics 
such as a 108 op amp with improved CMRR 
and a high differential Input voltage limit 
achieved through the use of a bias cancella
tion and PNP input circuits with collector-to
emitter clamping. The output characteristics 
are like those of a 741 op amp with improved 
slew rate and drive capability, yet have low 
supply quiescent current. 

BRIDGE TRANSDUCER 
AMPLIFIER 
In applications involving strain gauges, accel
erometers and thermal sensors, a bridge 
transducer is often used. Frequently the sen
sor elements are high resistance units requir
ing equally high bridge resistance for good 
sensitivity. This type of circuit thfiln demands 
an amplifier with high input impedance, low 
bias current and low drift. The circuit shown 
represents a possible solution to these gener
al requirements (Figure 1). 

For Vs ~ 10V, the common-mode voltage is 
approximately + 5V, well within the common
mode limits of the NE5512. 

The sensitivity of the input stage Is approxi
mately 

RF-VS 

2R 

to a change In transducer resistance .:l.R. This 
gives a gain factor of El!!50 for Vs = 10V and 
R - 25k!1 The second stage gain is X 1 00 
giving a total gain of S!>5000. 

Noise is minimized by shielding the transduc
er leads and taking special care to determine 
a good signal ground. Common-mode noise 
rejection is particularly important, making 
matched differential impedance critical. The 
NE5512 typically provides 100dB of common
mode rejection and will considerably reduce 
this undesirable effect. 

The following are sensitivity figures for the 
transducer circuits. 

Leg 1 

Leg 2 
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.:l.R 
1lin 
5n 
Ion 
5n 

.:l.EOUT 
-2.6V 
-1.3V 
+2.4V 
+1.2V 
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Applications for the N E5512 
Application Note 
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NOTE: 
Thermal compensation transducer (non·actlve) 

Figure 1. NE/SE5512 Bridge Transducer Amplifier 

100pF (POt.VSTYRENE) 

., 
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>-.... _-0 .... =' ... o , ... 

tc;;;a;; 110Hz 

r~~·': -

~1 f~ 
-15V +15V 

Figure 2. NE/SE5512 Current-to-Voltage Converter With 1% Accuracy 
[Sensitivity: 1V/lIA] 

Temperature compensation of the bridge ele
ment is accomplished by using low drift metal 
film resistors and also by providing a compli
mentary non-active sensor element to ther
mally track the offset in the active element. 

High frequency roll-off provides attenuation of 
unwanted noise above the pass band of the 

4-78 

transducer. The shunt capacitors across both 
stage feedback resistors are for this purpose. 

CURRENT-TO-VOLTAGE 
CONVERTER 
Taking advantage of the very low bias current 
and offset of the NE5512 is demonstrated in 
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its adaptation to a current-ta-voltage convert
er as shown in Figure 2. 

The lower limit of measuring accuracy is 
determined by Ie (inverting), which is typically 
6nA. In order to attain a measurement accu
racy of 1 %, the following inequality must hold: 

19 .;; (0.01) ISmin 

Where Ie = input bias current and 
ISmin = minimum measured current. For 
18 = 6nA and ISmln = 1jlA, 

6nA .;; (0.01) 1jlA = 10nA and the inequali
ty hold. 

DC offset and current noise gain is deter
mined by 

which:!! 1 for Rs»RF. 

The measured results for this circu~ appear 
below (Vee s ±15V). 

INPUT CURRENT OUTPUT VOLTAGE 

1jlA 1.008V 
5jlA 5.00V 

10.00jlA 10.00V 

NE5512 OPERATIONAL 
DIFFERENTIATOR 
By utilizing the very high input impedance 
characteristic of the NE5512, an excellent 
active differentiator can be realized. USing the 
circu~ shown (Figure 3), good results were 
obtained as shown by the waveforms in 
Figures 4, 5 and 6. One of the primary 
problems with such circuits is the tendency 
towards instability and distortion either due to 
loading caused by input bias currents or 
amplifier non-linearity. In addition, gain in
creases with frequency, requiring low input 
noise in the amplifier. 

The relative stability Is shown by the output 
signal wsveforms mentioned above. Adding 
R1 provides added compensation in the form 
of a zero near the amplifier un~ gain frequen
cy. Frequency range is 100Hz to 10kHz. 

In order to obtain good differentiation, the 
network time constant, RC, must be small 
relative to the period of the highest frequency 
present at the input. Since the differentiator 
will attenuate the signal by a factor of wRC, 
which may be 100:1 in the operating region, 
the second amplifier stage is used to com
pensate for this loss. Various circuits are 
easily interfaced with the differentiator block 
due to the inherently low output impedance of 
the NE5512. 

February 1987 
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.... 
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Figure 3_ NE/SE5512 Active Dlfferentlator With Inverting x 10 Buffer 
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Figure 4 

Figure 5 

IN 

200mV/cm 

OUT 

SOOmV/cm 

H = 20jlS/in 

20mV/cm 

2V/cm 

H - 20"s/cm 

I 



Signetics Linear Products 

Applications for the NE5512 

THE OPERATIONAL 
INTEGRATOR 
The operational complement of the active 
differentiator is the active integrator. The 
NE5512 is easily adapted to this function as 
shown in the circuit below (Figure 7). To 
obtain satisfactory integration, the time con
stant must fulfill the following requirement: 

RC;"15T 

Where T is the period of the input waveform. 

For the ideal integrator 

eout = R~J ein dt 

The factor 1/RC represents an attenuation of 
the input signal. The low signal level is 
increased by using the second half of the 
NE5512 as a gain stage following the opera
tional integration. The waveforms in Figures 6 
and 9 show the input-output relationship for 
both a sine wave and a square wave function. 
A good integrator must exhibit a phase shift 
of ;.. 69° for sine wave input over the active 
frequency range. For a square wave, the 
resultant output must be a linear ramp. The 
circuit shown fulfills this requirement (see 
Figure 7). No external compensation is re
quired since the amplifier is unity gain stable. 

INTEGRATOR WAVEFORMS 

SQUARE 
WAVE 
INPUT 

TRIANGLE 
WAVE 

OUTPUT 
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Figure 8 

DIFFERENTIATOR WAVEFORMS 

Vln = Bin wt 

Vo~ COI""t 

1MI!G 

IN 
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QUT 
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Figure 6 

.1/.1F 
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Figure 7. NE/SE5512 Active Integrator 
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Figure 9 
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DESCRIPTION 
The NE/SE5514 family of quad opera
tional amplifiers sets new standards in 
bipolar quad amplifier performance. The 
amplifiers feature low input bias current 
and low offset voltages. Pinou1 is identi
cal to LM324/LM348 which facilitates 
direct product substitution for improved 
system performance. Output character
istics are similar to a tJA741 with im
proved slew and drive capability. 

ORDERING INFORMATION 

Product Specification 

FEATURES 
• Low Input bias current: < ± 3nA 
• Low Input offset current: < ± 3nA 
• Low Input offset voltage: < 1mV 
• Low supply current: 1.5mA/A 

• 1V I lIS slew rate 
• High Input Impedance: 100Mn 
• High common-mode Impedance: 

10Gn 
• Internal compensation for unity 

gain 
.600n drive capability (7VRMS) 

APPLICATIONS 
• AC amplifiers 
• RC active filters 
• Transducer amplifiers 
• DC gain block 
• Instrumentation amplifier 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

16-Pin Plastic SOL package o to +70°C NE5514D 

14·Pin Ceramic DIP o to +70°C NE5514F 

14-Pin Plastic DIP o to +70°C NE5514N 

14-Pin Ceramic DIP -55°C to + 125°C SE5514F 

14-Pin Plastic DIP -55°C to + 125°C SE5514N 
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PIN CONFIGURATIONS 

F, N Packages 

TOP VIEW 

D Package' 

TOP VIEW 

NOTE: 

OUTPUT 4 

-INPUT 4 

+ INPUT 4 

V

NC 

+ INPUT 3 

-INPUT 3 

1. SOL - Released in 16-lead large SO package 
amy. Pinout is different than F, N packages. 

853-1175 87583 

I 
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Quad High-Performance Operational Amplifier NE/SE5514 

EQUIVALENT SCHEMATIC 

r--(~~--~~'_M~PI--~r---________________ ~r-__ ~~ ________ ~ __________ ~V+ 

-v .. 

~----~------~------------------~~--~~~--~----+----------o-v 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Vee Supply voltage 

VOIFF Differential input voltage 

VIN Input voltage 

Output short to ground 

TSTG Storage temperature range 

TSOLD Lead soldering temperature (10see max) 

TA Operating ambient temperature range 
NE5514 
SE5514 

PMAX Maximum power disspation 
T A = 25'C (still-air) 1 

F package 
N package 
D package 

NOTE: 
1. The following derating factors should be applied above 25°C: 

F package al 9.5mW rc 
N package al 11.4mW I'C 
D package al 1 O.OmW rc. 

February 12, 1987 

RATING UNIT 

±16 V 

32 V 

o to 32 V 

Continuous 

-65 to +150 'C 

300 'C 

o to 70 'C 
-55 to +125 'C 

1190 mIN 
1420 mW 
1250 mW 

4-82 
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Quad High-Performance Operational Amplifier NEjSE5514 

ELECTRICAL CHARACTERISTICS vee = ± 15V, T A = 25°C, unless otherwise specified. 

SE5514 NE5514 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Vos Input offset voltage 
Rs = lOOn, TA = + 25°C, 0.7 2 1 5 

mV 
Over temp. 1 3 1.5 6 

e.Vos Over temp, 4 5 /lV/oC 

los Input offset current 
Rs = l00kn, TA = + 25°C, 3 10 6 20 

nA 
Over temp. 4 20 8 30 

e.los Over temp. 30 40 pArc 

IBIAS Input bias current Rs - l00kn, TA = + 25°C, 3 10 6 20 
nA 

Over temp. 4 20 8 30 
e.IBIAS Over temp. 30 40 pArc 

RIN Input resistance differential TA - 25°C 100 100 Mn 

VCM Input common mode range TA - 25°C, ± 13.5 ±13.7 ±13.5 ± 13.7 
V 

Over temp. ±13 ±13.2 ±13 ± 13.2 

Vee = ± 15V, c, I 
CMRR 

Input common-mode rejection 
VIN - ± 13.5V @ TA - 25°C, 70 100 70 100 dB ratio 
VIN = ± 13V @ Over temp. 

Av Large-signal voltage gain RL = 2kn, TA = 25°C 50 200 50 200 
V/mV 

Vc = ± 10V, Over temp, 25 25 

SR Slew rate TA = 25°C 0.6 1 0.6 1 V//lS 

GBW 
Small-signal unity gain 

TA = 25°C 3 3 MHz 
bandwidth 

OM Phase margin TA s 25°C 45 45 Oegr 

VOUT Output voltage swing 
RL = 2kn, TA = 25°C, ±13 ± 13.5 ±13 ± 13.5 

V 
Over temp. ±12.5 ±13 ±12.5 ±13 

VOUT Output voltage swing RL = 600n, T A = 25°C, ±10 ±11.5 ±10 ± 11.5 
V 

Over temp. ±7.5 ±9 ±8 ±9 

Icc Power supply current 
RL = Open, T A = 25°C, 6 10 6 10 

mA 
Over temp. 7 12 7 12 

PSRR Power supply rejection ratio Over temp. 80 110 80 110 dB 

AA Amplifier to amplifier coupling f = 1kHz to 20kHz, TA = 25°C -120 -120 dB 

THO Total harmonic distortion 
f = 10kHz, TA = 25°C, 

0.01 0.01 % 
VO=7VRMS 

VNOISE Input noise voltage f = 1kHz, TA = 25°C 30 30 nV/YHz 

Isc Short-circuit current TA = 25°C 10 40 60 10 40 60 mA 
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NE5514 DESCRIPTION 
The SEtNE5514 family of Ouad Operational 
Amplifiers sets new standards in Bipolar 
Ouad Amplifier Performance. The amplifiers 
feature low input bias current and low offset 
voltages. Pinout is identical to LM324t 
LM348, which facilitates direct product substi
tution for improved system performance. Out
put characteristics are similar to a p.A 7 41 with 
improved slew and drive capability. 

FOUR-QUADRANT PHOTO
CONDUCTIVE DETECTOR 
AMPLIFIER 
When operating a photo diode in the photo
conductive mode (reverse-biased) very small 
currents in the microampere range must be 
sensed in the photo active operating region. 
Dark currents in the nanoamperes are com
mon. Generally, for this reason, JFET input 
preamps are used to prevent interaction and 
accuracy degradation due to input bias cur
rents. 

The 5514 has sufficiently low input bias 
current (6nA) to allow its use under these 
circuit constraints as shown in a possible 
design used to sense four-quadrant motion of 
a light source. By proper" summing of the 
signals from the X and V axes, four-quadrant 
output may be fed to an X-V plotter, oscillo
scope or computer for simulation (see Figure 
1). 

The wide input common-mode voltage range 
of the device allows a + 10V supply to be 
used to drive the signal bridge giving high 
sensitivity and improved signal-to-noise. Obvi
ously, input balancing is critical to achieving 
common-mode signal rejection in addition to 
adequate shielding of the sensor leads. The 
sensor head itself must be shielded and the 
shield grounded to signal common to avoid 
unwanted noise pick-up from power line and 
other local noise sources. AmplHier response 
may be shaped to aid in noise reduction by 
more complex filter configurations. If possible 
the 5514 should be located in close proximity 
to the sensor head. 

System balance may be done under dark field 
conditions" if adequate photo detector track
ing results. However, for high accuracy sys
tems, a bipolar balance adjust added to the 
non-inverting output stage is more desirable. 
With this latter method, the signal bridge is 
balanced for a null output under uniform light 
field conditions using the bridge balance pot 
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Figure 1. Four-Quadrent Photo Detector 

as shown. DC offset is then adjusted using 
the balance pot on the output amplifier under 
dark field conditions. 

MULTI-TONE BANDPASS 
FILTER FOR PLL TONE 
DECODER 
In the design of a multiple tone signaling 
system, particularly where signals are trans
mnted over long lines, noise and adjacent 
channel interference may be a significant 
barrier to reliable communicatiOnS. 

4-84 

By the use of narrow-band active pre-filters to 
attain selectivity and gain, the effective signal 
to noise ratio is greatly improved. The NEt 
SE5514 is easily adapted to such filter config
urations due to Its inherent stability. In addi
tion, its very high input impedance drastically 
reduces loading to the passive networks and 
allows for increased "0" and large value 
resistors. 

The circuR in Figure 2 demonstrates multiple 
feedback filters operating at four of the stan
dard signaling frequencies. More channels 
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may be added to increase the capacity of the 
system. 

Test results obtained from the filter configura
tion were as follows: 

Wide-band signal-to-noise 
Gain (Mid band) 
Q (effective) 
Output 

63dB 
30dB 
"'30 
OdBM 
(0.775VRMS) 

Note that the amplifiers are operated from a 
single + 12V supply and are biased to half 
V cc by a simple resistive divider at point B 
which connects to all non-inverting inputs. 

4-STATION 0 - 50° 
TEMPERATURE SENSOR 
By using an NPN transistor as a temperature 
sensing element, the NE5514 forms the basis 
for a multi-station temperature sensor as 
shown in Figure 3. The principle used is 
fundamental to the current voltage relation
ship of a forward-biased junction. The current 
flow across the base-emitter junction is deter
mined by absolute temperature in the follow
ing way: 

IE = -(Ie + IB) kt 
and IE ~ Is exp (VBEIVT); VT = -

therefore, VSE ~ VT In IElls q 

Where IE is the forward current and Is is the 
saturation current inherent in the junction, IE 
must be high enough such that the Is varia
tion with temperature is small relative to IE 
(IE > > Is). Is is typically 0.05pA, therefore, 
setting IE to 1 or 2/lA gives the desired 
condition. 

Diode 01 serves to substantially reduce error 
due to power supply variation by giving a fixed 
voltage reference. To calibrate the sensor 
adjust R. for "0" volts output from the 
NE5514 at O°C. Adjust R6 tracking resistor for 
a scale factor of 1 OOmV fOC output. 

Only the transistor need be placed in the 
temperature-controlled environment. Figure 4 
shows the addition of an AID converter and 
display to give a digital thermometer. 
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DESCRIPTION 
The 5532 is a dual high-performance low 
noise operational amplifier. Compared to 
most of the standard operational amplifi
ers, such as the 1458, it shows better 
noise performance, improved output 
drive capability and considerably higher 
small-signal and power bandwidths. 

This makes the device especially suit
able for application in high-quality and 
professional audio equipment, instru
mentation and control circuits, and tele
phone channel amplifiers. The op amp is 
internally compensated for gains equal 
to one. If very low noise is of prime 
importance, it is recommended that the 
5532A version be used because it has 
guaranteed noise voltage specifications. 

NE/SE5532/5532A 
Internally-Compensated Dual 
Low Noise Operational 
Amplifier 
Product Specification 

FEATURES 
• Small-signal bandwidth: 10MHz 
• Output drive capability: 600n, 

10VRMS 
• Input noise voltage: 

5nV 1v'Hz (typical) 

• DC voltage gain: 50000 
• AC voltage gain: 2200 at 10kHz 
• Power bandwidth: 140kHz 

• Slew rate: 9V/jJ.s 
• Large supply voltage range: ± 3 

to ±20V 

• Compensated for unity gain 

PIN CONFIGURATIONS 

INV.RiTING 
INPUT A 

FE, N Packages 

NON·INVI!RTINCI rrlIifi""flTA ..... u-:,.,INYIRTING 
IN"'T A INPUT 8 

NOTE: 

TOP VIEW 

o Package' 

TOP VIEW 

1. SOL and non-standard pinout. 

NON .. NVIRTINO 
INPUT • 

EQUIVALENT SCHEMATIC (EACH AMPLIFIER) 

+ 

November 14. 1986 4-87 853-0949 86551 
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ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

S-Pin Plastic DIP o to 70·C NE5532N 

S-Pin Ceramic DIP o to 70·C NE5532FE 

S-Pin Plastic DIP o to 70·C NE5532AN 

S-Pin Ceramic DIP o to 70·C NE5532AFE 

S-Pin Ceramic DIP -55·C to +125·C SE5532FE 

S-Pin Ceramic DIP -55·C to +125·C SE5532AFE 

16-Pin Plastic SOL o to 70·C NE5532D 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Vs Supply voltage ±22 V 

VIN Input voltage ±VSUPPLY V 

VOIFF Differential input voltage 1 ±0.5 V 

TA Operating temperature range 
NE5532/A o to 70 ·C 
SE5532/A -55 to +125 ·C 

TSTG Storage temperature -65 to +150 ·C 

TJ Junction temperature 150 ·C 

Po Maximum power dissipation, T A = 25·C, 
(still-air)2 

N package 1200 mW 
F package 1000 mW 
D package 1200 mW 

TSOLO Lead soldering temperature (10sec max) 300 ·C 

NOTES: 
I. Diodes protect the inputs against over-voltage. Therefore, unless current-limiting resistors are used, 

large currents will flow n the differential Input voltage exceeds O.SV. Maximum current should be 
limited to ± IOmA. 

2. Thermal resistances of the above packages are as follows: 
N package at IOO·C/W. 
F package at 1 25·C/W. 
o package at IOO·C/W. 

November 14, 1986 4·88 

Product Specification 

NE/SE5532/5532A 



Signetics Linear Products 

Internally-Compensated Dual Low Noise 
Operational Amplifier 

Product Specification 

NE/SE5532/5532A 

DC ELECTRICAL CHARACTERISTICS T A. 25°C, Vs. ± 15V, unless otherwise specified. 1. 2. 3 

SE5532/5532A NE5532/5532A 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Vos Offset voltage 0.5 2 0.5 4 mV 
Over temperature 3 5 mV 

AVoslln 5 5 lJ.V/oC 

los Offset current 100 10 150 nA 
Over temperature 200 200 nA 

Alos/AT 200 200 pArC 

la Input current 200 400 200 800 nA 
Over temperature 700 1000 nA 

Ala/AT 5 5 mArC 

Icc Supply current 
8 16 mA 

Over temperature 13 mA 

VCM Common-mode input range ±12 ±13 ±12 ±13 V 

CMRR Common-mode rejection ratio 80 100 70 100 dB 

PSRR Power supply rejection ratio 10 50 10 100 IJ.VN 

RL~2kn, Vo·±10V 50 25 100 V/mV 

AVOL Large-signal voltage gain 
Over temperature 25 15 VlmV 

RL~600n, Vo=±10V 40 15 50 VlmV 
Over temperature 20 10 V/mV 

RL~600n ±12 ±13 V 
Over temperature ±10 ±12 V 

VOUT Output swing RL~600n, Vs=±18V ±15 ±16 V 
Over temperature ±12 ±14 V 

RL ~ 2kn over temp. ±12 ±13 ±10 ±13 V 

RIN Input resistance 30 300 30 300 kn 

Isc Output short circuit current 10 38 60 10 38 60 mA 

NOTES: 
1. Diodes protect the inputs against overvoltage. Therefore, unless current-limiting resistors are used, large currents will flow if the differential input 

voltage exceeds O.6V. Maximum current should be IimHed to ± 10mA. 
2. For operation at elevated temperature, derate packages besed on the package thermal resistance. 
3. Output may be shorted to ground at Vs = ± 15V, TA = 25°C. Temperature andlor supply voltages must be limtted to ensure dissipation rating is not 

exceeded. 

November 14, 1986 4-89 
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AC ELECTRICAL CHARACTERISTICS TA = 25°C Vs = + 15V unless otherwise specilied -

SYMBOL PARAMETER TEST CONDITIONS 

ROUT Output resistance 
Av = 30dB Closed-loop 
I = 10kHz. RL = 600n 

Voltage-Iol/ower 
Overshoot VIN = 100mVp_p 

CL = 100pF. RL = 600n 

Gain I = 10kHz 

BW Gain bandwidth product CL = 100pF. RL - 600n 

SR Slew rate 

VOUT= ±10V 
Power bandwidth VOUT = ± 14V. RL = 600n. 

Vcc=±18V 

ELECTRICAL CHARACTERISTICS TA = 25°C. Vs = ± 15V. unless otherwise specified. 

NE/SE5532 
SYMBOL PARAMETER TEST CONDITIONS 

Min Typ Max 

VNOISE Input noise voltage 10 = 30Hz 8 
10 = 1kHz 5 

INOISE Input noise current 10 = 30Hz 2.7 
10 -1kHz 0.7 

Channel separation I = 1kHz. Rs = 5kn 110 

November 14. 1986 4·90 
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NE/SE5532/5532A 

NE/SE5532/5532A 
UNIT 

Min Typ Max 

0.3 n 

10 % 

2.2 Vlrnv 

10 MHz 

9 VIps 

140 kHz 
100 kHz 

NE/SE5532A 
UNIT 

Min Typ Max 

8 12 nV/v'Ri 
5 6 nV/v'Ri 

2.7 pA/v'Ri 
0.7 nV/v'Ri 

110 dB 
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TYPICAL PERFORMANCE CHARACTERISTICS 

Open-Loop Frequency 
Response 

Closed-Loop Frequency 
Response 
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TEST CIRCUITS 
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Clo8ed-Loop Frequency Response 
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DESCRIPTION 
The 5533/5534 are dual and single high
performance low noise operational am
plifiers. Compared to other operational 
amplifiers, such as TL083, they show 
better noise performance, improved out
put drive capability and considerably 
higher small-signal and power band
widths. 

This makes the devices especially suit
able for application in high quality and 
professional audio equipment, in instru
mentation and control circuits and tele
phone channel amplifiers. The op amps 
are internally compensated for gain 
equal to, or higher than, three. The 
frequency response can be optimized 
with an external compensation capacitor 
for various applications (unity gain ampli
fier, capacitive load, slew rate, lowover
shoot, etc.) If very low noise is of prime 
importance, it is recommended that the 
5533A/5534A version be used which 
has guaranteed noise specifications. 

ORDERING INFORMATION 

NE5533/5533A 
NE/SA/SE5534/5534A 
Dual and Single Low Noise 
Op Amp 
Product Specification 

FEATURES 
• Smail-signal bandwidth: 10MHz 
• Output drive capability: 600n, 

10VRMS at Vs = ± 18V 
• Input noise voltage: 4nV IVHz 
• DC voltage gain: 100000 
• AC voltage gain: 6000 at 10kHz 
• Power bandwlth: 200kHz 
• Slew rate: 13V//JS 
• Large supply voltage range: ± 3 

to ±20V 

PIN CONFIGURATIONS 

NE/SA/SE5534/5534A 

D, FE, N Packages 

BALANCE 1 8 COMPENSATION S .. LANCII 

INY.~:~: 2 _ 7 V + 

NONINVI!~!~~ 3 6 OUTPUT 

11- 4 5 COMPENSATION 

BALANC£ · -· .......... · 

NE5533/5533A 

N Package 

NE5533/5533A 

D Package 

1)2 

c009900S 

otnI'UT . _.
I 
'.LANC." COOINdA""". 

DESCRIPTION TEMPERATURE RANGE ORDER CODE INVINPUTA 1 
NON~NY 
INPUlA 

16:;e' 
1 COMPA 14-Pin Plastic DIP o to +70°C 

16-Pin Plastic SO package o to +70°C 

14-Pin Plastic DIP o to +70°C 

16-Pin Plastic SO package o to +70°C 

8-Pin Plastic SO package o to +70°C 

8-Pin Hermetic Cerdip o to +70°C 

8-Pin Plastic DIP o to +70°C 

8-Pin Plastic SO package o to +70°C 

8-Pin Hermetic Cerdip o to +70°C 

8-Pin Plastic DIP o to +70°C 

8-Pin Plastic DIP -40°C to + 85°C 

8-Pin Plastic DIP -40°C to + 85°C 

8-Pin Hermetic Cerdlp -55°C to + 125°C 

8-Pin Plastic DIP -55°C to +125°C 

8-Pin Hermetic Cerdip -55°C to + 125°C 

8-Pin Plastic DIP - 55°C to + 125°C 

February 26, 1987 4-93 

NE5533N 

NE5533AD 

NE5533AN 

NE5533D 

NE5534D 

NE5534FE 

NE5534N 

NE5534AD 

NE5534AFE 

NE5534AN 

SA5534N 

SA5534AN 

SE5534AFE 

SE5534N 

SE5534AFE 

SE5534AN 

BALANCE A 3 

BALANCEB 5 

NON~NYB 6 

10 NC 

BALANCE' ,L-___ .r- COMPS 

TOPYIEW 
00113905 

NOTE: 
This device may not be symboled In standard 
fOrmat. 

863-0222 87779 
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Dual and Single Low 
Noise Op Amp 

EQUIVALENT SCHEMATIC 

• 

Product Specification 

NE5533/5533A 
NE/SA/SE5534/5534A 

r--r--~------~-+~-----r----~----+---~7 
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Dual and Single low 
Noise Op Amp 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Vs Supply voltage 

VIN Input voltage 

VOIFF Differential input voltage 1 

TA Operating temperature range 
SE 
SA 
NE 

TSTG Storage temperature range 

TJ Junction temperature 

Po Power dissipation at 25·c2 
5533N, 5534N, 5534FE 

Output short-circuit duration3 

TSOLO 
Lead soldering temperature (10sec 
max) 

NOTES: 

RATING UNIT 

t22 V 

tV supply V 

to.5 V 

-55 to +125 ·C 
-40 to +85 ·C 
o to +70 ·C 

-65 to +150 ·C 

150 ·C 

800 mW 

Indefinite 

300 ·C 

1. Diodes protect the inputs against over voltage. Therefore, unless current-limiting resistors are 
used, large currents will flow if the differential input voltage exceeds O.6V. Maximum current 
should be limned to ± 10mA. 

2. For operation at elevated temperature, derate packages based on the following Junction-to-arnbienl 
thermal resistance: 

a-pin ceramic DIP 150·C/W 
a-pin plastic DIP 105·C/W 
a-pin plastic SO 160·C/W 

14-pin ceramic DIP 100·C/W 
14-pin plastic DIP ao·c/w 
16-pin plastic SO 90·C/W 

3. Output may be shorted to ground at Vs = ± 15V, TA = 25·C. Temperature and/or supply voltages 
must be limited to ensure dissipation rating is not exceeded. 
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Dual and Single Low 
Noise Op Amp 

Product Specification 

NE5533/5533A 
NE/SA/SE5534/5534A 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs - ± 15V, unless otherwise speclfied. 1• 2 

SE5534/5534A 
NE5533/5533A/ 

SYMBOL PARAMETER TEST CONDITIONS 5534/5534A UNIT 

Min Typ Max Min Typ , Max 

Vos 0.5 2 0.5 4 mV 
Offset voltage Over temperature 3 5 mV 

AVos/AT 5 5 pVloC 

los 10 200 20 300 nA 
Offset current Over temperature 500 400 nA 

Alos/AT 200 200 pAloC 

IB 400 800 500 1500 nA 
I nput current Over temperature 1500 2000 nA 

AlB/AT 5 5 nArC 

Icc 
Supply current 4 6.5 4 8 mA 
per op amp Over temperature 9 10 mA 

VCM Common mode input range ±12 ±13 ±12 ±13 V 
CMRR Common mode rejection ratio 80 100 70 100 dB 
PSRR Power supply rejection ratio 10 50 10 100 IlVIV 

AVOL Large-signal voltage gain 
RL;;'600n, Vo=±10V 50 100 25 100 V/mV 
Over temperature 25 15 V1mV 

RL;;'600n ±12 ±13 ±12 ±13 V 

Output swing 
Over temperature ±10 ±12 ±10 ±12 V 

VOUT RL;;'600n, Vs=±18V ±15 ±16 ±15 ±16 V 
5534 only 

RL;;'2kn ±13 ±13.5 ±13 ±13.5 V 
Over temperature ±12 ±12.5 ±12 ±12.5 V 

RIN Input resistance 50 100 30 100 kn 

Isc Output short circuH current 38 38 mA 

NOTES: 
1. For NE5533/5533A15534/5534A. T MIN = O°C. T MAX = 70"C. 
2. For SE5534/5534A, T MIN = -55"C, T MAX = + 125"C. 
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Dual and Single Low 
Noise Op Amp 

Product Specification 

NE5533/5533A 
NE/SA/SE5534/5534A 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = 15V, unless otherwise specified, 

SE5534/5534A 
NE5533/5533AI 

SYMBOL PARAMETER TEST CONDITIONS 5534/5534A UNIT 

Min Typ Max Min Typ Max 

Av - 30dB closed-loop 
ROUT Output resistance I = 10kHz, RL - 600n, 0.3 0.3 n 

Cc= 22pF 

Voltage-Iollower, 

Transient response VIN-50mV 
RL = 600n, Cc ~ 22pF, 

CL = 100pF 

tR Rise time 20 20 ns 

Overshoot 20 20 % 

Transient response VIN = 50mV, RL = 600n 
Cc - 47pF, CL = 500pF 

tR Rise time 50 50 ns 

Overshoot 35 35 % 

Av Gain 1= 10kHz, Cc-O 6 6 V/mV 
I - 10kHz, Cc = 22pF 2.2 2.2 V/mV 

BW Gain bandwidth product Cc - 22pF, CL = 100pF 10 10 mHz 

SR Slew rate Cc=O 13 13 VIps 
Cc -22pF 6 6 VIps 

Power bandwidth VOUT-±10V, Cc=O 200 200 kHz 
VOUT= ± 10V, Cc = 22pF 95 95 kHz 
VOUT = ± 14V, RL = 600n 70 70 kHz 
Cc - 22pF, Vee = ± 18V 

ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = 15V, unless otherwise specified. 

5533/5534 5533A/5534A 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

VNOISE Input noise voltage 
fo=30Hz 7 5.S 7 nVlYHz 
fo = 1kHz 4 3.5 4.5 nVlYHz 

INOISE Input noise current fo= 30Hz 2.5 1.S pAlYHz 
10 -1kHz 0.8 0.4 pAlYHz 

Broadband noise ligure 
f = 10Hz - 20kHz, 

0.9 dB 
Rs=5kn 

Channel separation f -1kHz, Rs = Skn 110 110 dB 
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Dual and Single Low 
Noise Op Amp 

TYPICAL PERFORMANCE CHARACTERISTICS 

Open-Loop Frequency Response 
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Dual and Single Low 
Noise Op Amp 

TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 

Input Noise Current Density Total Input Noise Density 
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Product Specification 

NE5533j5533A 
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NOISE TEST BLOCK DIAGRAM 
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AUDIO CIRCUITS USING THE 
NE5532/33/34 
The following will explain some of Signetics' 
low noise op amps and show their use in 
some audio applications. 

DESCRIPTION 
The 5532 is a dual high-performance low 
noise operational amplifier. Compared to 
most of the standard operational amplifiers, 
such as the 1458, it shows better noise 
performance, improved output drive capability 
and considerably higher small-signal and 
power bandwidths. 

This makes the device especially suitable for 
application in high quality and professional 
audio equipment, instrumentation and control 
circuits, and telephone channel amplifiers. 
The op amp is internally-compensated for 
gains equal to one. If very low noise is of 
prime importance, H is recommended that the 
5532A version be used which has guaranteed 
noise voltage specifications. 

APPLICATIONS 
The Signetics 5532 High-Performance Op 
Amp is an ideal amplifier for use in high 
quality and professional audio equipment 
which requires low noise and low distortion. 
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AN142 
Audio Circuits Using the 
NE5532j33j34 
Application Note 

The circuit included in this application note 
has been assembled on a PC board, and 
tested with actual audio input devices (Tuner 
and Turntable). It consists of an RIAA (Re
cording Industry Association of America) 
preamp, input buffer, 5-band equalizer, and 
mixer. Although the circuit design is not new, 
its performance using the 5532 has been 
improved. 

The RlAA preamp section is a standard 
compensation configuration with low frequen
cy boost provided by the Magnetic cartridge 
and the RC network in the op amp feedback 
loop. Cartridge loading is accomplished via 
R1. 47k was chosen as a typical value, and 
may differ from cartridge to cartridge. 

The Equalizer section consists of an input 
buffer, 5 active variable band pass/notch 
(depending on R9's setting) filters, and an 
output summing amplifier. The input buffer is 
a standard unity gain design providing imped
ance matching between the preamplifier and 
the equalizer section. Because the 5532 is 
internally-compensated, no external compen
sation is required. The 5-band active filter 
section is actually five individual active filters 

'R12 

COMPONENT VALUES 

A5 lOOk C5 SEE TABLE 
A6 lOOk C6 SEE TABLE 
A7 SEE TABLE C7 2.2~F 
AI (pot) SEE TABLE 

Figure 1_ RlAA - Equalizer SchematiC 
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with the same feedback design for all five. 
The main difference in all five stages is the 
values of C5 and ca, which are responsible 
for setting the center frequency of each 
stage. Linear pots are recommended for R9. 
To simplify use of this circuit, a component 
value table is provided, which lists center 
frequencies and their associated capacitor 
values. Notice that C5 equals (10) C6, and 
that the Value of R8 and R10 are related to 
R9 by a factor of 10 as well. The values listed 
in the table are common and easily found 
standard values. 

RIAA EQUALIZATION AUDIO 
PREAMPLIFIER USING NE5532A 
With the onset of new recording techniques 
with sophisticated playback equipment, a new 
breed of low noise operational amplifiers was 
developed to complement the state-of-the-art 
in audio reproduction. The first ultra-low noise 
op amp introduced by Signetics was called 
the NE5534A. This is a single operational 
amplifier with less than 4nV/YHz input noise 
voltage. The NE5534A is internally-compen
sated at a gain of three. This device has been 
used in many audio preamp and equalizer 
(active filter) applications since its introduc
tion early last year. 

Ae SEE TABLE 
Al0 lOOk 
Rll lOOk 
All 10k (5 STAGES) 

TOYOLI 
BAl..,.. 

I 
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COMPONENT VALUES FOR FIGURE 1 

R8=2Sk 
R7=2.4k R9=240k 

to CS C6 

23Hz ljlF O.ljtF 
50Hz 0.47jlF 0.047j.!F 
72Hz 0.33jtF 0.033jlF 
108Hz O.22jlF O.022jlF 
158Hz 0.15jtF 0.015jlF 
238Hz O.ljlF O.OljlF 
290Hz 0.082jlF 0.OO82jtF 
350Hz O.068jlF 0.0068jlF 
425Hz 0.056jlF 0.OO56j.!F 
506Hz 0.047jtF 0.0047jlF 
721Hz 0.033jlF O.OO33jlF 
1082Hz O.022jtF 0.0022jlF 
1588Hz 0.015jtF 0.0015jlF 
2382Hz O.OljtF O.OOlj.!F 
2904Hz O.0082jlF 820pF 
3502Hz O.OO68jlF BBOpF 
4253Hz 0.OO56jlF 560pF 
5088Hz O.0047jtF 470pF 
7218Hz 0.OO33jlF 330pF 
10827Hz O.OO22jtF 220pF 
15BBOHz 0.OO15jlF 150pF 
23820Hz O.OOljlF 100pF 

Many of the amplifiers that are being de· 
signed today are DC·coupled. This means 
that very low frequencies (2 - 15Hz) are being 
amplified. These low frequencies are com
mon to turntables because of rumble and 
tone arm resonancies. Since the amplifiers 
can reproduce these sub-audible tones, they 
become quite objectionable because the 
speakers try to reproduce these tones. This 
causes non-linearitiea when the actual re
corded malerlal is amplified and converted to 
I10Und waves. 

The RIM has proposed a change in its 
standard playback response curve in order to 
alleviate some of the problems that were 
previously discussed. The changes occur pri
marily at the low frequency range with a slight 
modification to the high frequency range (See 
Figure 2). Note that the response peak for the 
bass section of the playback curve now 
occurs at 31.5Hz and begins to roll off below 
that frequency. The roll-off occurs by intro
ducing a fourth RC network with a 7950j.!S 
time constant to the three existing networks 
that make up the equalization circuit. The high 
end of the equalization curve Is extended to 
20kHz, because recordings at thasa frequen
cies are achievable on many current discs. 

February 1987 

R8=SOk 
R7=S.lk R9= S10k 

to CS C6 

25Hz 0.47jlF 0.047jlF 
36Hz .0.33jtF 0.033jtF 
54Hz 0.22jlF 0.022jlF 
79Hz 0.15jtF 0.015jtF 
119Hz 0.1j.!F O.Olj.!F 
145Hz 0.082jlF 0.OOB2jlF 
175Hz 0.068j.!F 0.0068jlF 
212Hz 0.056jlF 0.0058 j.!F 
253Hz 0.047j.!F 0.OO47jlF 
360Hz 0.033jlF O.0033jlF 
541Hz 0.022jlF 0.0022jlF 
794Hz 0.015jtF 0.0015jlF 
1191Hz O.OIj.!F O.OOIj.!F 
1452Hz 0.0082j.!F 820pF 
1751Hz O.0068jtF BBOpF 
2126Hz 0.0056j.!F 5BOpF 
2534Hz ·0.0047jtF 470pF 
3609Hz O.OO33jlF 330pF 
5413Hz 0.0022jtF 220pF 
7940Hz 0.OO15jlF 150pF 
11910Hz O.OOIj.!F 100pF 
14524Hz 820pF 82pF 
17514Hz 6BOpF 68pF 
21267Hz 560pF 58pF 

NE5533/34 DESCRIPTION 
the 5533/5534 are dual and single high
performance low noise operational amplifiers. 
Compared to othar operational amplifiers, 
such as TL083, they show better noise per
formance, improved output drive capability 

R8= lOOk 
R7= 10k R9= lmeg 

to CS C6 

12Hz 0.47jlF 0.047j.!F 
18Hz 0.33jlF 0.033jlF 
27Hz O.22j.!F 0.022j.!F 
39Hz 0.15j.!F 0.015j.!F 
59Hz O.lj.!F O.Olj.!F 
72Hz 0.082jtF 0.0082j.!F 
87Hz 0.068j.!F O.OOBBj.!F 
108Hz 0.056j.!F 0.0056j.!F 
126Hz 0.047j.!F 0.0047j.!F 
180Hz 0.033j.!F 0.OO33j.!F 
270Hz 0.022jtF 0.0022jtF 
397Hz 0.015j.!F 0.0015j.!F 
595Hz O.OIj.!F O.OOlj.!F 
726Hz 0.0082jlF 820pF 
875Hz 0.0068jlF 6BOpF 
1063Hz 0.0056jlF 560pF 
1267Hz 0.0047j.!F 470pF 
1804Hz O.OO33j.!F 330pF 
2706Hz 0.OO22j.!F 220pF 
3970Hz 0.0015j.!F 150pF 
5955Hz O.OOljlF 100pF 
7262Hz 820pF 82pF 
8757Hz 680pF BBpF 
10633Hz 560pF 56pF 
12670Hz 470pF 47pF 
18045Hz 330pF 33pF 

and considerably higher smail-signal and 
power bandwidths. 

This makes the devices especially suitable for 
application in high quality and professional 
audio equipment, instrumentation and control 
circuits, and telephone channel amplifiers. 

·25 IILlII 
.,. 
." 
-10 

-. 

(db) 5 
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NEW RIA. 

'0 100 (HZ) " 
Figure 2. Proposed RIAA Playback Equalization 
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.27-..' 
INPUTo--it-'t'""----I 

471< 

.... 

'15V 

>--""'--0 TO LOAD 

• 1JZ OF DUAL OPERATtONAL AMPLIFIER 

NOTE: 
All resistors are 1 % metal film 

Figure 3. RIAA Phonograph Preamplifier Using the NE5532A 

The op amps are internelly·compensated for 
gain equal to, or higher than, three. The 
frequency response can be oplimized with an 
external compensation capacitor for various 
applications (unity gain amplifier, capacitive 
load, slew rate, low overshoot, etc.) If very 
low noise is of prime importance, it is recom· 
mended that the 5533A15534A version be 
used which has guaranteed noise specifica· 
lions. 

APPLICATIONS 
Diode Protection of Input 
The input leads of the device are protected 
from differential transients above ± 0.6V by 
internal back-to-back diodes. Their presence 
imposes certain limitations on the amplifier 
dynamic characteristics related to closed
loop gain and slew rate. 

Consider the unity gain follower as an exam
ple: 

LD06930S 

February 1987 

Assume a signal input square wave with dV I 
dt of 250VI/IS and 2V peek amplitude as 
shown. If a 22pF compensation capacitor is 
inserted and the Rl Cl circuit deleted, the 
device slew rate falls to approximately 7V1/1S. 
The input waveform will reach 2V 1250V I/IS or 
8ns, while the output will have changed 
(8 X 10-3) only 56mV. The differential input 
signal is then (VIN - Vol RI/RI + RF or approx
Imately W. 

The diode limiter will definitely be active and 
output distortion will occur; therefore, 
VIN < W as indicated. 

Next, a sine wave input is used with a similar 
circuit. 

4·103 

ApplicatiOn Note 

AN142 

lK 

lK 

The slew rate of the input waveform now 
depends on frequency and the exact expres
sion is 

dv 
-=2w cos wt 
dt 

The upper limit before slew rate distortion 
occurs for small-signal (VIN < 100mV) condi
lions is found by setting the slew rate to 7V I 
/IS. That is: 

7 X 10SV//IS - 2w cos wt 

at wt=O 
7 X 106 

WLIMIT----=3.5 X 106 rad/s 
2 

3.5 X 106 
fLiMIT - 2;-- E!! 560kHz 

I 
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External Compensation Network 
Improves Bandwidth 
By using an external lead-lag network, the 
follower circuit slew rate and small-signal 
bandwidth can be increased. This may be 
useful in situations wl)ere a closed-loop gain 
less than 3 to 5 is indicated. A number of 
examples are shown in subsequent figures. 
The principle benefit of using the network 
approach is that the full slew rate and band
width of the device is retained, while impulse
related parameters such as damping and 
phase margin are controlled by choosing the 
appropriate circuit constants. For example, 
consider the following configuration: 

The major problem to be overcome is poor 
phase margin leading to Instability. 

GAIN 

90 

" 
dB 45 \ , 

o 1\ 
o 0.1 1.0 10 50 

MHz 

PHASE 

_IS00 O~------~O.-I--~I.-0--I~O~50 

MHz 

February 1987 

By choosing the lag network break frequency 
one decade below the unity gain crossover 
frequency (30 - 50MHz), the phase and gain 
margin are improved. An appropriate value for 
R is 270n. Setting the lag network break 
frequency at 5MHz, C may be calculated 

1 
C = 2-'11'---27-0-. -5-X-l-0""& 

-118pF 

RULES AND EXAMPLES 
Compensation Using Pins 5 and 
8 (Umited Bandwidth and Slew Rate) 
A single-pole and zero inserted in the transfer 
function will give an added 45° of phase 
margin, depending on the network values. 

Calculating the Lead-Lag Network 

1 R'N 
Cl =--- Let Rl =-

2'11'F1Rl 10 

where 
1 

Fl = 10 (UGBW) 

UGBW= 30MHz 

External Compensation for 
Wide-Band Voltage-Follower 
Shunt Capacitance Compensation 

1 
CF = ----, FF ~ 30MHz 

2'11'FFRF 

or 
CF~COIST 

AcL 
COIST ~ Distributed Capacitance ~ 2 - 3pF 

Many audio circuits involve carefully-tailored 
frequency responses. Pre-emphasis is used 
in all recording mediums to reduce noise and 
produce flat frequency response. The most 
often used de-emphasis curves for broadcast 
and home entertainment systems are shown 
in Figure 7. Operational amplifiers are well, 
suited to these applications because of their 
high gain and easily-tailored frequency re
sponse. 

RIAA PREAMP USING THE 
NE5534 
The preamplifier for phono equalization is 
shown in Figure 8 with the theoretical and 
actual circuit response. 

Low frequency boost is provided by the 
inductance of the magnetic cartridge with the 

~2_ 6 VOUT 

VIN + 8 

5 

NOTES: 
c, -Cc(l) 
Co - 22pF for NE5533/34 

C, 

~ - 22pF [See graph. under typical performance characteristics] 

1.0067308 

Figure 4. Unity Gain Non-Inverting Confllguratlon 

NOTES: 
RFIIIIRIN 

C, - Cc [~] - ~2 therefore. C, - f lpF 
RF+ RIN 

VOUT 

Figure 5_ Unity Gain Inverting Confllguratlon 
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eDlST. 
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I ~----~~----~ 

-:t RON 
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>---..... --0 YOUT 

NOTE: 
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. 

Figure 6. External Compensation for Wldeband Voltage Follower 
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RC network providing the necessary break 
points to approximate the theoretical RIAA 
curve. 

RUMBLE FILTER 
Following the amplifier stage, rumble and 
scratch filters are often used to improve 
overall quality. Such a filter designed with op 
amps uses the 2-pole Butterworth approach 
and features switchable break points. With 
the circuit of Figure 9, any degree of filtering 
from fairly sharp to none at all is switch
selectable. 

tUlNOWMFI'IECU!NC'I' 
IDIfrISNHr 

::~Nlf8 

r---\ 
.... 

. \ 
\ . \ 

, 

- .. 
c. 3.75 IPS Tape Equalization 

l\IINOVER~2122aos 
TI.E CONSTANT 71,.. 

\ 
\ 

\ 
1\ 
\ 
\ 

\ 
II( 10K 

d. Base Treble Control Curve e. Standard FM Broadcast Equalization 

Figure 7 
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NOTES: 
"'Select to provide specified transducer loading. 
Output Noise '" O.8mVRMS (with Input shorted) 

All resistor values are In ohms. 

~-... ~ 

-~ ~~ -~- .. ~ 
'~ 

, .. 
L 

'" 0 , .. ... ... 

>----...... -oOUTPUT 

,.DOl 

a. 

~."" 
--'\ 

.'\. 
'\ 

o .' ... .. 
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jACTUAl.lI_ 

~ -

... .. 
b. Bode Plot of RIAA Equalization and the Response 

Realized In an Actual Circuit Using the 531 
c. Bode Plot of NAB Equalization and the Response 

Realized In the Actual Circuit Using the 531 

NOTE: 
All resistor values are In ohms. 

February 1987 

Figure 8. Preamplifier - RIAA/NAB Compensation 

POSITION FREO. 
1 FLAT 
2' )0 Hz 
3 SOH, . "' 

Figure 9. Rumble/Scratch Filter 
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POSITION 
1 
2 
3 

• 

100 

FREQ 

5KHz 
10KH, 
15KHz 
F AT 

TClD8841S 
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1.F 10K 100K 10K 
INPUT o--f 1-1-"""'-t"-'/ofY--t ...... "IV-..,...-----, 

v+ 

NOTES: 

OUTPUT 
5V 
PEAK 10 PEAK 

+40 

+30 

+20 

Iii" +10 
S 
~ 0 

" -10 

-20 

-30 

-40 
10 

1. AmpHfier A may be a NE531 or 301. Frequency compensation, as for unity gain non-inverting amplifiers. must be used. 
2. Turn-over frequency - 1 kHz. 
3. Bass boost + 20dB at 20Hz. bass cut-20dS at 20Hz, treble boost + 19dB at 20Hz. treble cut-19dB at 20Hz. 

All resistor values are in ohms. 
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MAX MAX 
BASS TREBLE 
BOOsr BOOSf 

""'- L 
"'-.. ./ 
./ " / i'--. 

MAX MAX 
BASS TREBLE 
CUT CUT 

100 \000 10,000 1DD.DDD 
FREQUENCY (Hz) 

Figure 10. Tone Control Circuit for Operational Amplifiers 

0.' 
AI. <>--I1",vEO. 

lOOK -..---t-i 
I 

... I 
I 
I 

".7K 

-

I BALANCE 

0.' 

NOTE: 

1 250< 

I 
I 
I ".7K 

All resistor values are In ohms. 

lOOK 

lOOK 

lOOK I 
I I 

I I 

I I 

1 I 
1 

I 
2_ I 

I -I 
120 1 

I 

UK 0 

... 

Figure 11. Balance Amplifier With Loudness Control 
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"OUT 

BOUT 

TONE CONTROL 
Tone control 01 audio systems involves alter· 
ing the flat response in order to attain more 
low frequencies or more high ones, depen
dent upon listener preference. The circuit of 
Figure 10 provides 20dB of bass or treble 
boost or cut as set by the variable resistance. 
The actual response of the circuit is shown 
also. 

BALANCE AND LOUDNESS 
AMPLIFIER 
Figure 11 shows a combination of balance 
and loudness controls. Due to the non-lineari
ty of the human hearing system, the low 
frequencies must be boosted at low listening 
levels. Balance, level, and loudness controls 
provide all the listening controls to produce 
the desired music response. 

INPUT 

NOTE: 

R2 
100 

RJ 

All resistor values are in ohms. 

OUTPUT 

Figure 12. Universal Offset Null for 
Inverting Amplifiers 

I 
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VOLTAGE AND CURRENT 
OFFSET ADJUSTMENTS 
Many Ie amplifiers include the necessary pin 
connections to provide external offset adjust· 
ments. Many times, however, it becomes 
necessary to select a device not possessing 
external adjustments: Figures 12, 13, and 14 
suggest some possible arrangements for off· 
set voltage adjust and bias current nulling 
circuitry. The circuitry of Figure 14 provides 
sufficient current into the input to cancel the 
bias current requirement. A~hough more sim· 
plified arrangements are possible, the addi· 
tion of 02 and 03 provide a fixed current 
level to 01, thus, bias cancellation can be 
provided without regard to input voltege level. 

February 1987 

NOTE: 

tv 

200K R4 ! Rl 

:K~ 

-v 

R2 
100 

"::" INPUT 

All resistor values are in ohms. 

R5 

OUTPUT 

v (:~) 
GAIN: 1 t ....!!L 

R4 + R2 

'''''''''' 

Figure 13. Universal Offset Null for Non·lnvertlng Amplifiers 

NOTE: 

tv 

200K R4 f Rl 

:K~ 

-v 

R2 
100 

"::" INPUT 

Select R2 & Ra tor desired current 

R5 

Figure 14. Bias Current Compensation 
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DESCRIPTION 
The NE5230 is a very low voltage opera
tional amplifier that can perform with a 
voltage supply as low as 1.8V or as high 
as 15V. In addition, split or single 
supplies can be used, and the output will 
swing to ground when applying the lat
ter. There is a bias adjusting pin which 
controls the supply current required by 
the device and thereby controls its pow
er consumption. If the part is operated at 
± O.9V supply voltages, the current re
quired is only 110pA when the current 
control pin is left open. Even with this 
low power consumption, the device ob
tains a typical unity gain bandwidth of 
180kHz. When the bias adjusting pin is 
connected to the negative supply, the 
unity gain bandwidth is typically 600kHz 
while the supply current is increased to 
600pA. In this mode, the part will supply 
full power output beyond the audio 

NE/SA5230 
Low Voltage 
Operational Amplifier 
Product Specification 

FEATURES 
• Works down to 1.SV supply 

voltages 
• Adjustable supply current 

• Low noise 
• Common-mode includes both 

rails 
• VOUT within 100mV of both rails 

APPLICATIONS 
• Portable precision Instruments 
• Remote transducer amplifier 
• Portable audio equipment 
• Rall-to-rall comparators 
• Half-wave rectification without 

diodes 
• Remote temperature transducer 

with 4 to 20mA output 
transmission 

PIN CONFIGURATION 

N, FE & D Packages 

NlC~8 NIC 
-IN 2 7 Vee 

+IN 3 + 6 OUTPUT 

V... 4 BIAS ADJUST 

lOP VIEW 

range. ORDERING INFORMATION 
The NE5230 also has a unique input 
stage that allows the common-mode 
input range to go above the positive and 
below the negative supply voltages by 
250mV. This provides for the largest 
possible input voltages for low voltage 
applications. The part is also internally
compensated to reduce external compo
nent count. 

The NE5230 has a low input bias current 
of typically ± 40nA, and a large open-
loop gain of 115dB. These two specifica-
tions are beneficial when using the de-
vice in transducer applications. The 
large open-loop gain gives very accurate 
signal processing because of the large 
"excess" loop gain in a closed-loop 
system. 

The output stage is a class AB type that 
can swing to within 100mV of the supply 
voltages for the largest dynamic range 
that is needed in many applications. The 
NE5230 is ideal for portable audio equip
ment and remote transducers because 
of its low power consumption, unity gain 
bandwidth, and 23nVlYHz noise speci
fication. 

November 14, 1986 

DESCRIPTION 

8-Pin Plastic SO package 

8-Pin Ceramic DIP 

8-Pin Plastic DIP 

8-Pin Plastic SO package 

8-Pin PlastiC DIP 

4-109 

TEMPERATURE RANGE ORDER CODE 

o to +70·C NE5230D 

o to +70·C NE5230FE 

o to +70·C NE5230N 

-40·C to + 85·C SA5230D 

-40·C to + 85·C SA5230N 

853-0942 86551 
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ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Vee ' Single supply voltage 18 

VEE Dual supply voltage t9 V 

Differential input voltage 1 ±9 (18) V 

VIN Input voltage 1 ±9 (18) V 

Differential input voltage 1 ±Vs V 

VCM Common-mode voltage (positive) Vee + 0.5 V 

VCM Common-mode voltage (negative) VEE-0.5 V 

Po Power dissipation2 500 mW 

TJ Operating junction temperature2 150 'c 
Output short-circuit duration to either power 

Indefinite sec supply pin2• 3 

TSTG Storage temperature -65 to 150 'c 
TSOLO Lead soldering temperature (10sec max) 300 'c 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER RATING UNIT 

Single supply voltage 1.8 to 15 V 

Dual supply voltage ±0.9 to ±7.5 V 

Common-mode voltage (positive) Vee + 0.25 V 

Common-mode voltage (negative) VEE-0.25 V 

Temperature 
NE grade o to 70 'c 
SA grade -40 to 85 'c 

NOTES: 
I. Can exceed the supply voltages when Vs';'±7.5V (15V). 
2. The maximum operating Junction temperature, is 150'C. At elevated temperatures, devices must be 

derated according to the package thermal resistance and device mounting conditions. 
3. Momentary shorts to either supply are permitted in accordance to transient thermal impedance limitations 

determined by the package and device mounting conditions. 
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Low Voltage Operational Amplifier NE/SA5230 

DC ELECTRICAL CHARACTERISTICS Unless otherwise specified, ± 0.9V '" Vs < ± 7.5V or equivalent single supply, full 
input common-mode range, over full operating temperature range. 

NE/SA5230 
SYMBOL PARAMETER TEST CONDITIONS BIAS UNIT 

Min Typ Max 

Vas Offset voltage TA - 25°C Any 0.4 3 mV 

3 4 mW 

Vas Drift Any 2 5 /lV/oc 

los Offset current TA = 25°C High 3 50 nA 

TA = 25°C Low 3 30 nA 

High 100 nA 

Low 60 nA 

los Drift High 0.5 1.4 nAloC 

Low 0.3 1.4 nArC 

Ie Bias current TA = 25°C High 40 150 nA 

TA = 25°C Low 20 60 nA 

High 200 nA 

Low 150 nA 

Ie Drift High 2 4 nArC 

Low 2 4 nArC 

Is Supply current Vs=±0.9V, TA=25°C Low 110 160 jJ.A 

TA = 25°C High 600 750 jJ.A 

Low 250 jJ.A 

High 800 jJ.A 

Vs - ±7.5V, TA = 25°C Low 320 550 jJ.A 

TA - 25°C High 1.1 1.6 rnA 

Low 600 jJ.A 

High 1.7 rnA 

VCM Common-mode Input range Vas <6mV, TA = 25°C Any V--O.25 V+ +0.25 V 

Any V- V+ V 

CMRR Common-mode rejection ratio Rs = 10kn, VCM = ± 7.5V, Any 85 95 dB 
TA = 25°C 

Vs = ±7.5V Any 80 dB 

PSRR Power supply rejection ratio TA = 25°C High 90 105 dB 

TA - 25°C Low 85 95 dB 

High 75 dB 

Low 80 dB 

Il Load current source Vs=i7.5V Any 4 8 rnA 

sink Vs=i7.5V Any 5 9 rnA 

source Vs=iO.9V Any 1 4 rnA 

sink Vs=iO.9V Any 3 5 rnA 

T A - 25°C, source Vs=iO.9V High 4 5 rnA 

T A = 25°C, sink Vs=iO.9V High 5 11 rnA 
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DC ELECTRICAL CHARACTERISTICS (Continued) Unless otherwise specified, ± 0.9V';; Vs';; ± 7.5V or equivalent single 
supply, full input common-mode range, over full operating temperature 
range. 

NE/SA5230 
SYMBOL PARAMETER TEST CONDITIONS BIAS UNIT 

Min Typ Max 

AVOL Large-signal open-loop gain RL = 10kn, TA = 25°C High 120 200 VlmV 

RL = 10kn, TA = 25°C Low 60 150 VlmV 

High 100 VlmV 

Low 50 VlmV 

Your Output voltage swing 
Vs = to.9V, RL = 10k n 

Any 750 800 mV 
TA = 25°C, +SW 

TA = 25°C, -SW Any 750 800 mV 

+SW Any 700 mV 

-SW Any 700 mV 

Vs=±7.5V, RL=10kn Any 7.30 7.35 V 
TA = 25°C, +SW 

TA m 25°C, -SW Any 7.32 7.35 V 

+SW Any 7.25 7.30 V 

-SW Any 7.30 7.35 V 

SR Slew rate High 0.25 Vlp.s 

Low 0.09 Vlp.s 

BW Inverting unity gain bandwid1h 
RL -10kn, CL ~ 1 OOpF 

High 0.6 MHz 
TA ~ 25°C 

TA = 25°C Low 0.25 MHz 

OM Phase margin TA = 25°C Any 70 Deg. 

Is Settling time 0.1% High 2 JJ.S 

Low 5 JJ.S 

VINN Input noise Rs = on, f-1kHz High 22 nVlYHz 

Low 

NOTES: 
1. Rs-10kn, VCM-±7.5V, TA-25°C. 
2. Vs - ± 7.5V. 
3. VCM - Vs/2 for SE grade only. 
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THEORY OF OPERATION 

Input Stage 
Operational amplifiers which are able to func
tion at minimum supply voltages should have 
input and output stage swings capable of 
reaching both supply voltages within a few 
millivolts in order to achieve ease of quies
cent biasing and to have maximum input! 
output signal handling capability. The input 
stage of the NE5230 has a common-mode 
voltage range that not only includes the entire 
supply voltage range, but also allows either 
supply to be exceeded by 250mV without 
increasing the input offset voltage by more 
than 6mV. This is unequalled by any other 
operational amplifier today. 

In order to accomplish the feat of rail-to-rail 
input common-mode range, two emitter-cou
pled differential pairs are placed in parallel so 
that the common-mode voltage of one can 
reach the positive supply rail and the other 
can reach the negative supply rail. The simpli
fied schematiC of Figure t shows how the 
complementary emitter-coupler transistors 
are configured to form the basic input stage 
cell. Common-mode input signal voltages in 
the range from O.BV above Vee to Vr:;c are 
handled completely by the NPN pair, 03 and 
04, while common-mode input signal volt
ages in the range of VeE to O.BV above VEE 
are processed only by the PNP pair, Ql and 
02. The intermediate range of input voltages 
requires that both the NPN and PNP pairs are 

operating. The collector currents of the input 
transistors are summed by the current com
biner circuit composed of transistors 08 
through 011 into one output current. Transis
tor 08 is connected as a diode to ensure that 
the outputs of 02 and Q4 are properly sub
tracted from those of 01 and 03. 

The Input stage was designed to overcome 
two important problems for rail-ta-rail capabili
ty. As the common-mode voltage moves from 
the range where only the NPN pair was 
operating to where both of the input pairs 
were operating, the effective transconduc
tance would change by a factor of two. 
Frequency compensation for the ranges 
where one input pair was operating would, of 
course, not be optimal for the range where 
both pairs were operating. Secondly, fast 
changes in the common-mode voltage would 
abruptly saturate and restore the emitter 
current sources, causing transient distortion. 
These problems were overcome by assuring 
that only the input transistor pair which Is able 
to function properly is active. The NPN pair is 
normally activated by the current source IB1 
through 05 and the current mirror OB and 07, 
assuming the PNP pair is non-conducting. 
When the common-mode input voltage pas
ses below the reference voltage, VB1 = 0.8V 
at the base of 05, the emitter current is 
gradually steered toward the PNP pair, away 
from the NPN pair. The transfer of the emitter 
currents between the complementary input 
pairs occurs in a voltage range of about 

120mV around the reference voltage VB1' In 
this way the sum of the emitter currents for 
each of the NPN and PNP transistor pairs is 
kept constant; this ensures that the transcon
ductance of the parallel combination will be 
constant, since the transconductance of bipo
lar transistors is proportional to their emitter 
currents. 

An essential requirement of this kind of input 
stage is to minimize the changes in input 
offset voltage between that of the NPN and 
PNP transistor pair which occurs when the 
input common-mode voltage crosses the in
ternal reference voltage, VB1. Careful circuit 
layout with a cross-coupled quad for each 
input pair has yielded a typical input offset 
voltage of less than 0.3mV and a change in 
the input offset voltage of less than 0.1 mY. 

Output Stage 
Processing output voltage swings that nomi
nally reach to less than 100mV of either 
supply voltage can only be achieved by a pair 
of complementary common-emitter connect
ed transistors. Normally, such a configuration 
causes complex feed-forward Signal paths 
that develop by combining biasing and driving 
which can be found in previous low supply 
voltage designs. The unique output stage of 
the NE5230 separates the functions of driving 
and biasing, as shown in the simplified sche
matic of Figure 2, and has the advantage of a 
shorter signal path which leads to increasing 
the effective bandwidth. 

.----------------------4~----~----~---Ov~ 

+-----0 lOUT 

R8 R8 

~------~----~~------------------~------~------_ovu 
l.D08490S 

Figure 1. Input Stage 
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This output stage consists of two parts: the 
Darlington output transistors and the class 
AB control regulator. The output transistor 03 
connected with the Darlington transistors 04 
and 05 can source up to 10mA to an output 
load. The output of NPN Darlington connect
ed transistors 01 and 02 together are able to 
sink an output current of 10mA. Accurate and 
efficient class AB control is necessary to 
insure that none of the output transistors are 
ever completely cut off. This is acoomplished 
by the differential amplifier (formed by 08 and 
09) which oontrols the biasing of the output 
transistors. The differential amplifier com
pares the summed voltages across two di
odes, 01 and D2, at the base of 08 with the 
summed voltages across the base-emitter 
diodes of the output transistors 01 and 03. 
The base-emitter voltage of 03 is converted 
into a current by 06 and R6 and reconverted 
into a voltage across the base-emitter diode 
of 07 and R7. The summed voltage across 
the base-emitter diodes of the output transis
tors 03 and 01 is proportional to the loga
rithm of the product of the push and pull 
currents lop and ION, respectively. The com
bined voltages across diodes 01 and 02 are 
proportional to the logarithm of the square of 
the reference current 181. When the diode 
characteristics and temperatures of the pairs 
01, 01 and 03, 02 are equal, the relation 
lop x ION = 181 X 181 is satisfied. 

Separating the functions of biasing and driv
ing prevents the driving signals from beoom
ing delayed by the biasing circuit. The output 
Darlington transistors are directly accassible 
for in-phase driving signals on the bases of 
05 and 02. This is very important for simple 
high-frequency oompensation. The output 
transistors can be high-frequency oompen
sated by Miller capacitors CM1A and qM1B 
connected from the oollectors to the bases of 
the output Darlington transistors. 

A general-purpose op amp of this type must 
have enough open-loop gain for applications 
when the output is driving a low resistance 
load. The NE5230 acoomplishes this by in
serting an intermediate common-emitter 
stage between the input and output stages. 
The three stages provide a very large gain, 
but the op amp now has three natural domi
nant poles - one at the output of each com
mon-emitter stage. Frequency compensation 
is implemented w~h a simple scheme of 
nested, pole-splitting Miller integrators. The 
Miller capacitors CM1A and CM1B are the 
first part of the nested structure, and provide 
oompensation for the output and intermediate 
stages. A second pair of Miller integrators 
provide pole-splitting compensation for the 
pole from the input stage and the pole 
resulting from the compensated combination 
of poles from the intermediate and output 
stages. The result is a stable, intemally-
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compensated op amp with a phase margin of 
70 degrees. 

THERMAL CONSIDERATIONS 
When using the NE5230, the internal power 
dissipation capabilities of each package 
shoOld be conSidered. Signetics does not 
recommend operation at die temperatures 
above 11 O'C in the SO package because of 
~s inherently smaller package mass. Die 
temperatures of 150'C can be tolerated in all 
the other packages. With this in mind, the 
following equation can be used to estimate 
the die temperature: 

TJ = TA + (Po X OJA) 

Where TA ==Ambient Temperature 
TJ = Die Temperature 
Po == Power Dissipation 

= (Icc X Veel 
OJA == Package thermal resistance 

= 270'C/W for SO-8 in PC 
board mounting 

(1) 

See the packaging section for information 
regarding other methods of mounting. 

OJA = 100'C/W for the plastic DIP; 
OJA = 110'C/W for the ceramic DIP. 

The maximum supply voltage for the part is 
15V and the typical supply current is 1.1 mA 
(1.6mA max). For operation at supply volt
ages other than the maximum, see the data 

r-----~----~~----~--------~--------~------_r--ov~ 

R6 

I .. 

~------;-----~---+-----;~Q3 

v~o-~------4-------+-------~~----~ 

t-----~~----_r--~~------~--oVOYT 

v~o-~------+-------t-------r-~------t------t--~ Q2 

... 
~--------~--------~~------~-----4------------~-oVu 

Figure 2. Output Stage 
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sheet for Icc versus Vee curves. The supply 
current is somewhat proportional to tempera
ture and varies no more than 1001lA between 
2SoC and either temperature extreme. 

Operation at higher junction temperatures 
than that recommended is possible but will 
result in lower MTBF (Mean Time Between 
Failures). This should be considered before 
operating beyond recommended die temper
ature because of the overall reliability degra
dation. 

DESIGN TECHNIQUES AND 
APPLICATIONS 
The NES230 is a very user-friendly amplifier 
for an engineer to deSign into any type of 
system. The supply current adjust pin (Pin S) 
can be left open or tied through a pot or fixed 
resistor to the most negative supply (i.e., 
ground for single supply or to the negative 
supply for split supplies). The minimum supply 
current is achieved by leaving this pin open. 
In this state it will also decrease the band
width and slew rate. When tied directly to the 
most negative supply, the device has full 
bandwidth, slew rate and Icc. The program
ming of the current-control pin depends on 
the trade-offs which can be made in the 
designer's application. The graph in Figure 3 
will help by showing bandwidth versus Icc. As 
can be seen, the supply current can be varied 
anywhere over the range of 1001lA to 6001lA 
for a supply voltage of 1.8V. An external 
resistor can be inserted between the current 
control pin and the most negative supply. The 
resistor can be selected between I n to 
I OOkn to provide any required supply current 
over the indicated range. In addition, a small 
varying voltage on the bias current control pin 
could be used for such exotic things as 
changing the gain-bandwidth for voltage con
trolled low pass filters or amplitude modula
tion. Furthermore, control over the slew rate 
and the rise time of the amplifier can be 
obtained in the same manner. This control 
over the slew rate also changes the settling 
time and overshoot in pulse response appli
cations. The settling time to 0.1 % changes 
from Sps at low bias to 2ps at high bias. The 
supply current control can also be utilized for 
wave-shaping applications such as for pulse 
or triangular waveforms. The gain-bandwidth 
can be varied from between 2S0kHz at low 
bias to 600kHz at high bias current. The slew 
rate range is 0.08V1 ps at low bias and 0.2SV I 
,",S at high bias. 

The full output power bandwidth range for 
V cc equals 2V, is above 40kHz for the 
maximum bias current setting and greater 
than 10kHz at the minimum bias current 
setting. 
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If extremely low signal distortion ( < 0.05%) is 
required at low supply voltages, exclude the 
common-mode crossover point (VBt) from 
the common-mode signal range. This can be 
accomplished by proper bias selection or by 
using an inverting amplifier configuration. 

Most single supply designs necessitate that 
the inputs to the op amp be biased between 
Vee and ground. This is to assure that the 
input signal swing is within the working com
mon-mode range of the amplifier. This leads 
to another helpful and unique property of the 
NES230 that other CMOS and bipolar low 
voltage parts cannot achieve. It is the simple 
fact that the input common-mode voltage can 
go beyond either the positive or negative 
supply voltages. This benefit is made very 
clear in a non-inverting voltage-follower con
figuration. This is shown in Figure 4 where the 
input sine wave allows an undistorted output 
sine wave which will swing less than 100mV 
of either supply voltage. Many competitive 
parts will show severe clipping caused by 
input common-mode limitations. The NE5230 
in this configuration offers more freedom for 
quiescent biasing of the inputs close to the 

800 

l;: 
Ii 500 
III 

i 400 
::> 
u 300 
~ 

positive supply rail where similar op amps 
would not allow signal processing. 

There are not as many considerations when 
designing with the NE5230 as with other 
devices. Since the NE5230 is internally-com
pensated and has a unity gain-bandwidth of 
600kHz, board layout is not so stringent as for 
very high frequency devices such as the 
NE5205. The output capability of the NES230 
allows it to drive relatively high capacitive 
loads and small resistive loads. The power 
supply pins should be decoupled with a low
pass RC network as close to the supply pins 
as possible to eliminate 60Hz and other 
external power line noise, although the power 
supply rejection ratio (PSRR) for the part is 
very high. The pinout for the NE5230 is the 
same as the standard single op amp pinout 
with the exception of the bias current adjust
ing pin. 

REMOTE TRANSDUCER WITH 
CURRENT TRANSMISSION 
There are many ways to transmit information 
along two wires, but current transmission is 

v 
V t 

iil200 

I / 
/ 

100 
100 200 300 400 500 800 700 

UNITY GAIN BANOWIDTH (kHz) 

a. Unity Gain Bandwidth vs Power Supply Current for 
Vcc=±O.9V 
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b. Icc Current vs Bias Current Adjusting Resistor for Several 
Supply Voltages 

Figure 3 
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v+ 

v-
v+ 

WF1786DS 

Figure 4. In a Non-Inverting Voltage-Follower Configuration, the NE5230 will Give Full Rail-to-Rail Swing. Other Low Voltage 
Amplifiers will not aecause they are, Umlted by their Input Common-Mode Range and Output Swing Capability 

the most beneficial when the sensing of 
remote signals is the aim. It is further en
hanced in the form of 4 to 20mA information 
which is used in many control-type systems. 
This method of transmission provides immu
nity from line voltage drops, large load resis-' 
tance variations, and voltage noise pickup. 
The zero reference of 4mA not only can show 
if there is a break in the line when no current 
is flowing, but also can power the transducer 
at the remote location. Usually the transducer 
itself is not equipped to provide for tlie 
current transmission. The unique features of 
the NE5230 can provide high output current 
capability coupled with low power consump
tion. It can be remotely connected to the 
transducer to create a current loop with 
minimal external components. The circuit for 
this is shown in Figure 5. Here, the part is 
configured as a voltage-ta-current, or trans
conductance amplifier. This is a novel circuit 
that takes advantage of the NE5230's large 
open-loop gain. In AC applications, the load 
current will decrease as the open-loop gain 
rolls off in magnitude. The low offset voltage 
and current sinking capabilities of the 
NE5230 must also be considered in this 
application. 

The NE5230 circuit shown in Figure 5 is a 
pseudo transistor configuration. The inverting 
input is equivalent to the "base," the pOint 
where VEE and the non-inverting input meet is 
the "emitter," and the connection aiter the 
output diode meets the Vee pin is the collec
tor. The output diode is essential to keep the 
output from saturating in this configuration. 
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From here it can be seen that the base and 
emitter form a voltage-follower and the volt
age present at Re must equal the input 
voltage present at the inverting input. Also, 
the emitter and collector form a current
follower and the current flowing through Re is 
equivalent to the current through RL and the 
amplifier. This sets up the current loop. 
Therefore, the following equation can be 
formulated for the working current transmis
sion line. The load current is: 

(2) 

and proportional to the input voltage for a set 
Re. Also, the current is constant no matter 
what load resistance is used while within the 
operating bandwidth range of the op amp. 
When the NE5230's supply voltage falls past 
a certain Point, the current cannot remain 
constant.' This is the "voltage compliance" 
and is very good for this application because 
of the near rail output voltage. The equation 
that determines the voltage compliance as 
well as the largest possible load resistor for 
the NE5230 is as follows: 

RL max = IV remote SUpply) - Vee min 
- VIN maxlllL (3) 

Where Vee min is the worst-case power sup
ply voltage (approximately 1.8Y) that will still 
keep the part operational. As an example, 
when using a 15V remote power supply, a 
current sensing resistor of 10, and an input 
voltage (YIN) of 20mV, the output current (lL) 
is 20mA. Furthermore, a load resistance of 
zero to approximately 6500 can be inserted 
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in the loop' without any change in current 
when the bias current-control pin is tied to the 
negative supply pin. The voltage drop across 
the load and line resistance will not affect the 
NE5230 because it will operate down to 1.8V. 
With a 15V remote supply, the voltage avail
able at the amplifier is still enough to power it 
with 'the maximum 20mA output into the 
6500 load. 

What this means is that several instruments, 
such as a chart recorder, a meter, or a 
controller, as well as a long cable, can be 
connected in series on the loop and still 
obtain accurate readings if the total resis
tance does not exceed 6500. Furthermore, 
any variation of resistance in this range will 
not change the output current. 

Any voltage output type transducer can be 
used, but one thilt does not need external DC 
voltage or currentexcitation to limit the maxi
mum possible load resistance is preferable. 
Even this problem cian be surmounted if the 
supply power needed by the transducer is 
compatible with the NE5230. The power goes 
up the line to the transducer and' amplifier 
while the transducer signal is sent back via 
the current output of the NE5230 transcon
ductance configuration. The voltage range on 
the input can be changed for transducers that 
produce a large output by simply increasing 
the current sense resistor to get the corre
sponding 4 to 20mA output current. If a very 
long line is used which causes high line 
resistance, a current repeater could be insert
ed into the line. The same configuration of 
Figure 5 can be used 
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-i;UT---' 
- 0+ REMOTE 

NOTES: 
1. lOUT - VIN/AC 

VAE~1.8V-V1N max 
2. RL max ~ -===-,----""= 

lOUT 

For Ac-10 

~ ~ 
20mA 20mV 

V POWER 
- SUPPLY 

RL 

+ 

V,N 

+ 
Vee 

a. The NE5230 as a Remote Transducer Transconductance 
Amp With 4 - 20mA Current Transmission Output Capability 

b. The Same Type of Circuit as Figure Sa, but for Sourcing 
Current to the Load 

with exception of a resistor across the input 
and line ground to convert the current back to 
voltage. Again. the current sensing resistor 
will set up the transconductance and the part 
will receive power from the line. 

TEMPERATURE TRANSDUCER 
A variation on the previous circuit makes use 
of the supply current control pin. The voltage 
present at this pin is proportional to absolute 
temperature (PTA T) because it is produced 
by the amplifier bias current through an inter
nal resistor divider in a PTAT cell. If the 
control pin is connected to the input pin, the 
NE5230 itself can be used as a temperature 
transducer. If the center tap of a resistive pot 
is connected to the control pin with one side 
to ground and the other to the inverting input, 
the voltage can be changed to give different 
temperature versus output current conditions 
(see Figure 6). For additional control, the 
output current is still proportional to the input 
voltage differential divided by the current 
sense resistor. 

When using the NE5230 as a temperature 
transducer, the thermal considerations in the 
previous section must be kept in mind. 
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Figure 5 

200 ~ ____ I-_"" 

NOTES: 
1. tOUT"" VIN/RC 
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For RC-1I1 
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Figure 8. NE5230 Remote Temperature Transducer Utilizing 4 - 20mA Current 
Transmission. This Application Shows the u.e of the Acce .. lbillty of the PTAT 

Cell In the Device to Make the Part, Itself, s Transducer 
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HALF-WAVE RECTIFIER WITH 
RAIL-TO-GROUND OUTPUT 
SWING 
Since the NE5230 input common-mode range 
includes both positive and negative supply 
rails and the output can also swing to either 
supply, achieving half-wave rectifier functions 
in either direction becomes a simple task. All 
that is needed are two external resistors; 
there is no need for diodes or matched 
resistors. Moreover, it can have either posi
tive- or negative-going outputs, depending on 
the way the bias is arranged. This can be 
seen in Figure 7. Circuit (a) is biased to 
ground, while circuit (b) is biased to the 
positive supply. This rather unusual biasing 
does not cause any problems with the 
NE5230 because of the unique internal satu
ration detectors incorporated into the part to 
keep the PNP and NPN output transistors out 
of "hard" saturation. It is therefore relatively 
quick to recover from a saturated output 
condition. Furthermore, the device does not 
have parasitic current draw when the output 
is biased to either rail. This makes it possible 
to bias the NE5230 into "saturation" and 
obtain half-wave rectification with good re
covery. The simplicity of biasing and the rail
to-ground half-sine wave swing are unique to 

this device. The circuit gain can be changed 
by the standard op amp gain equations for an 
inverting configuration. 

It can be seen in these configurations that the 
op amp cannot respond to one-half of the 
incoming waveform. It cannot respond be
cause the waveform forces the amplifier to 
swing the output beyond either ground or the 
positive supply rail, depending on the biasing, 
and, also, the output cannot disengage during 
this half cycle. During the other half cycle, 
however, the amplifier achieves a half-wave 
that can have a peak equal to the total supply 
voltage. The photographs in Figure 8 show 
the effect of the different biasing schemes, as 
well as the wide bandwidth (it works over the 
full audio range), that the NE5230 can 
achieve in this configuration. 

By adding another NE5230 in an inverting 
summer configuration at the output of the 
half-wave rectifier, a full-wave can be real
ized. The values for the input and feedback 
resistors must be chosen so that each peak 
will have equal amplitudes. A table for calcu
lating values is included in Figure 9. The 
summing network combines the input signal 
at the half-wave and adds it to double the 
half-wave's output, resulting in the full-wave. 
The output waveform can be referenced to 

10 

6 

the supply or ground, depending on the half
wave configuration. Again, no diodes are 
needed to achieve the rectification. 

This circuit could be used in conjunction with 
the remote transducer to convert a received 
AC output signal into a DC level at the full
wave output for meters or chart recorders 
that need DC levels: 

CONCLUSION 
The NE5230 Is a versatile op amp in its own 
right. The part was designed to give low 
voltage and low power operation without the 
limitations of previously available amplifiers 
that had a multitude of problems. The previ
ous application examples are unique to this 
amplifier and save the user money by exclud
ing various passive components that would 
have been needed if not for the NE5230's 
special input and output stages. 

The NE5230 has a combination of novel 
specifications which allows the designer to 
implement it easily into existing low-supply 
voltage designs and to enhance their perfor
mance. It also offers the engineer the free
dom to achieve greater amplifier system de
sign goals. The low input referenced noise 
voltage eases the restrictions on deSigns 

trfrY 
I 

TC13531S 

a. Rall-to-Ground Output Swing Referenced to Ground 

>=-..... 0 VOUT 
10 

b. Negatlve-Golng Output Referenced to Vee 

Figure 7. Half-Wave Rectifier With Posltlve-Qolng Output Swings 
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where SIN ratios are important. The wide full
power bandwidth and output load handling 
capability allow it to fit into portable audio 
applications. The truly ample open-loop gain 

and low power consumption easily lend them
selves to the requirements of remote trans
ducer applications. The low, untrimmed typi
cal offset voltage and low offset currents help 

w"'" .. 
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to reduce errors in signal processing deSigns. 
The amplifier is well isolated from changes on 
the supply lines by its typical power supply 
rejection ratio of 105dB. 

500mV/DIV 200/lS/DIV 
Biased to Ground 

500mV/DIV 2Oj.I8/DIV 
Biased to Ground 

500mVlDIV 20/lS/DIV 
Bla8ed to Positive Rail 

Figure •• Performance Waveform8 for the Circuits In Figure 7. Good Re8ponae 18 Shown at 1 
and 10kHz for Both Circuits Under Full Swing With a 2V Supply 
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NOTES: 
R2""2 R1 
R4-R5=R3 
+ VB will vary output reference. 

INPUT 

HALF·WAVE 
OUTPUT 

.V,N Pv- FULL·WAVE 
• OUTPUT 

-VI: b ~ 
~R3 

o~ 2a 

-2VIN 
HALF·WAVE 

For single supply operation VEE can be grounded on A2. 
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RS 

>.:.-~o() • VB -jL __ ...Joo[ __ ....lO_ 

FULL·WAVE 

.VB VEE 

Figure 9. Adding an Inverting Summer to the Input and Output of the Half·Wave Rectifier will Result in Full·Wave 
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INTRODUCTION 
Described herein is a low-voltage, gated func
tion generator using the NE5230 and two AA 
batteries. The outputs are a square, triangular 
and sine wave. The sine wave-generating 
circuit and the square and triangular circuits 
are independent. Some ideas for refinement 
of the circuits are also presented. 

APPLICATIONS 
The use of signal sources is universal. Over 
the years, a great many practical circuits have 
been developed which have numerous desir
able features. These circuits are typified by 
high power outputs, or speed, or preCision, or 
combinations of these. They are housed in 
rugged, handsome cases and are available 
for a few hundred dollars. Most require AC 
line cords and are somewhat cumbersome to 
use. With the advent of low-voltage op amps 
such as the NE5230, it is now possible to 
design good, stable, battery-operated signal 
sources. 

SINE WAVE GENERATOR 
The circuit used is a Wien bridge sine wave 
oscillator. This circuit has been used since 
the days of vacuum tubes (see Figure 1). It is 
simple, stable and requires few components. 
The circuit utilizes both positive and negative 
feedback to achieve balanced operation. The 
oscillator will stop working if too much nega
tive feedback is used and will saturate in both 
states if too much positive feedback is used. 
In the practical implementation, some non
linear element must be employed to realize 
this stable condition. The gain of the amplifier 
must be large enough at the frequency of 
oscillation to make the input excursions small 
enough to be compensable by this non-linear 
element. Among others, diodes and FETs 
have been used to accomplish this. One of 
the most popular is the lamp; small, inexpen
sive and readily available, its voltage variable 
resistance makes it an ideal candidate for this 
application. It works like this: as the negative 
feedback voltage increases across the lamp, 
its resistance increases, and thereby reduces 
the output voltage. When the output voltage 
decreases, the amount of negative feedback 
voltage across the lamp decreases and 
thereby increases the resistance of the lamp. 
This balancing act continues until a stable 
oondition is achieved. It is important to note 
that the lamp resistance is changing due to 
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AN1511 
Low-Voltage Gated Function 
Generator: NE5230 
Application Note 

LAMP 
#385 

100 100 

510 

lose = 2:RC 

·C.\LRAD 28-410 

Figure 1. Sine Wave Generator 

the thermal effects caused by the changing 
voltage across it. The frequency of oscillation 
is determined by: 

1 
fosc= 21rRC 

VCO 
Another classic oscillator circuit uses a oom
perator and an integrator. The output of the 
oomparator is fed back to the input of the 
integrator. The output of the integrator is 
connected to the input of the comparator. 
Upon application of power, the comparator 
output goes into one state or the other. This 
comparator output voltage is fed back into 
the input of the integrator which begins ramp
ing up or down, depending on the polarity of 
the first pulse from the comparator. When the 
voltage threshold of the comparator is 
reached. the output changes state. The cycle 
then repeats. 

If an inversion in the feedback loop can be 
achieved, and external energy can be intro
duced at the right time, some interesting 
modifications of the previously described cir
cuit will result - namely, a voltage-oontrolled 
oscillator. It works as follows: the transistor 
inverts the output of the oomparator. This 
VOltage is presented to the inverting input of 
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the integrator to begin the cycle. When the 
comparator threshold is reached, the oompar
ator changes state as before. This time, 
however, because the external applied volt
age to the same inverting input is present, the 
amount of current available to the input is 
controlled by the external voltage and not by 
the feedback voltage. Once the oomponent 
values are selected, the applied voltage, V c, 
sets the frequency of oscillation because the 
current available to the integrating capacitor 
determines the charging time constant and, 
therefore, the frequency. The more positive 
the V c, the more current that is available and 
the higher the frequency of oscillation. The 
oonverse is also true with minor differences. It 
is intaresting to note here that other low
voltage amplifiers are not able to perform as 
well as the NE5230 in this circuit. One reason 
is that the NE5230 input voltage swing is able 
to exceed the rails by 250mV and still operate 
within its linear region. For a given set of 
oonditions, then, the frequency range of the 
NE5230 is wider than oonventional low-volt
age op amps. The frequency of this circuit 
can also be changed by changing the value of 
the integrating capacitor. The smaller the 
capacitor, the higher the frequency for a 
given set of oonditions. 
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Low-Voltage Gated Function Generator: NE5230 

NOTE: 
·See text. 

c 

10k 

Figure 2. Function Generator 

PERFORMANCE 
The circuit in Figure 2 is the complete low· 
voltage function generator. The measure· 
ments were taken at room temperature with 
only two AA batteries supplying the power. 
The outputs were loaded with 200n for the 
sine and triangular wave outputs and 50n for 
the square wave output. The output voltage 
for the sine wave was ± lV. The square wave 
output swung from rail to rail while the output 
voltage of the triangular wave varied with the 
input voltage, V c. This was due, of course, to 
the collector·emitter voltage requirements of 
the transistor. 

The distortion of the Wien bridge was 0.015% 
at the lowest frequency and 0.09% at the 
highest. Using the different capacitor values, 
the frequency was. varied from minimum to 
maximum using the ganged 10kn pot. The 
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frequencies could be changed from 20Hz to 
2.5kHz. It was necessary to include a 500n 
resistor in each leg of the bridge to prevent 
the complete saturation of the amplifier when 
the potentiometer was in one extreme of its 
travel: In addition, a small adjustment resistor 
was used in the negative feedback loop to 
adjust the gain and to compensate for the 
slow thermal time constant of the lamp. 

The maximum frequency obtained by the 
veo was 9.7kHz with Vc = 1.65V with ± 1.4V 
batteries. The frequency varied from 8.4kHz 
to 1.6kHz with ± 1 01cl applied with a 0.0011LF 
integrating capacitor. 

CONCLUSIONS 
Some things could have been done different
ly to improve the operation of these circuits. 
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The thermal time constant of the non-linear 
elements was an Inhibiting factor in the low
frequency operation of the Wien bridge. A 
diode or FET will work better here. Extreme 
ambient temperature will change the operat
ing point of the lamp and, therefore, the 
output amplitude. Some non-symmetrical out
put was seen when operating the veo ilt the 
lower frequencies. This is due to the influence 
of the tranSistor, as described previously. 

Rnally, the NE5230 has yet another feature: 
the bias adjust pin. This pin is intended to be 
used to control the power supply current. The 
power supply current is controlled by de
creasing the intemal bias cuirent of the op 
amp. When the bias current is decreased, the 
transconductance, gM, of the input stage is 
reduced; this, in turn, lOWers the -3dB band
width. In addition, this pin can be used to tum 
the op amp on or off. If the voltage at ihe bias 
adjust pin is moved to 50mV above the 
voltage at the Vee pin, the output becomes 
severely attenuated. The op amp, for all 
intents and purpose, is off. If, on the other 
hand, the bias adjust pin is moved to 50mV 
below the voltage at the Vee pin, the band 
width and the slew rate are increased. The 
user should exercise care when doing this. 

The NE5230 is a versatile, low-voltage op 
amp. It has been demonstrated that the 
device can be used in a variety of different 
ways. Its ability to swing within 100mV of the 
output, its input voltage which can exceed the 
power supply voltage, and its programmable 
power supply current, make it a leader of low
voltage op anips. 

REFERENCES: 

Modem Electronic CirCUit Reference Manual, 
John Markus 

Raytheon 1984 Data Manual 
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DESCRIPTION 
The 532/358/LM2904 consists of two 
independent, high gain, internally fre
quency-compensated operational ampli
fiers designed specifically to operate 
from a single power supply over a wide 
range of voltages. Operation from dual 
power supplies is also possible, and the 
low power supply current drain is inde
pendent of the magnitude of the power 
supply voltage. 

UNIQUE FEATURES 

In the linear mode the input common
mode voltage range includes ground 
and the output voltage can also swing to 
ground, even though operated from only 
a single power supply voltage. The unity 
gain cross frequency is temperature
compensated. The input bias current is 
also temperature-compensated. 

EQUIVALENT CIRCUIT 

+o-----~--~----~ 

April 24, 1987 

NE/SA/SE532/ 
LM158/258/358/2904 
Low Power Dual Operational 
Amplifiers 
Product Specification 

FEATURES 
• Internally frequency-compensated 

for unity gain 
• Large DC Yoltage gain - 100dB 
• Wide bandwidth (unity gain)-

1MHz (temperature-compensated) 
• Wide power supply range single 

supply - 3Voc to 30Voc or dual 
supplles-± 1.5Voc to ± 15Voc 

• Very low supply current drain 
(400~A) - essentially independent 
of supply Yoltage (1mW/op amp 
at +5VDC) 

• Low input biasing current-
45nAoc temperature
compensated 

• Low Input offset yoltage-
2mVoc and offset current-
5nAoc 

• Differential Input Yoltage range 
equal to the power supply 
yoltage 

• Large output Yoltage - OVoc to 
V+ 1.5VDC swing 

OUTPUT 
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PIN CONFIGURATIONS 

D, FE, N Packages 

OUTPUT A 1 

I~.::.r~ 2 7 OUTPUT. 

NON~: 3 I!;O~;:;},,",."':=NG 

'-----' 
5 :,. ":DmNG 

853·1241 88648 

I 
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Low Power Dual Operational Amplifiers 

ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

8-Pin Plastic SO o to +70·C 

8-Pin Plastic DIP o to +70·C 

8-Pin Ceramic DIP o to +70·C 

8-Pin Plastic SO -40·C to + 85·C 

8-Pin Plastic DIP -40·C to +85·C 

8-Pin Caramic DIP -40·C to + 85·C 

8-Pin Plastic SO -40·C to + 85·C 

8-Pin Plastic DIP -40·C to +85·C 

8-Pin Plastic DIP -25·C to +85·C 

8-Pin Ceramic DIP -25·C to +85·C 

8-Pin Plastic DIP -25·C to +85·C 

8-Pin Ceramic DIP -25·C to +85·C 

8-Pin Plastic SO -25·C to + 85·C 

8-Pin Plastic DIP -25·C to + 85·C 

8-Pin Ceramic DIP -25·C to + 85·C 

8-Pin Plastic DIP - 55·C to + 125·C 

8-Pin Caramic DIP -55·C to + 125·C 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Vs Supply voltage, V+ 

Differential input voltage 

VIN Input voltage 

Maximum power dissipation 
TA = 25·C (Still air)1 

Po FE package 
N package 
D package 

Output short-circuit to GND5 

V+ < 15 Voc and TA ~ 25·C 

Operating ambient temperature range 
NE532/LM358 

TA LM258 
SA532/LM2904 
SE532/LM158 

TSTG Storage temperature range 

TSOLD Lead soldering temperature (10sec max) 

NOTE: 
1. Derate above 25°e, at the fOllowing rates: 

FE package at 6.2mW loe 
N package at 9.3mwre 
D package at 6.2mwre 

April 24, 1987 

NE532D 

NE532N 

NE532FE 

SA532D 

SA532N 

SA532FE 

LM2904D 

LM2904N 

LM158N 

LM158FE 

LM258N 

LM258FE 

LM358D 

LM358N 

LM358FE 

SE532N 

SE532FE 

RATING UNIT 

320r±16 Voc 

32 Voc 

-0.3 to +32 Voc 

780 mW 
1160 mW 
780 mW 

Continuous 

o to +70 ·C 
-25 to +85 ·C 
-40 to +85 ·C 
-55 to +125 ·C 

-65 to +150 ·C 

300 ·C 
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product Specification 

NE/SA/SE532/ 
L~158/258/358/2904 



Signetlcs Linear Products 

Low Power Dual Operational Amplifiers 

Product Specification 

NE/SA/SE532/ 
L~158/258/358/2904 

DC ELECTRICAL CHARACTERISTICS T A - 25GC, V+ m + 5V, unless otherwise specified. 

SE532, LM158/258 NElSA5321LM358/2904 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Vas Otlset voltage 1 Rs=on ±2 ±5 ±2 ±7 mV 
Rs = on, over temp. ±7 ±9 mV 

Vas Drift Rs - on, over temp. 7 7 ".vrc 

los Offset current IIN(+)-IINH ±S ±SO ±5 ±50 nA 
Over temp. ±100 ±150 nA 

los Drift Over temp. 10 10 pArc 

lelAs Input current! IIN(+) or IINH 45 150 45 250 nA 
Over temp., IIN(+) or IINH 40 soo 40 500 nA 

Ie Drift Over temp. 50 50 pA/GC 

VCM Common-mode voltage V+ -SOY 0 V+ -1.5 0 V+-l.5 V 
range3 Over temp., V+ = SOV 0 V+ -2.0 0 V+ -2.0 V 

CMRR 
Common-mode rejection 

V+ -SOY 70 85 65 70 dB 
ratio 

VOH Output voltage swing 
RL ;;;> 20kn, V+ = SOY, 

26 26 V 
over temp. 

RL ;;;>10kn, V+ = SOY, 
27 28 27 28 V 

over temp. 

VOL Output voltage swing RL;;;>10kn, over temp. 5 20 5 20 mV 

RL = 00, V+ = SOV 
0.5 1.0 0.5 1.0 rnA 

Icc Supply current RL = 00 on all amplifiers, 
0.6 1.2 0.6 1.2 rnA 

over temp., V+ = sov 

RL;;;>2kn, VOUT ±10V, 

AVOL Large-signal voltage gain 
V+ = 15V 50 100 25 100 V/mV 

(for large Va swing) 25 15 V/mV 
over temp. 

PSRR 
Supply voltage rejection 

Rs=On 65 100 65 100 dB 
ratio 

Amplifier-to-amplifier f = 1 kHz to 20kHz 
-120 -120 dB 

coupling4 (input referred) 

lOUT 
Output current VIN+ - + Wec, VIN- = OVoe, 20 40 20 40 rnA 

Source V+ = 15Voe 
VIN+ = + 1 Vec, VIN- = OVec, 10 20 10 20 rnA 

V+ = 15Voe, over temp. 

Sink VIN- = + Woe, VIN+ = OVec, 10 20 10 20 rnA 
V+ -15Voe 

VIN- - + Woe, VIN+ - OVoe, 5 8 5 8 rnA 
V+ = 15Voe, over temp. 

VIN+ = OV, VIN- = + 1 Voe, 12 50 12 50 IJA Vo=200mV 
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Low Power Dual Operational Amplifiers 

Product Specification 

NE/SA/SE532/ 
L~158/258/358/2904 

DC ELECTRICAL CHARACTERISTICS (Continued) TA e 25°C, V+ = + 5V, unless otherwise specified. 

SE532, LM158/258 NE/SA532/LM358/2904 
SYMBOL PARAMETER TEST CONDmONS UNIT 

Min Typ Max Min Typ Max 

Isc Short circuit currents 40 60 40 60 rnA 

Differential input voltageS V+ V+ V 

GBW Unity gain bandwidth TA - 25°C 1 1 MHz 

SR Slew rate TA = 25°C 0.3 0.3 VIlAS 

VNOISE Input noise voltage TA-25°C, f-1kHz 40 40 nVlv'Hz 

NOTES: 
1. Vo '" 1.4V, Rs = on with V+ from 5V to 30V; and over the full input common-mode range (OV to V+ -1.5V). 
2. The direction of the Input current is out of the Ie due to the PNP input stage. This current Is essentially constant. Independent of the state of the output so no 

loading change exists on the input lines. 
3. The input ccmmon-mode voltage or eRher input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode 

voltage range is V+ -1.5V, but either or both inputs can go to +32V wHhout damage. 
4. Due to proximity of external ccmponents, insure thet coupling Is not originating via stray capacHanos between these external parts. This typically can be detected 

as this type of capacitance coupling increases at higher frequencies. 
5. Short-circuits from the output to V+ can cause excessive heating and eventual destruction. The maximum output current is approximately 40mA Independent of 

the magnitude of V+. At values of supply voltage In excess of + 15Voc. ccntinuous short-circuHs can excaed the power dissipation ratings and cause eventual 
destruction. 

6. The Input ccmmon-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the ccmmon-mode 
voltage range is V+ -1.5V, but eHher or both inputs can go to + 32Voc wHhout damage. 
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Low Power Dual Operational Amplifiers 

TYPICAL PERFORMANCE CHARACTERISTICS 
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Low Power Dual Operational Amplifiers 

TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 
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DESCRIPTION 
The NE/SE5535 is a new generation 
operational amplifier featuring high slew 
rates combined with improved input 
characteristics. The 5535 is a dual con
figuration. Internally compensated for 
unity gain, the SE5535 features a guar
anteed unity gain slew rate of 10V/p.s 
with 2mV maximum offset voltage. In
dustry standard pinout and internal com
pensation allow the user to upgrade 
system performance by directly replac
ing general purpose amplifiers, such as 
747 and 1558. 

NEjSE5535 
Dual High Slew Rate Op Amp 
Product Specification 

FEATURES 
• 15V I JJ.S unity gain slew rate 
• Internal frequency compensation 
• Low Input offset voltage - 2mV 
• Low Input bias current 80nA max 
• Short-circuit protected 
• Large common-mode and 

differential voltage ranges 

5535 
• Pin compatibility ---

747,1558 

• Dual configuration 
• Low nOise current O.15pA/VHz 

typo 

PIN CONFIGURATION 

N Package 

OUTPUT'~8 v-
IN~~:~I:~ 2 _ ~ • _ 7 OUTPUT B 

NONINVEATING J 6 INVERTING 
INPUT ,. INPUT 8 

y _ 4 5 ~~":RTING 

TOP VIEW 

F Package 

INV..,---->' ........ " 
INPUT A 
NON~NV 
INPUrA 
OFFSEI' 
NULLA 

OFFSEI' 
NULLB 

NON~NV 
INPUTS 

1 OUTPUT A 

INV OFFSET 
INPUTS -'~:;;... __ r- NULLS 

lOP VIEW 

EQUIVALENT SCHEMATIC (One Amplifier) 

~-~ ....... ",,"-o OUTPUT 

y-
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Dual High Slew Rate Op Amp NE/SE5535 

ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

8-Pin Plastic DIP o to +70'C NE5535N 

8-Pin Plastic DIP -55'C to +125'C SE5535N 

14-Pin Cerdip o to +70'C NE5535F 

14-Pin Cerdip -55 to + 125'C SE5535F 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER SE5535 NE5535 

Vs Supply voltage ±22 ±18 

Po Internal power dissipation 1 

N package 500 500 
F package 1000 1000 

VIN Differential input voltage t30 t30 

VIN Input voltage2 ±15 ±15 

TA Operating temperature range -55 to +125 o to +70 

TSTG Storage temperature range -65 to +150 -65 to +150 

TSOLO Lead soldering temperature (10see max) 300 300 

Isc Output short-circuit3 Indefinite Indefinite 

NOTES: 
I. Raling applies for thermal resistances junction to ambient of lOO'CIW and IIO'CIW for Nand F packages, respectively. Maximum junction 

temperature is 150°C. 
2. For supply voltages less than ± ISV, the absolute maximum input voltage is equal to the supply voltage. 
S. Short-circuit may be to ground or either supply. Rating applies to 12S'C case temperature or 7S'C ambient temperature. 
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UNIT 

V 

mW 
mW 

V 

V 

'C 

'C 

'C 
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Dual High Slew Rate Op Amp 

DC ELECTRICAL CHARACTERISTICS TA = 25°C. Vs = ±15V. unless otherwise specified.· 

SYMBOL PARAMETER 

Vos Input offset voltage 

avos Input offset voltage drift 

los Input offset current 

alos Input offset current 

Is Input current 

als Input current 

VCM Common-mode voltage range 

CMRR Common-mode rejection ratio 

PSRR Power supply rejection ratio 

RIN Input resistance 

AVOL Large-signal voltage gain 

VOUT Output voltage 

Icc Supply current 

Po Power dissipation 

Isc Output short-circuit current 

ROUT Output resistance 

NOTE: 
* Temperature range: 

SE types -SS·C";TA";12S·C 
NE types O·C"; T A"; 70·C 

SE5535 
TEST CONDITIONS 

Min Typ 

Rs":10kn 
0.7 

Rs": 1 Okn. over temp. 

Rs = on. over temp. 4.0 

Over temp. 5 

Over temp. 25 

Over temp. 45 

Over temp. 50 

±12 ±13 

Rs": 1 Okn. over temp. 70 90 

Rs": 1 Okn. over temp. 30 

3 10 

RL;;;' 2kn. VOUT = ± 10V 
50 

RL = 2kn. VOUT = ± 10V. 
25 

500 
over temp. 

RL ;;;. 2kn. over temp. ±10 ±13 
RL ;;;'10kn. over temp. ±12 ±14 

Per amplifier 1.8 
Per amplifier. over temp. 2 

Per amplifier 54 
Per amplifier. over temp. 80 

10 25 

100 

AC ELECTRICAL CHARACTERISTICS T A = 25°C. unless otherwise specified. 

SE5535 
SYMBOL PARAMETER TEST CONDITIONS 

Min Typ 

BW Gain/bandwidth product 1 

Transient response 
tR Small-signal rise time 0.25 

Small-signal overshoot 6 

Is Settling time To 0.1% 3 

SR Slew rate 
RL ;;;'10kn. unity gain. non-

10 15 
inverting 

Input noise voltage f=lkHz. TA = 25°C 30 
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Max 

4.0 
5.0 

20 
40 

80 
200 

150 

2.8 
3.3 

84 
99 

50 

Max 

Product Specification 

NEjSE5535 

NE5535 
UNIT 

Min Typ Max 

2.0 
6.0 mV 
7.0 mV 

6.0 /lVloC 

15 
40 nA 
80 nA 

40 pArc 

65 
150 nA 
200 nA 

80 pArc 

±12 ±13 V 

70 90 dB I 
30 150 /lVIV 

1 6 Mn 

50 VlmV 
25 

500 
V/mV 

±10 ±13 V 
±12 ±14 V 

1.8 
2.8 

mA 
2 mA 

54 
84 

mW 
60 mW 

10 25 50 mA 

100 0. 

NE5535 
UNIT 

Min Typ Max 

1 MHz 

0.25 IJS 
6 % 
3 /lS 

10 15 V//lS 

30 nVlYHz 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 
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VOLTAGE WAVEFORMS 

IN~T ~:I 
-,ov~ \\..--
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.'" 
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- -t - - - r- - - - - 10mV 
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Settling Time Measurement 

\'-----
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SLEW RATE 
V(-ITOV( I 

(MEASUREMENT 
PERIOD) 

Slew Rate Measurement 
....... 

""-Small-81gnal Transient Response 
DefInitions 

November 6, 1966 
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O.T/If 
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I OUTPUT 
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D.T/fF Rl rl 15v1 
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":" 
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TOI""" 
NOTES. 
1. Pins not shown are not connected. 
2. All resistor values are typical and in ohms. 
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Dual High Slew Rate Op Amp NE/SE5535 

INTRODUCTION 
The NE5535 is a new generation monolithic 
op amp which features improved input char
acteristics. The device is compensated to 
unity gain and has a minimum guaranteed 
unity gain slew rate of 1 OV j.lS. This is 
achieved by employing a clamped super beta 
input stage which has lower input bias cur
rent. 

TC101120S 

NOTE: 
All resistor values are In ohms. 

Figure 1_ Capacitance Multiplier 

APPLICATIONS 
These improved parameters can be put to 
good use in applications such as sample and 
hold circuits which require low input current 
and in voltage-follower circuits which require 
high slew rates. The circuit that follows will 
yield maximum small-Signal transient re
sponse and slew rate for the NE5535 at unity 
gain. 

It is always good practice in designing a 
system to use dual tracking regulators to 
power the dual-supply op amps. This will 

c, 

TO''''''' 
Figure 2. Virtual Inductor 

November 6, 1966 

,..-_____ .--__ --<>+v 

R, 

'OK 

'OK 5.1K 'K 

2N697 

RI 

~ _______ ~-~-v 

TO' ..... 
NOTE: 
All resistor values are in ohms. 

Figure 3_ Power Booster 

guarantee the positive and negative supply 
voltage will be equal during power-up. With 
the NE5535, it is possible to degrade the 
input circuit characteristics by not applying 
the power supplies simultaneously. The 
NE5535 is capable of directly replacing the 
j.iA741 with higher input resistance which will 
improve such designs as active filters, sample 
and hold, as well as voltage-followers. 

The NE5535 can be used either with Single or 
split power supplies. 

Capacitance Multiplier 
The circuit in Figure 1 can be used to simulate 
large capacitances using small value compo
nents. With the values shown and C = 10j.lF, 
an effective capacitance of 10,OOOj.iF was 
obtained. The Q available is limited by the 
effective series resistance. So R 1 should be 
as large as practical. 

Simulated Inductor 
With a constant current excitation, the volt
age dropped across an inductance increases 
with frequency. Thus, an active device whose 
output increases with frequency can be char
acterized as an inductance. The circuH of 
Figure 2 yields such a response with the 
effective inductance being equal to: 
L-R,RlP 

The Q of this Inductance depends upon R, 
being equal to R2' At the same time, however, 
the positive and negative feedback paths of 
the amplifier are equal leading to the distinct 

4·135 

possibility of instability at high frequencies. R, 
should therefore always be slightly smaller 
than R2 to assure stable operation. 

Power Amplifier 
For most applications, the available power 
from op amps is sufficient. There are times 
when more power handling capability is nec
essary. A simple power booster capable of 
driving moderate loads is offered in Figure 3. 

The circuit as shown uses an NE5535 device. 
Other amplifiers may be substituted only if R, 
values are changed because of the Icc cur
rent required by the amplifier. R, should be 
calculated from the expression 

600mV 
R,=-

Icc 

TO''''''' 
Figure 4. Voltage-to-Current Converter 

I 
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Dual High Slew Rate Op Amp 

NOTES: 

~-~ 
R1 R3 

VIM"Ri 

IOUT- Re"R1 

NOTE: 

o.C. 

R4 

R3 

Rl 

Figure 5. Voltage-to-Current Converter 

...-----0 - IV CLAMP -0.61; -2.4 V 

'---+--0' IV CLAMP -0.61 • '2.4 V 

>----oVOUT 

Te, ..... 
Figure 6. AcUve Clamp-Limiting Amplifier 

10K 

10K 10K 

Te''''''' 
All _ valu .. are In ohmo. 

Figure 7. Abaolute Value Amplifier 
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VOltage-to-Current Converters 
A simple voltage·to·current converter is 
shown In Figure 4. The current out is lOUT ~ 
VIN/R. For negative currents, a PNP can be 
used and, for better accliracy, a Darlington 
pair can be substituted for the transistor. With 
careful design, this circuit can be used to 
control currents of many amps. Unity gain 
compensation is necessary. 

The circuit in Figure 5 has a different input 
and will produce either polarity of output 
current. The main disadvantages are the error 
current flowing in R2 and the limited current 
available. 

Active Clamp-limiting Amplifier 
The mod~ied inverting amplifier in Figure 6 
uses an active clamp to limit the output swing 
with precision. Allowance must be made for 
the VSE of the transistors. The swing is limited 
by the base·emitter breakdown of the transis
tors. A simple circuit uses two back·to·back 
zener diodes across the feedback resistor, 
but tends to give less precise limiting and 
cannot be easily controlled. 

Absolute Value Amplifier 
The circuit In Figure 7 generates a positive 
output voltage for. either polarity of input. For 
positive signals, It acts as a noninverting 
amplifier and for negative signals, as an 
inverting amplifier. The accuracy is poor for 
input voltages under lV, but for less stringent 
applications, it can be effective. 

Half-Wave Rectifier 
Figure 8 provides a circuit for accurate half· 
wave rectification of the incoming signal. For 
positive signals, the gain is 0; for negative 
signals, the gain is -1. By reversing both 
diodes, the polarity can be inverted. This 
circuit provides an accurate output, but the 
output impedance differs for the two input 
polarities and buffering may be needed. The 
output must slew through two diode drops 
when the Input polarity reverses. The NE5535 
device will work up to 10kHz with less than 
5% distortion. 
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10k 10k 

5.1k 

NOTE: 
All resistor values are in ohms. 

Figure 8. Half-Wave Rectifier 

10k 

10k 

10k 

10k 

Figure 9. Precision Full-Wave Rectifier 

AI ........ _ .... 81'11 In DhmI. 
IV 

IV 

NOTE: 
All resistor values are in ohms. 

Figure 10. Two-Phase Sine Wave Oscillator 
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Precision Full-Wave Rectifier 
The circuit in Figure 9 provides accurate full
wave rectification. The output impedance is 
low for both input polarities, and the errors 
are small at all signal levels. Note that the 
output will not sink heavy currents, except a 
small amount through the 10kS1 resistors. 
Therefore, the load applied should be refer
enced to ground or a negative voltage. Rever
sal of all diode polarities will reverse the 
polarity of the output. Since the outputs of the 
amplifiers must slew through two diode drops 
when the input polarity changes, 741 type 
devices give 5% distortion at about 300Hz. 

Two-Phase Sine Wave Oscillator 
The circuit (refer to Figure 10) uses a 2-pole 
pass Butterworth, followed by a phase-shift
ing single-pole stage, fed back through a 
voltage limiter to achieve sine and cosine 
outputs. The values shown using the IIA 7 41 
amplifiers give about 1.5% distortion at the 
sine output and about 3% distortion at the 
cosine output. By careful trimming of CG andl 
or the limiting network, better distortion fig
ures are possible. The component values 
shown give a frequency of oscillation of about 
2kHz. The values can be readily selected for 
other frequencies. The NE5535 should be 
used at higher frequencies to reduce distor
tion due to slew limiting. 

I 
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DESCRIPTION 
The TCA520 is a bipolar integrated oper
ational amplifier primarily intended for 
low-power, low-voltage applications and 
as a comparator in digital systems. 

CIRCUIT DIAGRAM 

+ 0-"'---11:.. 

TCA52 0 
Operational Amplifier 
Product SpecIfIcation 

FEATURES PIN CONFIGURATION 
• Wide supply voltage range 
• Low supply voltage operation 
• Low power consumption 
• Low Input bias current 
• Offset compensation facility 
• Frequency compensation facility 
• High slew rate 

Nand 0 Packages 

BALANCE 08 BALANCE 
INY INPUT 2 7 Y+ 

NON~NV INPUT 8 OUTPUT 

Y- 4 6 ~'ifl. 

lOP VIEW 
• Large output voltage swing 
• TTL compatible output 

APPLICATIONS 
• Integrator 
• Dlfferentlator / 
• Summing amplifier 

Vee 

8 

TR3~---r--lr-----r---r-;--r---~ 

R1 HZ R3 R4 R6 
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Operational Amplifier TCA52 0 

ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

8-Pin Plastic DIP (SOT-97A) -25°C to +85°C TCA520BN 

8-Pin Plastic SO (SOT-96A) -25°C to +85°C TCA520TD 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Vee Supply voltage, DC 22 V 

VI Input voltage VCC V 
-VI 0 V 

±VIO Differential input voltage 7 V 

PTOT Power dissipation at T A = 85°C 200 mW 

TSTG Storage temperature range -65 to +150 °C 

TA Operating ambient temperature range -25 to +85 °C I 
DC ELECTRICAL CHARACTERISTICS VCC = 5V; v- = OV; T A = 25°C; RL from Q to Vee, unless otherwise specified. 

LIMITS 
SYMBOL PARAMETER UNIT 

Min Typ Max 

Supply Vee (Pin 7) 

Icc Supply current, unloaded 0.5 0.8 1.2 rnA 

Inputs 1+ and 1-; Pins 3 and 2 

VI Input voltage 0.9 Vee- 0.5 V 

ISlAS Input bias current 60 250 nA 

VIO Input offset voltage 1 6 mV 

e.VIO Variation with temperature 5 p.V/K 

110 Input offset current 10 75 nA 

CMRR Common-mode rejection ratio 70 100 dB 

VN(RMS) Input noise voltage at f = 1 kHz 15 nV/YHz 

IN(RMS) Input noise current at f = 1 kHz 0.4 pA/YHz 

Output Q (Pin 6) 

Va Output voltage range at RL = 5kn 0.1 Vee- O.l V 

Output current 
-IOH HIGH at Va = VCc-O.4V 100 200 p.A 
10L LOW at Va = O.4V 6 12 rnA 

Avo 
DC voltage amplification 

at RL = 5kn 10000 15000 

Ayo 
AC voltage amplification 

at f = 1kHz; CFC = 100pF 58 dB 

Slew rate (average rate of change of 
the output voltage) at RL = 1 kn 

SYOAY CFC= OpF 25 V/p.s 
SYOAY CFC= 100pF 500 mV/p.s 

November 14, 1986 4-139 
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Figure 3. Typical Frequency Response 
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Closed-Loop Gains 
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INPUTS { Q r-...... -o OUll'UT 
1+ 

OF! 0F2 

8 

Sk 

Figure 8. Typical Arrangement of the TCA520 With Frequency 
and Offeat Compenaatlon 
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= 0 .. ·;...._-0 OUTPUT 

OF! 0F2 

Figure 9. Typical Application of the TCA520 88 a Comparator 
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Signetics J.LA741 j 1lA741CjSA741C 
General Purpose Operational 
Amplifier 

Linear Products 

DESCRIPTION 
The /lA741 is a high performance opera
tional amplifier with high open-loop gain, 
internal compensation, high common 
mode range and exceptional tempera
ture stability. The /lA741 is short-circuit
protected and allows for nulling of offset 
voltage. 

ORDERING INFORMATION 

Product Specification 

FEATURES 
• Internal frequency compensation 
• Short circuit protection 
• Excellent temperature stability 
• High Input voltage range 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

8-Pin Plastic DIP -55·C to + 125·C /lA741N 

8-Pin Plastic DIP o to +70·C 1lA741CN 

8-Pin Plastic DIP -40·C to + 85·C SA741CN 

8-Pin Cerdip -55·C to + 125·C /lA741F 

8-Pin Cerdip o to +70·C /lA741CF 

8-Pin SO o to +70·C /lA741 CD 

EQUIVALENT SCHEMATIC 

rr------~---.----~----------~~7V· 

NON·INVERTING 
INPUT 

OFFSE'T NULL 
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-0 OUTPUT 

",. 
501.! 

PIN CONFIGURATION 

D, F, N Packages 

OFFSETNULL~' Ne 

INVERTING 2 - , v + 
INPUT 

NON·INVERTING .t I OUTPUT 
INPUT + 

v- • • OFFSET 
NULL 

TOP VIEW 
C010181S 
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General Purpose Operational Amplifier 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Vs Supply voltage 
jU\741C ±lB V 
jU\741 ±22 V 

Po Internal power dissipation 
D package 500 mW 
N package 1000 mW 
F package 1000 mW 

VIN Differential input voltage ±30 V 

VIN Input voltage 1 ±15 V 

Isc Output short-circuit duration Continuous 

TA Operating temperature range 
jU\741C o to +70 ·C 
SA741C -40 to +B5 ·C 
jU\741 -55 to +125 ·C 

TSTG Storage temperature range -65 to +150 ·C 

TSOLD Lead soldering temperature (10sec max) 300 ·C 

NOTE: 
1. For supply voltages less \han ± 15V, the absolute maximum input Yoltage is equal to \he supply 

Yoltage. 

Product Specification 

~741/~741C/SA741C 

DC ELECTRICAL CHARACTERISTICS (jU\741, jU\741C) TA = 25·C, Vs = ±15V, unless otherwise specified. 

pA741 jU\741C 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Vas Offset voltage As=10kO 1.0 5.0 2.0 6.0 mV 
As - 10ko, over temp. 1.0 6.0 7.5 mV 

t!.Vas1t!.T 10 10 p'vrc 

los Offset current 20 200 20 200 nA 
Over temp. 300 nA 

TA - + 125·C 7.0 200 nA 
TA=-55·C 20 500 nA 

t!.loslt!.T 200 200 pAloC 

ISlAS Input bias current BO 500 BO 500 nA 
Over temp. BOO nA 

TA - + 125°C 30 500 nA 
TA = -55°C 300 1500 nA 

t!.ls/t!.T 1 1 nArC 

VOUT Output voltage swing 
AL-l0kO ±12 ±14 ±12 ±14 V 

AL = 2kO, over temp. ±10 ±13 ±10 ±13 V 

AL-2kO, Vo=±10V 50 200 20 200 V/mV 
AVOL Large-signal voltage gain AL = 2kO, Vo = ± 10V, 

over temp. 25 15 VlmV 

Offset voltage adjustment range ±30 ±30 mV 

PSAA Supply voltage rejection ratio 
As<:10kO 10 150 10 150 jJ.VIV 

As <: 10kO, over temp. p.VIV 

CMAA Common-mode rejection ratio 
Over temp. 70 90 dB 

dB 

TA-+125·C 1.4 2.8 rnA 
Icc Supply current TA--55°C 1.5 2.5 1.4 2.B mA 

2.0 3.3 mA 
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General Purpose Operational Amplifier MA741/MA741C/SA741C 

DC ELECTRICAL CHARACTERISTICS (Continued) (1IA741 , 1lA741C) TA-25°C, Vs·±15V, unless otherWise specified. 

1lA741 1lA741C 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

VIN Input voltage range (j.IA741 , OVEIr temp.) ±12 ±13 ±12 ±13 V 
RIN Input resistance 0.3 2.0 0.3 2.0 Mn 

50 80 mW 
Po Power consumption TA=+125°C 45 75 50 85 mW 

TA=-55°C 45 100 mW 

ROUT Output resistance 75 75 n 

Isc Output short·circuit current 10 25 60 10 25 60 mA 

DC ELECTRICAL CHARACTERISTICS (SA741C) TA = 25°e, Vs = ±15V, unless otherwise specHied. 

SA741C 
SYMBOL PARAMETER teST CONDITIONS UNIT 

Min Typ Max 

Vos Rs· 10kn 2.0 8.0 mV 
Offset voltage Rs - 10kn, over temp. 7.5 mV 

AVos/AT 10 p'Vloe 

los 20 200 nA 
Offset current Over temp. 500 nA 

Alos/AT 200 pAloe 

IBIAS 80 500 nA 
Input bias current Over temp. 1500 nA 

AlB/AT 1 nAloe 

VOUT Output voltage swing 
RL-l0kn ±12 ±14 V 

RL - 2kn, over temp. ±10 ±13 ~ 

AVOL Large-signal voltage gain 
RL = 2kn, Vo· ± 10V 20 200 VlmV 

RL = 2kO, Vo = ± 10V, over temp. 15 V/mV 

Offset voltage adjustment range ±30 mV 

PSRR Supply voltage rejection ratio Rs';;;10kn 10 150 p.VIV 

VIN Input voltage range (1IA741 , over temp.) ±12 ±13 V 

RIN Input resistance 0.3 2.0 Mn 

Pd Power consumption 50 85 mW 

ROUT Output resistance 75 n 

Isc Output short-circuit current 25 rnA 

AC ELECTRICAL CHARACTERISTICS T A - 25°e, Vs - ±15V, unless otherwise specified. 

1lA741, 1lA741C 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

CIN Parallel input capacitance Open-loop, f - 20Hz 1.4 pF 

Unity gain crossover frequency Open-loop 1.0 MHz 

Transient response unity gain VIN - 20mV, RL = 2kn, CL';;; 100pF 
tR Rise time 0.3 p.s 

Overshoot 5.0 % 
SR Slew rate C';;; 100pF, RL;;' 2kn, VIN - ± 10V 0.5 Vlp.s 
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General Purpose Operational Amplifier 

TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 
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Signetics 

Linear Products 

DESCRIPTION 
The 747 is a pair of high-performance 
monolithic operational amplifiers con
structed on a single silicon chip. High 
common-mode voltage range and ab
sence of "latch-up" make the 747 ideal 
for use as a voltage-follower. The high 
gain and wide range of operating voltage 
provides superior performance in inte
grator, summing amplifier, and general 
feedback applications. The 747 is short
circuit protected and requires no exter
nal components for frequency compen
sation. The internal 6dS/octave roll-off 
insures stability in closed-loop applica
tions. For single amplifier performance, 
see !lA 7 41 data sheet. 

EQUIVALENT SCHEMATIC 

MA747j747CjSA747C 
Dual Operational Amplifier 
Product Specification 

FEATURES 
• No frequency compensation 

required 

• Short-circuit protection 
• Offset voltage null capability 
• Large common-mode and 

differential voltage ranges 

• Low power consumption 
• No latch-up 

INVERTING INPUT 

PIN CONFIGURATION 

D, F, N Packages 

INV.IWPur .. 1 

NON-INVERTING 1I 
INPUT .. 

OffSET NULL A 3 

OfFSET NULL 8 $ 

NON -INVERTING 
INPUT I 

'NYIRTIHG 
INPUTS 

14 OF,seT NULL A 

11 NOCONNICT 

~--------~-+--~----------~------~v' 
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1k!! 

R3 R2 
SOkl! lk!! 

", 
Ski! 

OFFSET NULL 

"" SOk!! R
" 

SO!! 
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Signetics Linear Products Product Specification 

Dual Operational Amplifier MA747/747C/SA747C 

ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

14-Pin Plastic DIP -55°C to + 125°C /lA747N 

14-Pin Plastic DIP o to +70°C /lA747CN 

14-Pin Plastic DIP -45°C to + 85°C SA747CN 

14-Pin Cerdip -55°C to + 125°C /lA747F 

14-Pin Cerdip o to +70°C /lA747CF 

14-Pin SO o to +70°C /lA747CD 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Vs Supply voltage 
1J.A747 ±22 V 
1J.A747C ±18 V 
SA747C ±18 V I 

Po Internal power dissipation 
D Package 700 mW 
N, F Packages 900 mW 

VIN Differential input voltage ±30 V 

VIN Input voltage ±15 V 

Voltage between offset null and V- ±0.5 V 

TSTG Storage temperature range -65 to +150 °C 

TA Operating temperature range 
/lA747 -55 to +125 °C 
/lA747C o to +70 °C 
SA747C -40 to +85 °C 

TSOLO Lead temperature 
(soldering, 10sec) 300 °C 

Isc Output short-circuit duration Indefinite 
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Dual Operational Amplifier MA747/747C/SA747C 

DC ELECTRICAL CHARACTERISTICS (pA747, p.747C) TA = 25°C, Vee = ±15V unless otherwise specHied. 

pA747 pA747C 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Vos Offset voltage Rs"10kn 2.0 5.0 2.0 6.0 mV 
Rs "10kn, over temp. 3.0 6.0 3.0 7.5 mV 

I1Vos/l1T 10 10 p'vrc 

los Offset current 20 200 20 200 nA 
TA = + 125°C 7.0 200 nA 
TA--55°C 85 500 nA 

Over temperature 7.0 300 nA 
I110s/l1T 200 200 pArc 

IBIAS Input current 80 500 80 500 nA 
TA - + 125°C 30 500 nA 
TA=-55°C 300 1500 nA 

Over temperature 30 800 nA 
I1IB/I1T 1 1 nAloC 

VOUT Output voltage swing 
RL ~ 2kn, over temp. ±10 ±13 ±10 ±13 V 

RL ~ 10kn, over temp. ±12 ±14 ±12 ±14 V 

1.7 2.8 1.7 2.8 mA 
lee Supply current TA = + 125°C 1.5 2.5 m 

each side TA =-55°C 2.0 3.3 mA 
Over temperature 2.0 3.3 mA 

50 85 50 85 mW 
Pd Power consumption TA - + 125°C '- 45 75 mW 

TA =-55°C 60 100 mW 
Over temperature 60 100 mW 

CIN Input capacitance 1.4 1.4 pF 

Offset voltage adjustment range ±15 ±15 V 

ROUT Output resistance 75 75 n 

Channel separation 120 120 dB 

PSRR Supply voltage rejection ratio Rs "10kn, over temp. 30 150 30 150 p.VIV 

AVOL Large-signal voltage gain (DC) 
RL~2kn, VOUT=±10V 50,000 25,000 VIV 

Over temperature 25,000 15,000 VIV 

CMRR Common-mode rejection ratio Rs "10kn, VCM - ± 12V 70 70 dB 
Over temperature 
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Dual Operational Amplifier MA747j747CjSA747C 

DC ELECTRICAL CHARACTERISTICS (SA747C) TA = 25°C, Vs = ±15V unless otherwise specified. 

SA747C 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Vosl1Vosl Rs = 10n 
2.0 

6.0 
I1T 

Offset voltage 
R ..: 10kn, over temperature 

3.0 7.5 
mVln 

10 

10sl11os1 
2.0 

6.0 
mV 

Offset current Rs= 10n 3.0 mV 
I1T 

10 
7.5 

p'crc 

IBIASI1IBI 500 
nA 

Input bias current Over temperature 1 nA 
I1T 1500 

pArc 

VOUT Output voltage swing 
RL ;;. 2kn, over temperature ±10 ±13 

RL;;' 10kn, over temperatura ±12 ±14 

Icc Supply currant Over temperature 
1.7 2.8 mA 
2.0 3.3 mA I 

Pd Power consumption Over temperature 
50 85 mW 
60 100 mW 

CIN Input capacitance 1.4 pF 

Offset voltage adjustment range ±15 V 

ROUT Output resistance 75 n 

Channel separation 120 dB 

PSRR Supply voltage rejection ratio Rs ..: 10kn, over temperature 30 150 p.VN 

AVOL Large signal voltage gain (DC) RL;;'2kn, VOUT=±10V 25,000 VN 

CMRR Common-mode rejection ratio 
Rs":10kn, VCM=±12V 

70 dB 
Over temperature 

Isc Output short-circuit current 10 25 60 mA 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ±15V unless otherwise specified. 

p.A7471p.A747CI 

SYMBOL PARAMETER TEST CONDITIONS SA747C UNIT 

Min Typ Max 

Transient response VIN = 20mV, Rl = 2kn, Cl < 100pF 
tR Rise time Unity gain CL ..: 100pF 0.3 p.s 

Overshoot Unity gain CL": 100pF 5.0 % 

SR Slew rate RL> 2kn 0.5 V/p.s 
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Dual Operational Amplifier 

TYPICAL PERFORMANCE CHARACTERISTICS 
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Signetics Linear Products 

Dual Operational Amplifier 

TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 
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Function of Ambient Temperature 
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Dual Operational Amplifier 

TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 
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Signetics NE/SA5204 
Wide-band High-Frequency 
Amplifier 

Linear Products 

DESCRIPTION 

The NE/SA5204 is a high-frequency 
amplifier with a fixed insertion gain of 
20dB. The gain is flat to ± O.SdB from DC 
to 200M Hz. The -3dB bandwidth is 
greater than 3S0MHz. This performance 
makes the amplifier ideal for cable TV 
applications. The NE/SA5204 operates 
with a single supply of 6V, and only 
draws 2SmA of supply current, which is 
much less than comparable hybrid parts. 
The noise figure is 4.8dB in a 7SD. 
system and 6dB in a SOD. system. 

The NE/SAS204 is a relaxed version of 
the NE5205. Minimum guaranteed band
width is relaxed to 3S0MHz and the "S" 
parameter Min/Max limits are specified 
as typicals only. 

Until now, most RF or high-frequency 
designers had to settle for discrete or 
hybrid solutions to their amplification 
problems. Most of these solutions re
quired trade-offs that the designer had 
to accept in order to use high-frequency 
gain stages. These include high power 
consumption, large component count, 
transformers, large packages with heat 
sinks, and high part cost. The NE/ 
SA5204 solves these problems by incor
porating a wideband amplifier on a single 
monolithic chip. 

The part is well matched to SO or 7SD. 
input and output impedances. The 
standing wave ratios in SO and 7SD. 
systems do not exceed 1.S on either the 
input or output over the entire DC to 
3S0MHz operating range. 

Since the part is a small, monolithic IC 
die, problems such as stray capacitance 
are minimized. The die size is small 
enough to fit into a very cost-effective 8-
pin small-outline (SO) package to further 
reduce parasitic effects. 

ORDERING INFORMATION 

Product Specification 

No external components are needed 
other than AC-coupling capacitors be
cause the NE/SA5204 is internally com
pensated and matched to 50 and 75D.. 
The amplifier has very good distortion 
speCifications, with second and third
order intermodulation intercepts of 
+ 24dBm and + 17dBm, respectively, at 
100MHz. 

The part is well matched for SOD. test 
equipment such as signal generators, 
oscilloscopes, frequency counters, and 
all kinds of signal analyzers. Other appli
cations at SOD. include mobile radiO, CB 
radio, and data/video transmission in 
fiber optiCS, as well as broadband LANs 
and telecom systems. A gain greater 
than 20dB can be achieved by cascad
ing additional NE/SAS204s in series as 
required, without any degradation in am
plifier stability. 

FEATURES 
• 200MHz (min.), ± O.SdB bandwidth 
• 20dB insertion gain 
• 4.8dB (6dB) noise figure 

Zo = 7SD. (Zo = SOD.) 
• No external components required 
• Input and output impedances 

matched to S017SD. systems 
• Surface-mount package available 
• Cascadable 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

o to +70°C NE5204N 
8-Pin Plastic DIP 

-40 to +85°C SA5204N 

o to +70°C NE5204D 
8-Pin Plastic SO package 

-40 to +85°C SA5204D 

February 12, 1987 4-155 

PIN CONFIGURATION 

N, D Packages 

TOP VIEW 

APPLICATIONS 
• Antenna amplifiers 
• Amplified splitters 
• Signal generators 
• Frequency counters 
• Oscilloscopes 
• Signal analyzers 
• Broadband LANs 
• Networks 
• Modems 
• Mobile radio 
• CB radio 
• Telecommunications 
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Signetics Unear Products 

Wide-band High-Frequency Amplifier 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Vee Supply voltage 

VIN AC input voltage 

TA Operating ambient temperature range 
NE grade 
SA grade 

Po Maximum power dissipation 1, 2 

T A - 25'C (still-air) 
N package 
o package 

TJ Junction temperature 

TSTG Storage temperature range 

TSOLO 
Lead temperature 

(soldering 60s) 

NOTES: 
1. Derate above 25'C, at the following rates 

N package at 9.3mW rc 
D package at 6.2mW rc. 

2. See "Power Dissipation Considerations" section. 

EQUIVALENT SCHEMATIC 

v,. 
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RATING 
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UNIT 

V 

Vp.p 

'C 
'C 

mW 
mW 

'C 

'C 

'C 

R. 

Ro 
VOUT 

Q. 

Rz 

Re. 
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DC ELECTRICAL CHARACTERISTICS at Vee - 6V. Zs - ZL ~ Zo - 500 and TA - 25'C. in all packages. unless otherwise 
specified. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Vcc Operating supply voltage range Over temperature 5 8 V 

Icc Supply current Over temperature 19 24 31 mA 

S21 Insertion gain f - 100MHz, over temperature 16 19 22 dB 

f= 100MHz 25 dB 
SII Input return loss 

DC -550MHz 12 dB 

f-l00MHz 27 dB 
S22 Output return loss 

DC -550MHz 12 dB 

f= 100MHz -25 dB 
S12 Isolation 

DC -550MHz -18 dB 

BW Bandwidth ±0.5dB 200 350 MHz 

BW Bandwidth -3dB 350 550 MHz 

Noise figure (750) f= 100MHz 4.8 dB 

Noise figure (500) f= 100MHz 6.0 dB 

Saturated output power f= 100MHz +7.0 dBm 

1 dB gain compression f= 100MHz +4.0 dBm 

Third-order intermodulation 
f= 100MHz +17 dBm 

intercept (output) 

Second-order intermodulation 
f-l00MHz +24 dBm 

intercept (output) 

35 • 
34 

~ 
32 

30 I - TA=25'C .... z 28 ... 
II: 26 II: 

'" 24 U 

~ 22 Go 
Go 

'" 20 II) 

~-- j T ... _25·C -t--

VCC-SV 
Vj:C-rv 
VCC·IV r.0-."-.. ~ vee-Iv 

1D8 

~ 
~ 7 

B z. 
18 

16 
5 5.5 6.5 7 7.5 8 

5 
10' •• 102 • 

SUPPLY VOLTAGE-V 
FREQUENCY-MHz 

Figure 1. Supply Current va Supply Voltage Figure 2. Noise Figure vs Frequency 
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25 

r--lo-500 
---TA=HoC 

10 
10' 

VCC~IV 
Vcca.,y::;-

Vcc~'V 
Vee. IV 

• 8 102 

FREQUENCY-MHz 

Figure 3. Insertion Gain vs Frequency (S2,) 
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-4 
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r-lo-500 
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10' 

Vcc- ev 

Vee _5V 
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FREQUENCY-MHz 

I ..... 

-" 
I" 

Figure 5. Saturated Output Power vs Frequency 

....... 

"" / 

If TA=2SoC 
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I 

8 7 10 

POWER SUPPLY VOLTAGE-V 

Figure 7. Second-order Output Intercept vs Supply Voltage 
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T!. -40J~l"" TA_aoc r--

T.=85"C..L. 

• • 102 
FREQUENCY-MHz 

~ 

• • 103 

Figure 4. Insertion Gain vs Frequency (S21) 
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Figure 6. 1dB Gain Compression vs Frequency 
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Figure 9. Input VSWR vs Frequency 
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Figure 13. Insertion Gain vs Frequency (S21) 

February 12, 1987 4-159 

1.9 

1.& 

I 1.7 

~ 1.6 

t- 1.5 

~ 1.4 

~ 
1.3 I-- Zo=75!l 
1.2 

1.1 I-- Zo = 500 

1.0 
10' 6 8 102 

FREQUENCY-MHz 

Product Specification 

NE/SA5204 

Figure 10. Output VSWR vs Frequency 
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Figure 12. Isolation VB Frequency (S'2) 
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THEORY OF OPERATION 
The design Is based on the use of multiple 
feedback loops to provide Wide-band gain 
together with good noise figure and terminal 
impedance matches. Referring to the clrcuit 
schematic in Figure IS. the gain is set primari
ly by the equation: 

VOUT 
-- - (RFI + RE1)/REl 

VIN 
(1) 

which is series-shunt feedback. There Is also 
shunt-series feedback due to RF2 and RE2 
which aids In producing wide-band terminal 
impedances Without the need for low value 
Input shunting resistors that would degrade 
the noise figure. For optimum noise perfor
mance. REI and the base resistance of 01 
are kept as low as possible. while RF2 is 
maximized. 

The noise figure is given by the following 
equation: 

{ [ KT]} rb+ REI +--
NF = 10Log 1 + 2qic1 dB 

Ro (2) 

where ICI = S.5mA. REI = 12n, rb = 1300. 
KT Iq = 2SmV at 2SoC and Ro = SO for a SOO 
system and 75 for a 7S0 system. 

3nH 

February 12. 19S7 

The DC input voltage level VIN can be deter
mined by the equation: 

VIN - VSEI + (ICI + Ics) REI (3) 

where REI - 120. VeE - O.SV. ICI = SmA 
and Ics = 7mA (currents rated at Vee - SV). 

Under the above conditions. VIN Is approxi
mately equal to tV. 

Level shifting is achieved by emitter-follower 
03 and diode 04. which provide shunt feed
back to the emitter of 01 via RFI. The use of 
an emitter-follower buffer In this feedback 
loop essentially eliminates problems of shunt
feedback loading on the output. The value of 
RFI - 1400 is chosen to give the desired 
nominal gain. The DC output voltage Your 
can be determined by: 

Your - Vee - (1C2+ Ice)R2. (4) 

where VCC - SV. R2 = 22Sn, IC2 - 7mA and 
Ice=5mA. 

From here. it can be seen that the output 
voltage is approximately 3.3V to give relative
ly equal positive and negative output sWings. 
Diode 05 is included for bias purposes to 
allow direct coupling of RF2 to the base of 01. 
The dual feedback loops stabilize the DC 
operating point of the amplifier. 

Vee 

R, 
225 

The output stage is a Darlington pair (06 and 
02) which Increases the DC biae voltage on 
the Input stage (01) to a more desirable 
value. and also increases the feedback loop 
gain. Resistor Ro optimizes the output VSWR 
(Voltage Standing Wave Ratio). Inductors Ll 
and L2 are bondwlre and lead Inductances 
which are roughly 3nH. These improve the 
high-frequency impedance matches at input 
and output by partially resonating with O.SpF 
of pad and package capaCitance. 

POWER DISSIPATION 
CONSIDERATIONS 
When using the part at elevated temperature. 
the engineer should consider the power dissi
pation cspabilities of each peckage. 

At the nominal supply voltage of SV. the 
typical supply current Is 2SmA (30mA max). 
For operation at supply voltages other than 
SV. see Figure 1 for lee versus Vee curves. 
The supply current is inversely proportional to 
temperature and varies no more than 1 mA 
between 2SOC and either temperature ex
treme. The change is 0.1 % per °C over the 
range. 

The recommended operating temperature 
ranges are air-mount specifications. Better 
heat-sinking benefits can be realized by 
mounting the SO and N package bodies 
against the PC board plane. 

Ri 
850 Ro 

.:I-----_---4-.JV'i/'v-...rrYTI,-o VOUT 

0, 

REI 
12 

Figure 15_ Schematic Diagram 
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PC BOARD MOUNTING 
In order to realize satisfactory mounting of the 
NE5204 to a PC board, certain techniques 
need to be utilized. The board must be 
double-sided with copper and all pins must be 
soldered to their respective areas (i.e., all 
GND and Vee pins on the package). The 
power supply should be decoupled with a 
capacitor as close to the Vee pins as possi
ble, and an RF choke should be inserted 
between the supply and the device. Caution 
should be exercised in the connection of 
input and output pins. Standard microstrip 
should be observed wherever possible. There 
should be no solder bumps or burrs or any 
obstructions in the signal path to cause 
launching problems. The path should be as 
straight as possible and lead lengths as short 
as possible from the part to the cable connec
tion. Another important consideration is that 
the input and output should be AC-coupled. 
This is because at Vee = 6V, the input is 
approximately at 1V while the output is at 
3.3V. The output must be decoupled into a 
low-impedance system, or the DC bias on the 
output of the amplifier will be loaded down, 
causing loss of output power. The easiest 
way to decouple the entire amplifier is by 
soldering a high-frequency chip capacitor di
rectly to the input and output pins of the 
device. This circuit is shown in Figure 16. 
Follow these recommendations to get the 
best frequency response and noise immunity. 
The board design is as important as the 
integrated circuit design itself. 

Both of the evaluation boards that will be 
discussed next do not have input and output 
capacitors because it is assumed the user will 
use AC-coupled test systems. Chip or foil 
capacitors can easily be inserted between the 
part and connector if the board trace is 
removed. 

TC08511S 

Figure 16. Circuit Schematic for 
Coupling and Power Supply Decoupllng 

February 12, 1987 

Yc:c PLANE 
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GNDPLANE 

so PACKAGE 
HOLE BACKSIDE 

8-LEAD MINI-PACK; PLASTIC (SO-8; SOT-96A) 
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Ii 
I 

o 0 0 0 

CAPACITOR !IOU! 10.20'\·---.. 

GNDFLANGE 
SMA CONNECTOR 

Figure 17. PC Board Layout for NE5204 Evaluation 
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50n EVALUATION BOARD 
The evaluation board layout shown In Figure 
17 produces excellent results. The board is to 
scale and is for the SO package. Both top 
and bottom are copper clad and the ground 
planes are bonded together through son 
SMA cable connectors. These are solder 
mounted on the sides of the board so that the 
signal traces line up straight to the connector 
signal pins. 

Solid copper tubing is soldered through the 
flange holes between the two connectors for 
increased strength and grounding character
istics. Two- or four-hole flanges can be used. 
A flat, round decoupling capacitor is placed in 
the board's round hole and soldered between 
the bottom Vee plane and the top side 
ground. The capacitor is as thin or thinner 
than the PC board thickness and has insula-

FEEDTHAU 

tion around its side to isolate V cc and ground. 
The square hole is for the SO package which 
is put in upside-down through the bottom of 
the board so that the leads are kept in 
position for soldering. Both holes are just 
slightly larger than the capacitor and IC to 
provide for a tight fit. 

This board should be tested in a system with 
son input and output impedance for correct 
operation. 

75n EVALUATION BOARD 
Another evaluation board is shown in Figure 
18. This system uses the same PC board as 
presented in Figure 17, but makes use of 75.0 
female N-type connectors. The board is 
mounted in a nickel plated box· that is used 
to support the N-type connectors. This is an 

MODEL 7014 

701 .... 1 (INC) 
701 .... 2 (TNC) 
7014-2 (TYPE N) 
7014-4 (SMA) 

~;:n 

~~~_~ __ It+-*-HI~ 
~.J!t (1.~ 

(1'.1) IIOT1OM VIEW 

Figure 18_ 75.0 N-Ty~e Connector Syetem 
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excellent way to test the part for cable TV 
applications. Again, the board should be test
ed in a system with 75.0 input- and output
Impedance for correct operation. 

NOTE: 
"The box and connectors are available as a "MOD
PACK SYSTEM" from the ANZAC division of 
ADAMS-RUSSELL CO., INC., 80 C9mbridge Street, 
Bu~ington, MA 01803. 

SCATTERING PARAMETERS 
The primary specifications for the NE5204 
are listed as S-parameters. S-parameters are 
measurements of incident and reflected cur
rents and voltages between the source, am
plifier, and load as well as transmission 
losses. The parameters for a two-port net
work are defined in Figure 19. 

1084 l jO.200(S.l)TYP 

(27.S) II 0.280 (7.4) TYP 

[0· 
o.-L--I 
(24.1) 
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Actual s.parameter measurements, using an 
HP network analyzer (model 850SA) and an 
HP S-parameter tester (models 8503A1B), 
are shown in Figure 20. These were obtained 
with the device mounted in a PC board as 
described in Figures 17 and 18. 

For 50n system measurements, SMA con
nectors were used. The 75n data was ob
tained using N-connectors. 

Values for Figure 20 are measured and speci
fied in the data sheet to ease adaptation and 
comparison of the NE5204 to other high
frequency amplifiers. The most important pa
rameter is S21. It is defined as the square root 
of the power gain, and, in decibels, is equal to 
voltage gain as shown below: 

VOUT 2 

POUT ~ VOUT2 
. --=-----=PI 
.. PIN VIN 2 VIN 2 

Zo 
PI=VI 2 

PI = Insertion Power Gain 
VI = Insertion Voltage Gain 

Measured value for the 
NE5204 = IS21 12 = 100 

POUT 
:,PI=--=IS21 12 • 100 

PIN 

VOUT 
and VI=--=VP;" -S21 =10 

VIN 

In decibels: 

PI(dB) = 10Log I S2112 - 20dB 

VI(dB) = 20Log S21 = 20dB 

:. PI(dB) = VI(dB) = S21(dB) = 20dB 

a: 

1.9 

1.8 

'.7 
~u 
~ 1.5 
I; 1.4 

1.3 =~Zo=750 

1.2 

1.1 -Zo=500 

1.0 

Also measured on the same system are the 
respective voltage standing-wave ratios. 
These are shown in Figure 21. The VSWR 
can be seen to be below 1.5 across the entire 
operational frequency range. 

Relationships exist between the input and 
output return losses and the voltage standing 
wave ratios. These relationships are as fol
lows: 

INPUT RETURN LOSS-S"dB 
S"dB = 20Log IS,, 1 

OUTPUT RETURN LOSS = S22dB 
S~B = 20Log I S221 

11 +S,11 
INPUT VSWR = -I --I';; 1.5 

I-S" 

11 +S221 
OUTPUT VSWR = -I --I';; 1.5 

I-S22 

1dB GAIN COMPRESSION AND 
SATURATED OUTPUT POWER 
The 1 dB gain compression is a measurement 
of the output power level where the small
signal insertion gain magnitude decreases 
1 dB from its low power value. The decrease 
is due to non-linearHies in the amplifier, an 
indication of the point of transition between 
smail-signal operation and the large-signal 
mode. 

The saturated output power is a measure of 
the amplifier's abilHy to deliver power into an 
external load. It Is the value of the amplifier's 
output power when the input is heavily over
driven. This includes the sum of the power in 
all harmonics. 

2.0 

1.9 

1.8 

1.7 

~ 1.6 

t- 1.5 
:::> 

O~ 1.4 

1.3 

1.2 

10' • 8 102 

FREQUENCY-MHz 

8 .,0" 
1.1 r-Zo=500 

1.0 
10' 

Product Specification 

NEjSA5204 

INTERMODULATION INTERCEPT 
TESTS 
The intermodulation intercept is an expres
sion of the low level linearity of the amplifier. 
The intermodulation ratio is the difference in 
dB between the fundamental output signal 
level and the generated distortion product 
level. The relationship between intercept and 
intermodulation ratio is illustrated in Figure 
22, which shows product output levels plotted 
versus the level of the fundamental output for 
two equal strength output signals at different 
frequencies. The upper line shows the funda
mental output plotted against itself with a 1 dB 
to 1 dB slope. The second and third order 
products lie below the fundamentals and 
exhibit a 2:1 and 3:1 slope, respectively. 

The intercept point for either product is the 
intersection of the extensions of the product 
curve with the fundamental output. 

The intercept point is determined by measur
ing the intermodulation ratio at a single output 
level and prOjecting along the appropriate 
product slope to the point of intersection with 
the fundamental. When the intercept point is 
known, the intermodulation ratio can be de
termined by the reverse process. The sec
ond-order IMR is equal to the difference 
between the second-order intercept and the 
fundamental output level. The third-order IMR 
is equal to twice the difference between the 
third-order intercept and the fundamental out
put level. These are expressed as: 

IP2 - POUT + IMR2 

IP3 = POUT + IMR3/2 

where POUT is the power level in dBm of each 
of a pair of equal level fundamental output 
signals, IP2 and IP3 are the second- and third
order output intercepts in dBm, and IMR2 and 
IMR3 are the second- and third- order inter
modulation ratios in dB. The intermodulation 
intercept is an indicator of intermodulation 
performance only in the small-signal operat-

6 8 102 

FREQUENCY-MHz 

a_ Input VSWR va Frequency b_ Output VSWR vs Frequency 

Figura 21_ Input/Output VSWR va Frequency 
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ing range of the amplifier. Above some output 
level which is below the 1dB compression 
point, the active device moves into large
signal operation. At this point, the intermodu
lation products no longer follow the straight
line output slopes, and the intercept descrip
tion is no longer valid. It is therefore important 
to measure IP2 and IPs at output levels well 
below 1dB compression. One must be care
ful, however, not to select levels which are 
too low, because the test equipment may not 
be able to recover the signal from the noise. 
For the NE5204, an output level of -1 0.5dBm 
was chosen with fundamental frequencies of 
100.000 and 100.01MHz, respectively. 

ADDITIONAL READING ON 
SCATTERING PARAMETERS 
For more information regarding S-parame
ters, please refer to High-Frequency Amplifi
ers; by Ralph S. Carson of the University of 
Missouri, Rolla, Copyright 1985, published by 
John Wiley & Sons, Inc. 
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DESCRIPTION 
The NE/SAlSES20S is a High Frequen
cy Amplifier with a fixed insertion gain of 
20dB. The gain is flat to ± O.SdB from DC 
to 4S0MHz, and the -3dB bandwidth is 
greater than 600MHz in the EC package. 
This performance makes the amplifier 
ideal for cable TV applications. For lower 
frequency applications, the part is also 
available in industrial standard dual in
line and small outline packages. The 
NE/SAlSE520S operates with a single 
supply of 6V, and only draws 2SmA of 
supply current, which is much less than 
comparable hybrid parts. The noise fig
ure is 4.8dB in a 7Sn system and 6dB in 
a son system. 

Until now, most RF or high frequency 
designers had to settle for discrete or 
hybrid solutions to their amplification 
problems. Most of these solutions re
quired trade-offs that the designer had 
to accept in order to use high frequency 
gain stages. These include high power 
consumption, large component count, 
transformers, large packages with heat 
sinks, and high part cost. The NE/SA/ 
SES20S solves these problems by incor
porating a wide-band amplifier on a sin
gle monolithic chip. 

The part is well matched to SO or 75n 
input and output impedances. The 
Standing Wave Ratios in SO and 7Sn 
systems do not exceed 1.S on either the 
input or output from DC to the -3dB 
bandwidth limit. 

Since the part is a small monolithic IC 
die, problems such as stray capacitance 
are minimized. The die size is small 
enough to fit into a very cost-effective 8-
pin small-outline (SO) package to further 
reduce parasitic effects. A TO-46 metal 
can is also available that has a case 
connection for RF grounding which in
creases the -3dB frequency to 6S0MHz. 
The metal can and Cerdip package are 
hermetically sealed, and can operate 
over the full -5SoC to + 12SoC range. 

No external components are needed 
other than AC coupling capacitors be
cause the NE/SA/SE5205 Is internally 
compensated and matched to 50 and 
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75n. The amplifier has very good distor
tion specifications, with second and 
third-order intermodulation intercepts of 
+24dBm and +17dBm respectively at 
100MHz. 

The device is ideally suited for 7Sn 
cable television applications such as 
decoder boxes, satellite receiver/decod
ers, and front-end amplifiers for TV re
ceivers. It is also useful for amplified 
splitters and antenna amplifiers. 

The part is matched well for son test 
equipment such as signal generators, 
oscilloscopes, frequency counters and 
all kinds of signal analyzers. Other appli
cations at son include mobile radio, CB 
radio and data/video transmission in 
fiber optics, as well as broad-band LANs 
and telecom systems. A gain greater 
than 20dB can be achieved by cascad
ing additional NE/SAlSES205s in series 
as required, without any degradation in 
amplifier stability. 

FEATURES 
• 6S0MHz bandwidth 
• 20dB Insertion gain 
• 4.8dB (6dB) nOise figure 

Zo = 7Sn (Zo = SOn) 
• No external components required 
• Input and output impedances 

matched to s017sn systems 
• Surface mount package available 
• Excellent performance In cable 

TV 7Sn systems 

APPLICATIONS 
• 7Sn cable TV decoder boxes 
• Antenna amplifiers 
• Amplified splitters 
• Signal generators 
• Frequency counters 
• Oscilloscopes 
• Signal analyzers 
• Broad-band LANs 
• Fiber-optics 
• Modems 
• Mobile radio 
• CB radio 
• Telecommunications 
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PIN CONFIGURATIONS 

N, FE, 0 Packages 

TOPYlEW 

EC Package 

........ 
NOTE: 
Tab denotes Pin 1. 
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ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

B-Pin Plastic SO o to +70'C NE5205D 

B-Pin Metal can o to +70'C NE5205EC 

4-Pin Cerdip o to +70'C NE5205FE 

B-Pin Plastic DIP o to +70'C NE5205N 

B-Pin Plastic SO -40'C to + B5'C SA5205D 

B-Pin Plastic DIP -40'C to +B5'C SA5205N 

B-Pin Cerdip -40'C to + B5'C SA5205FE 

B-Pin Cerdip -55'C to + 125'C SE5205FE 

EQUIVALENT SCHEMATIC 

Vee I 
J----~---+-~~----_oVmn 

V .. 0---_-< Q, 

IIF. 
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ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Vee 8upply voltage 

VAC AC input voltage 

TA Operating ambient temperature range 
NE grade 
8A grade 
8E grade 

Po 
Maximum power dissipation. 
T A ~ 25"C (still.air) 1, 2 

FE package 
N package 
D package 
EC package 

NOTES: 
1. Derate above 25"C. at the following rates: 

FE package at 6,2mW I"C 
N package at 9.3mW I"C 
D package at 6.2mW I"C 
EC package at 10,OmWI"C 

2, See "Power Dissipation ConsideratiOns" sectiOn, 

RATING 

9 

5 

o to +70 
-40 to +85 
-55 to +125 

780 
1160 
760 
1250 

Product Specification 

NE/SA/SE5205 

UNIT 

V 

Vp.p 

"C 
"C 
"C 

mW 
mW 
mW 
mW 

DC ELECTRICAL CHARACTERISTICS at Vee - 8V. Zs - Z~ - Zo - 50n and T A - 25"C. in all packages. unless otherwise 
specified, 

SE6206 NE/SAlSE5205 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Operating supply voltage range OVer temperature 5 8,5 5 8 V 
5 8,5 5 -8 V 

lee Supply current OVer temperature 20 24 30 20 24 30 mA 
19 31 19 31 mA 

S21 Insertion gain f-100MHz 17 19 21 17 19 21 dB 
OVer temperature 18,5 21,5 18,5 21,5 

811 Input retum loss f -100MHz D. N. FE 25 25 dB 

DC-fMAX D. N. FE 12 12 dB 

811 Input return loss f - 100MHz EC package 24 dB 

DC-fMAX EC 10 dB 

822 Output return loss f-100MHz D. N. FE 27 27 dB 

DC-fMAX 12 12 dB 

822 Output return loss f - 100MHz EC package 28 dB 

DC-FMAX 10 dB 

812 Isolation f= 100MHz -25 -25 dB 

DC-fMAX -18 -18 dB 
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DC ELECTRICAL CHARACTERISTICS at Vcc - 6V, Zs = ZL = Zo = son and T A = 25°C, in all packages, unless otherwise 
specified. 

SYMBOL PARAMETER TEST CONDITIONS 

BW 

fMAX 

fMAX 

fMAX 

fMAX 

fMAX 

~ 
I 

!Z 
i 
il 
~ 
t 
" .. 

Bandwidth 

Bandwidth 

Bandwidth 

Bandwidth 

Bandwidth 

Bandwidth 

Noise figure (75n) 

Noise figure (SOn) 

Saturated output power 

1 dB gain compression 

Third-order intermodulation 
intercept (output) 

Second-order intermodulation 
intercept (output) 

35 
34 

32 

:1-
26 

2. 

22 

20 

18 ,. 
5 5.& 6 6.5 7 

SUPPLY VOLTAGE-Y 

7.5 

Figure 1. Supply Current vs Supply Voltage 

25 

-Zo-1IOIl 
-TA-2S·C 

10 
10' 

veelav ~ 
Vcc· 7V 

Vee=IV 
Vcc=5V-' 

• • 102 FREQUENCY-MHz 

±0.5dB D, N 

-3dB D, N 

±0.5dB EC 

±0.5dB FE 

-3dB EC 

-3dB FE 

f = 100MHz 

f = 100MHz 

f= 100MHz 

f= 100MHz 

f= 100MHz 

f= 100MHz 

0PQ466OS 

Figure 3. Insertion Gain vs Frequency (S21) 
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Min 

400 

... 
~ 
~ 7 
0: 

~ z. 
5 

10' 

SE5205 

Typ 

300 

300 

4.8 

6.0 

+7.0 

+4.0 

+17 

+24 

NE/SA/SE5205 

Max Min Typ Max 

450 

550 

500 

300 

600 

400 

4.8 

6.0 

+7.0 

+4.0 

+17 

+24 

I 
L z..soo -

~ l. 
T._2S·C-

VCC=8V A Vpc=!" 
Yee- av 

~~~ " Vcc- IV 

I 
• • 102 FREOUENCY-MHz 

• 1103 

Figure 2_ Noise Figure vs Frequency 

11 
10 

i ~ 
~ :J 

-3 I-Zo=500 
-4 I-TA=2S"C 
-5 
-I 

10' 

Vee=7V 
Vee=IV 

Vcc .5V 

• • 102 
FREQUENCY-MHz 

-- Vee=IV 

Figure 4. Insertion Gain VB Frequency (S2,) 
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MHz 

MHz 

MHz 

MHz 

MHz 

MHz 

dB 
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11 
10 

i ~ 
~ :~ 

-3 r-Zo=50Q 
-4 rT,,=-25.C 
-5 -. 

10' 
• • 102 

FREQUENCY-MHz 

VCC=-8V 

Figure 5. Saturated Output Power vs Frequency 

40 

zl_ : 

25 

./ 
/' 

/ 

I: I' TA=2SoC 
Zo~500 

f I 
I 

.. ; 
i 

10 
4 7 9 

POWER SUPPLY VOLTAGE-V 

10 

Figure 7. Second-Order Output Intercept vs 
Supply Voltage 

2.0 

1.9 

1.8 

1.7 

1.8 

1.5 

1.4 

1.3 t::: Zo-750 

1.2 

1.1 -Zo-800 

1.0 
10' 

• • 102 
FREOUENCY-MHz 

• '103 

Figure 9. Input VSWR vs Frequency 
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• 8 102 

FREQUENCY-MHz 

~ 

• '103 

Figure 6. 1dB Gain Compression VI Frequency 
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f-

1£ Zo=500 
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POWER SUPPLY VOLTAGE-V 

Figure 8. Third-Order Intercept vs 
Supply Voltage 
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Figure 10. Output VSWR VB Frequency 
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'Il'Y 
1m mm 
~g 
.... z 
Za: a:", "' .... .... w lila: 
a: .... 
.... '" ~I': i;g 

40 

35 

30 

25 

20 -
15 

10 
'0' 

I I 
~ I 

I::::~ OUT~UT 
VCC=6V ~ Zo = son 

INP~~ TA=2rC 

I 
6 8102 

FREQUENCY -MHz 

I 

p.J 
~ ~ -

Figure 11. Input (51,) and Output (522) Return Loss vs 
Frequency 

25 
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10 

101 

VCC=~V 
VCC=7V--

I '\ ...... 

VCc=~V ../ 
VCC=5V 

Zo = 750 
TA=25°C 

• • 10' 
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" '" , 

Figure 13. Insertion Gain vs Frequency (52,) 
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• • 102 
FREQUENCY-MHz 

Figure 12. Isolation VB Frequency (512) 
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Figure 14. Insertion Gain vs Frequency (521) 
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THEORY OF OPERATION 
The design is based on the use of multiple 
feedback loops to provide wide-band gain 
together w~h good noise figure and terminal 
impedance matches. Referring to the circuit 
schematic in Figure IS, the gain is set primari
ly by the equation: 

(1) 

which is series-shunt feedback. There is also 
shunt-series feedback due to flF2 and RE2 
which aids in producing wideband terminal 
impedances ~hout the need for low value 
input shunting resistors that would degrade 
the noise figure. For optimum noise perfor
mance, RE' and the base resistance of 0, 
are kept as low as possible while RF2 is 
maximized. 

The noise figure is given by the following 
equation: 

NF= 

,10 Log { 
[rb+RE' +~]l 

1 + 2qlc, dB (2) 

Ro 

where Ic, = S.SmA, RE' = 12n, rb = 130n, 
KT /q = 26mV at 2S·C and Ro = SO for a SOn 
system and 75 for a 75n system. 

The DC input voltage level VIN can be deter
mined by the equation: 

where RE' - 12n, VeE - 0.8V, Ic, = 5mA 
and lea = 7mA (currents rated at Vee - 6V). 

I,Jnder the above cond~ions, VIN is approxi
mately equal to IV. 

Level shifting is achieved by emitter-follower 
03 and diode 04 which provide shunt feed
back to the emitter of 0, via RF'. The use of 
an emitter-follower buffer in this feedback 
loop essentialli eliminates problems of shunt 
feedback loading on the output. The value of 
RF' = 1400 is chosen to give the desired 
nominal gain. The DC output voltage VOUT 
can be determined by: 

where Vee = 6V, R2 = 22S0, 1C2 = 7mA and 
Ics- SmA. 

From here it can be seen that the output 
voltage is approximately 3.3V to give relative
ly equal positive and negative output swings. 
Diode Os· is included for bias purposes to 
allow direct coupling of RF2 to the base of 0,. 
The dual feedback loops stabilize the DC 
operating pOint of the ampl~ier. 

The output stage is a Darlington pair (06 and 
021 which increases the DC bias voltage on 
the input stage (0,) to a more desirable 
value, and also increases the feedback loop 
gain. Resistor Ro optimizes the output VSWR 

R, 
650 

Vee 

Q, 

R, 
225 

Q, 

V,N o-J"Y"rn'--_--' .... 
R, 
140 3nH 
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Figure 15. Schematic Diagram 
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(Voltage Standing Wave Ratio). Inductors L, 
and L2 are bondwire and lead inductances 
which are roughly 3nH. These improve the 
high frequency impedance matches at input 
and output by partially resonating with 0.5pF 
of pad and package capacitance. 

POWER DISSIPATION 
CONSIDERATIONS 
When using the part at elevated temperature, 
the engineer should consider the power dissi
pation capabilities of each package. 

At the nominal supply voltage of 6V, the 
typical supply current is 25mA (30mA Max). 
For operation at supply voltages other than 
6V, see Figure 1 for lee versus V cc curves. 
The supply current is inversely proportional to 
temperature and varies no more than 1 mA 
between 2S·C and either temperature ex
treme. The change is 0.1 % per ·C over the 
range. 

The recommended operating temperature 
ranges are air-mount specifications. Better 
heat sinking benefits can be realized by 
mounting the 0 and EC package body against 
the PC board plane. 

PC BOARD MOUNTING 
In order to realize satisfaciory mounting of the 
NES20S to a PC board, certain techniques 
need to be utilized. The board must be 
double-sided with copper and all pins must be 
soldered to their respective areas (i.e., all 

Ro L, 
Your 

'0 3nH 
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GND and Vee pins on the SO package). In 
addition, if the EC package is used, the case 
should be soldered to the ground plane. The 
power supply should be decoupled with a 
capacitor as close to the Voc pins as possible 
and an RF choke should be inserted between 
the supply and the device. Caution should be 
exercised in the connection of input and 
output pins. Standard microstrip should be 
observed wherever possible. There should be 
no solder bumps or burrs or any obstructions 
in the signal path to cause launching prob
lems. The path should be as straight as 
possible and lead lengths as short as possi
ble from the part to the cable connection. 
Another important consideration is that the 
input and output should be AC coupled. This 
is because at Voc = 6V, the input is approxi
mately at 1V while the output is at 3.3V. The 
output must be decoupled into a low imped
ance system or the DC bias on the output of 
the amplifier will be loaded down causing loss 
of output power. The easiest way to decouple 
the entire amplifier is by soldering a high 
frequency chip capacitor directly to the input 
and output pins of the device. This circuit is 
shown in Figure 16. Follow these recommen
dations to get the best frequency response 
and noise immunity. The board design Is as 
important as the integrated circuit design 
Itself. 

Both of the evaluation boards that will be 
discussed next do not have Input and output 
capacitors because it is assumed the user will 
use AC coupled test systems. Chip or foil 
capacitors can easily be inserted between the 
part and connector if the board trace is 
removed. 

son EVALUATION BOARD 
The evaluation board layout shown in Figure 
17 produces excellent results. The board is to 
scale and is for the SO package but can be 
used for the EC package as well. Both top 
and bottom are copper clad and the ground 
planes are bonded together through 50n 
SMA cable connectors. These are solder 
mounted on the sides of the board so that the 
signal traces line up straight to the connector 
signal pins. 

Solid copper tubing is soldered through the 
flange holes between the two connectors for 
increased strength and grounding character
istics. Two or four hole flanges can be used. 
A flat round decoupling capacitor is placed In 
the board's round hole and soldered between 
the bottom V co plane and the top side 
ground. The capacitor is as thin or thinner 
than the PC board thickness and has insula
tion around its side to isolate Voc and ground. 
The square hole is for the SO package which 
is put In upside down through the bottom of 
the board so that the leads are kept In 

February 12, 1987 

vce 

!---oVOUT 

AC 
COUPLING 
CAPACITOR 

Figure 16. Circuit Schematic 
for Coupling and Power Supply 

Decoupllng 

a-LEAD MINI-PACK; PLASTIC (so-a; SOT-HA) 

Ycc ..... ANE 

OUTPUT 

QNDPLANE 

80 PACKAGE 
HOLE BACKSIDE 

:J n q q 

D t:J D 

_1011 MOLl! lO.a.·,·--_ 

TOP 

... """ 

POOOI708 

PLANE 

8OPACKAOE 
HOLE TOPSIDE 

e«@ TO INPUT ~ o /~UT~ 0 

o • OR ~ 0 
QNDFLANQII 

SMA CONNecTOR .F ...... 
Figure 17. BC Board Layout for NE/SAlSE5205 Evaluation 
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position for soldering. Both holes are just 
slightly ·I.arger than the capacitor and IC to 
provide for a tight fit. 

This board should be tested in a system with 
500 input and output impedance for correct 
operation. 

75,n EVALUATION BOARD 
Another evaluation board Is shown in Figure 
18. This system uses the same PC board as 

FEEDTHAU 
0.-

presented in Figure 17, but makes use of 750 
female N-type connectors. The board is 
mounted in a nickel plated box' that is used 
to support the N-type connectors. This is an 
excellent way to test the part for cable TV 
applications. Again, the board should be test
ed in a system with 750 input and output 
impedance for correct operation. 

'The box and connectors are available as a "MOD
PACK SYSTEM" from the ANZAC division of 

MODEL 7014 

1014-1 (IIIIC) 
1014-2 (TNC) 
1014-3 (TYPE H) 
1014-4 (SMA) 

(1'-1)n 

'~~k_~ ~.5~j~L (1.8) 

(19.1) 

Figure 18. 750 N-Type Connector System 

s" • 

• s,. 
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ADAMS-RUSSELL CO., INC., 80 Cambridge Street, 
Bu~inglon, MA 01803. 

SCATTERING PARAMETERS 
The primary specifications for the NE/SAI 
SE5205 are listed as S-parameters. S-param
eters are measurements of incident and re
flected currents and voltages between the 
source, amplifier and load as well as trans
mission losses. The parameters for a two-port 
network are defined in Figure 19. 

1084 1 r- 0.200 (5.1) TVP 

(27.5) II 0.280 (7.4) TVP 

[0· 
o.tML-! 
(24.8) 

."""'" 
Figure 19a. Two-Port Network Defined 
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S" - INPUT RETURN LOSS 

POWER REFLECTED 
FROM INPUT PORT 

POWER AVAILABLE FROM 
GENERAlOR AT INPUT PORT 

S'2 - REVERSE TRANSMISSION LOSS 
OR ISOLATION 

5 12 -'; 
REVERSE TRANSDUCER 

POWER GAIN 

S2' - FORWARD TRANSMISSION LOSS 
OR INSERTION GAIN 

S2' 5,JTRANSDUCER POWER GAIN 

S22 - OUTPUT RETURN LOSS 

POWER REFLECTED 
FROM OUTPUT PORT 

POWER AVAILABLE FROM 
GENERATOR AT OUTPUT PORT 

Figure 19b 
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Actual S·parameter measurements using an 
HP network analyzer (model 850SA) and an 
HP S·parameter tester (models 8503A1B) are 
shown in Figure 20. These were obtained with 
the device mounted in a PC board as de· 
scribed in Figures 17 and 18. 

For SOn system measurements, SMA con· 
nectors were used. The 75n data was ob· 
tained using N·connectors. 

Values for the figures below are measured 
and specified in the data sheet to ease 
adaptation and comparison of the NE/SAI 
SE5205 to other high frequency amplifiers. 

7Sn 8ystem 

VCC=8V 
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The most important parameter is S2,' It is 
defined as the square root of the power gain, 
and, in decibels, is equai to voltage gain as 
shown below: 

Zo = ZIN = ZOUT for the NE/SAlSE5205 

V 2 0- NE/SAI 
IN SE5205 

PIN=--
Zo 0- Zo 

VOUT2 

POUT ~ VOUT2 
:'--=--=--2-- PI 

PIN VIN 2 VIN 

Zo 
PI _V1 2 

PI = Insertion Power Gain 

VOUT2 

POUT--
Zo 

VI = Insertion Voltage Gain 

Measured value for the 
NE/SAlSE5205 -I S2, 12 .. 100 

:. PI_ POUT -ls2,12~ 100 
PIN . 

VOUT . 
and VI .. ---V~-S2' .. 10 

VIN 

In decibels: 

PI(dB) .. 10 Log I S2' 12 .. 20dB 

VI(dB) - 20 Log 82, .. 20dB 

:. PI(dB) .. VI(dB) .. 821(dB) .. 20dB 

Also measured on the same system are the 
respective voltage standing wave ratios. 
These are shown in Figure 21. The V8WR 
can be seen to be below 1.5 across the entire 
operational frequency range. 

Relationships exist between the input and 
output return losses and the voltage standing 
wave ratios. These relationships are as fol
lows: 

2.0 

INPUT RETURN LOSS .. S"dB 
S"dB=20 Log Is"I 

OUTPUT RETURN LOSS = S22dB 
822dB = 20 Log I 8221 

11 +s,,1 
INPUT V8WR=-I--1"1.S 

1-8" 

11 +8221 
OUTPUT V8WR = -I --I "1.5 

1-S22 

1dB GAIN COMPRESSION AND 
SATURATED OUTPUT POWER 
The 1 dB gain compression is a measurement 
of the output power level where the small
signal insertion gain magnitude decreases 
1 dB from its low power value. The decrease 
is due to nonlinearities in the amplifier, an 
indication of the point of transition between 
small-signal operation and the large Signal 
mode .. 

The saturated output power Is a measure of 
the amplifier's ability to deliver power into an 
external load. It is the value of the amplifier's 
output power when the Input Is heavily over
driven. This Includes the sum of the power In 
all harmonics. 

INTERMODULATION INTERCEPT 
TESTS 
The intermodulation intercept is an expres
sion of the low level linearity of the amplifier. 
The intermodulation ratio is the difference In 
dB between the fundamental output signal 
level and the generated distortion product 
level. The relationship between intercept and 
Intermodulation ratio is Illustrated in Figure 
22, which shows product output levels plotted 
versus the level of the fundamental output for 
two equal strength output signals at different 
frequencies. The upper line shows the funda
mental output plotted against itself with a 1 dB 

2.0 ... 1 .• 

1 .• 

1.7 
TA=2S-C 1 •• 

1,.6 

!; 1.1 

~ 1.4 

1.3 

1.2 

1.1 

1.0 

~ Zo·750 

I-- Zo·1OO 

10' 

~ .6V 

4 •• ,oJ 
I'IIEQUENCY-IIHz --

a: 
~ 
> 
!; 
o. 
~ 

i!! 

1.7 

1.1 

1 •• 

1.4 

1.3 

I.' t--Zo· 711l 

1. 1 r-Zo'IOO 
1.0 

10' 

Product Specification 

NE1SA1SE5205 

to 1 dB slope. The second and third order 
products lie below the fundamentals and 
exhibit a 2:1 and 3:1 slope, respectively. 

The intercept point for either product is the 
intersection of the extensions of the product 
curve with the fundamental output. 

The intercept point is determined by measur
ing the intermodulation ratio at a single output 
level and prOjecting along the appropriate 
product slope to the point of intersection with 
the fundamental. When the intercept point is 
known, the intermodulation ratio can be de
termined by the reverse process. The second 
order IMR is equal to the difference between 
the second order intercept and the funda
mental output level. The third order IMR is 
equal to twice the difference between the 
third order intercept and the fundamental 
output level. These are expressed as: 

IP2 - POUT + IMR2 

IP3 - POUT + IMR3/2 

where POUT is the power level in dBm of each 
of a pair of equal level fundamental output 
signals, IP2 and IP3 are the second and third 
order output intercepta in dBm, and IMR2 and 
IMR3 are the second and third order inter
modulation ratios in dB. The Intermodulatlon 
intercept Is an Indicator of Intermodulation 
performance only in the small signal operat
ing range of the amplifier. Above some output 
level which is below the 1dB compression 
point, the active device moves into large
signal operation. At this point the Intermodu
lation producta no longer follow the straight 
line output slopes, and the Intercept descrip
tion is no longer valid. It is therefore important 
to measure IP2 and IP3 at output levels well 
below 1 dB compression. One must be care
ful, however, not to select too low levels 
because the test equipment may not be able 
to recover the signal from the noise. For the 
NE/SAlSES20S we have chosen an output 
level of -1 O.SdBm with fundamental frequen
cies of 100.000 and 100.01 MHz, respectively. 

TA=2S·C 
Vcc"V 

4 ",01 4 • • 102 
FREQUENCY-MHz ........ 

., Input VSWR va Frequency b, Output VSWR va Frequency 

Figure 21. Input/Output VSWR vs Frequency 
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Wide-band High Frequency Amplifier 

ADDITIONAL READING ON 
SCATTERING PARAMETERS 
For more information regarding S-parame
ters, please refer to High-Frequency Amplifi
ers by Ralph S. Carson of the University of 
Missouri, Rolla, Copyright 1985; published by 
John Wiley & Sons, Inc. 

"S-Parameter Techniques for Faster, More 
Accurate Network Design", HP App Note 95-
1, Richard W. Anderson, 1967, HP Journal. 

"S-Parameter Design", HP App Note 154, 
1972. 
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DESCRIPTION 
The NE/SA604 is a monolithic low pow
er FM IF system incorporating two limit
ing intermediate frequency amplifiers, 
quadrature detector, muting, logarithmic 
signal strength indicator, and voltage 
regulator. The NE/SA604 is available in 
a 16-lead dual in-line plastic and Cerdip 
packages and 16-lead SO (surface
mounted miniature package). 

BLOCK DIAGRAM 

November 4, 1985 

NE/SA604 
Low Power FM IF System 
Product Specification 

FEATURES 
• Low power consumption: 2.3mA 

typical 
• Logarithmic Received Signal 

Strength Indicator (RSSI) with a 
dynamic range in excess of 90dB 

• Separate data output 
• Audio output with muting 
• Low external count; suitable for 

crystal/ceramic filters 
• Excellent sensitivity: 1.5/lV across 

input pins (O.27/lV Into 50n 
matching network) for 12dB 
SINAD (Slgnal-to-Nolse and 
Distortion ratiO) at 455kHz 

• SA604 meets cellular radio 
specifications 

APPLICATIONS 
• Cellular Radio FM IF 
• Communications receivers 
• Intermediate frequency 

amplification and ci~tection up to 
15MHz 

• RF level meter 
• Spectrum analyzer 
• Instrumentation 

4-178 

PIN CONFIGURATION 

D, F, N Packages 

IF All' 
DECOUPLING 

MUTE INPUT 3 

ASSI OUTPUT 5 

AUDIO OUTPUT • 

DATA OUTPUT 7 

QUADRATURE 
INPUT 8 

80019108 

TOP VIEW 

15 :e~~~PL.lNG 
14 ~U~~T 

12 ~~~rr;R 
n LIMITER 

OECOUPLING 

10 LIMITER 
OECOUPLING 

9 LIMITER 
OUTPUT 

853-0395 81127 
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ORDERING INFORMATION 

DESCRIPTION TEMPERATURE ORDER CODE 

16-Pin Plastic DIP o to +70·C NE604N 

16-Pin Plastic SO o to +70·C NE604D 

16-Pin Cerdip o to +70·C NE604F 

16-Pin Plastic DIP -40·C to + B5·C SA604N 

16-Pin Cerdip -40·C to + B5·C SA604F 

16-Pin Plastic SO -40·C to + B5·C SA604D 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Vee Maximum operating voltage 9 V 

TSTG Storage temperature range -65 to +150 ·C 

TA Operating ambient temperature range 
NE604 o to +70 ·C 
SA604 -40 to +B5 ·C 

DC ELECTRICAL CHARACTERISTICS TA = 25·C; Vee = + 6V, unless otherwise stated. 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Vcc Power supply voltage range 4.5 B.O V 

DC current drain 2.7 mA 

Mute switch input threshold 
(on) 1.7 V 
(off) 1.0 V 

AC ELECTRICAL CHARACTERISTICS TA = 25·C; Vee = +6V, unless otherwise stated. RF frequency = 455kHz; RF 

SYMBOL PARAMETER 

Input limiting - 3dB 

AM rejection 

Recovered audio level 

Recovered data level 

SINAD sensitivity 

THD Total harmonic distortion 

SIN Signal-to-noise ratio 

RSSI output .,. 

RSSI range 

RSSI accuracy 

IF input impedance 

IF output impedance 

Limiter input impedance 

level =-47dBm; FM modulation = 1kHz with+BkHz peak deviation. Audio output with 
C-message weighted filter and de-emphasis capacitor. 

TEST CONDITIONS MIN TYP MAX UNIT 

Test at Pin 16 -90 dBm 

BO% AM 1kHz 30 dB 

After C filter and de-emphasis BO 100 mVRMS capacitor 

250 350 mVRMS 

RF level- 97dBm 12 15 dB 

-35 dB 

No modulation for noise 70 75 dB 

R4= 100kn 
RF level = -97dBm 0 400 mV 
RF level = -47dBm 2.0 2.6 V 
RF level = 3dBm 4.0 5.0 V 

R4 = 100kn Pin 5 90 dB 

R4 = 100kn Pin 5 ±1.5 dB 

1.5 kn 

1.0 kn 

1.5 kn 

Quadrature detector data output impedance 50 kn 

Muted audio output impedance 50 kn 

November 4, 19B5 4-179 
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TYPICAL APPLICATION 

kHz IF 

NE604 TEST SETUP 
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,-..,..--, Q = 20 LOADED 

MUTE Vee RSSI 
OUTPUT INPUT 

C1 10nF +80-20% 63V K10000-Z5V Ceramic 
C2 I00nF ± 10% SOV Polyester 
C3 100nF ± 10% SOV Polyester 
C4 100nF ± 10% SOV Polyester 
C5 100nF ± 10% SOV Polyester 
C6 10pF ± 2% 100V NPO Ceramic 
o 10OnF±10% SOV Polyester 
C8 100nF±10% SOV Polyester 
C9 15nF ± 10% SOV Polyester 
C10 150pF±2% 100V N1500 Ceramic 
e11 1nF±10% 100V K2000~Y5P Ceramic 
C12 a.8uF ±20% 25V Tantalum 
F1 455kHz Ceramic Filter Murata SFG455A3 
F2 455kHz IF Filter A2549 
RI 51n±1% 1I4W Molal Film 
R2 1SOOn±1% 1/4W Metal Film 
R3 15000 ± 5% 118W Carbon Composition 
R4 l00kO±I% 114W Molal Film 

DESCRIPTION OF OPERATION 
The NE/SA604 is comprised of fIVe subsys
tems for IF signal processing. These subsys
tems, two IF limiting amplifiers, quadrature 
detector, audio mute, and logarithmic signal 
strength, can be configured to satisfy many 
high·performance or low·power systems ob
jectives. Internal temperature compensated 
bias regulation completes the circuitry. Taken 
together, the SA604 exceeds the demanding 
technical requirements for cellular radio. 

November 4, 1986 

Figure 1. NE604 Test Circuit and Parts List 

Figure 2 shows the equivalent circuits of the 
NE/SA604. 

limiting Amplifiers 
The NE/SA604 has two independent limiting 
IF amplifiers. The first has a gain of 30dB. 
The second has 60dB gain. Both have 1.5k 
nominal input impedance and 15MHz band· 
width. The output impedance of the first 
limiter is approximately 1 kil. These imped· 
ances permit direct interface with popular 
ceramic filters such as the SFU455. On the 
surface, the 1 k output of the first limiter would 
not seem correct. However, approximately 
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r
ll 

--1 
IF, 

I I 

L-~~-1 

DATA 
OUTPUT 

6dB insertion loss is required between limiter 
stages to optimize the linearity of the signal 
strength indicator. The impedance mismatch 
has little effect on passband. Use of an 
interstage filter reduces wide·band noise. A 
DC blocking capacitor or LlC filter can also 
be used. 

As the signal frequency increases, the 90dB 
total gain can become a source of instability. 
Figure 3 shows the limiters as a closed·loop 
system with stray capacitance and the equiv
alent AC input impedance setting the loop 
gain. 

I 
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ADJUST FOR 8 dB 'NSERTION 
LOSS RELA11YE TO THE 1K 

SOURCE <PIN 14) AND THI1.IIK LOAD <PlI"N_'2)_ ..... ~'t/V-_, 

GND Vee 

El EJ 
Figure 2. Eql.!lvalent Circuit 

Can!Ay 
r--------if-------, 

n1>v4 
~ -= ":" ":" . -=-

Figure 3_ Considerations for Stability 
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The equivalent AC attenuation factor from the 
output to the input must be greater than 90dB 
or oscillation can oc;cur.The input impedance 
of the device is. nominally 1.5k. The stray 
layout capacitance is a frequency-dependent 
impedance sO that as the frequency of opera
tion or the value of stray capacitance in
creases, the output-to-input attenuation fac
tor decreases. Keep stray capacitance low by 
using good RF layout technique. Sockets 
should be avoided above 455kHz. 

Good RF layout is the proper way to avoid 
instability. However, if system constraints re
quire, stability can be achieved by only using 
one of the limiting amplifiers, or by adding a 
resistance, R'N, which will increase the atten
uation factor. 
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I 
TCO.2431S 

a. Cellular Radio Configuration 

NE804 1.F.INPUT ("VI (15000) 
I. 100 1K 10K 100K 

-0 /------~~~---r~~~ 
/ / " / 4V .. ~:::~/ 

L~~._~~!~~~a_._._ 3V 

2V 

AM ( ...... OD) 

1V 

-
-120 -100 -aD -eo -40 

NE8G2 RF INPUT (dBm) (SOil) 

b. Cellular Circuit Performance 

Figure 4 
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Adding an input resistor is an easy way to 
reduce the attenuation factor, but may make 
correct termination of Interstage filters difficult 
or impossible. At 455kHz Instability should not 
be a problem if reasonable RF layout is used. 

Quadrature Detector 
The detector of the NE604 is a four quadrant 
multiplier of the Gilbert cell type, It can be 
used for frequency or amplitude demodula
tion. Figure 4 indicates a typical quadrature 
FM configuration. Fully limited In-phase signal 
is applied to the multiplier internally. 90· 
phase shift is accomplished with the LIC 
tuned circuit connected directly to Pin 8 and 
capacitively to Pin 9. Because of the DC bias 
of the NE604, the phase shift network must 
be returned to ground through a low imped
ance capacitor. Recovered signal Is continu
ously available at Pin 7 or on a switched basis 
at Pin 6. 

The quadrature coil or crystal! ceramic dis
criminator affects three system parameters: 
bandwidth, linearity, and detected signal am
plitude. Figure 6 shows three quadrature 
curves. 

November 4, 1986 

c, 
VIN>--! t-r-t-,--"t---t--+-VOUT 

"PL 

_ON 
Vour )o>c, 
-y;;-- 1 AlII 

'iiPLj"jiiiiij(1 + JIQ-;;;» + jeIIC1 

Q .... (".LI I RPU) c. 
~ • PEAK DEVlA110N 

CIICI - CENT!R FREQUENCY 

""""S 
Figure 6. General Equations 

For Quadrature Call 

"""'lOS 

Table 1_ System Parameters as 
Applied to Figure 4a 

.::low = 2'/1'*8kHz 

Wo = 2'/1'*455kHz 

CP = 180pF 

RPU = 233K 

RPL - 40K 

LP - 644jlH 

Q "" 20 

Curve A has the most narrow bandwidth and 
high peak-to-peak output versus frequency 
deviation corresponding to a high Q network. 
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Curve C is very low Q with good linearity and 
shows how very large deviations can be 
processed. Curve B shows how the quadra
ture network can cause non-linearity in the 
detected output. A loaded Q for the 455kHz 
quadrature coil of Figure 4 is 20. Using the 
test circuit of Figure 4 with an input of 
-47dBm, the recovered audio is typically 
90mVRMS with -35dB distortion. 

While the NE604 was designed principally for 
FM applications, the detector can be used for 
synchronous amplitude demodulation if the 
carrier Is limited through the Internal circuitry 
and AGC'd external to the device. The AGC'd 
signal is applied to Pin 8 instead of a quadra
ture signal. The signal strength Indicator can 
control AGC. A low-pass filter on the output 
completes the demodulator. Figure 7 shows 
the equivalent circuit. 

RESONANCE 
_ FREQUENCY--+ 

Figure 6. Quadrature 
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MIXER 

Audio Mute 
An electronic switch permits muting or 
squelch of one of the demodulated outputs. 
The data (unmuted output) and audio (muted 
output) both have 50kn output impedance 
and their detected signals are 180 degrees 
out of phase with each other. The mute input 
(Pin 3) has a very high impedance and is 
compatible with three and five volt CMOS and 
TTL levels. Little or no DC level shift occurs 
after muting when the quadrature detector is 

SAiN .... 

10K 

.oK 

12 

NE ... 

lOOK 

Figure 7. Synchronous AM Detection 

adjusted to the IF center frequency. Muting 
will attenuate the audio Signal by more than 
60dB and no voltage spikes will be generated 
by muting. 

Signal Strength Indicator 
The logarithmic signal strength indicator is a 
current source output with, maximum source 
current of 501lA. The signal strength indica
tor's transfer function is approximately 10/lA 
per 20dB and is independent of IF frequency. 

a. Temperature-Compensated RSSI Circuits 

Figure 8. Signal Strength 
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The interstage filter must have a 6dB inser
tion loss to optimize slope linearity. 

There is some temperature dependence to 
the signal strength output. Figure 8 shows the 
characteristic. Two suggested lead circuits 
are shown to improve linearity In critical 
applications. For cellular radio applications 
use of either technique and the SA604 device 
(_40°C to + 85°C) will assure compliance with 
RSSI criteria. 

RSSI 
pOTPUT 

.". NORMALIZE SLOPE 
WITH THIS RESISTOR 

.. SOOOPPMfC 
TEMPERATURE SENSOR 

.,.. I.5kCl NOIoIHAL 
TC024.21S 

b. 

• 
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INTRODUCTION 
The SAlNE604 represents a new standard of 
performance in low power FM IF integrated 
circuits. Originally designed for cellular radio 
applications, the 604 is also well suited to 
other radio frequency circuits where good 
performance and low power consumption are 
the important design considerations. When 
used with its companion double-balanced 
mixer, the SAlNE602, a low power system 
solution for the cellular radio and other RF 
applications is realized (Reference 1). 

Figures 1 and 2 show the device pin-out and 
a functional diagram of the 604. The device 
provides an IF amplifier, quadrature detector, 
received signal strength indicator (RSSI), and 
mute circuit. Two detector outputs are provid
ed for audio and data information w~h the 
audio output being controlled by the mute 
circuit. 

CIRCUIT OVERVIEW 
The IF amplifier consists of five differential 
stages with a total gain of about 90dB. 
Provision is made for an external inter-stage 
filter to reduce broadband noise and increase 
receiver selectivity. The differential input to 
the first I F section appears at Pins 15 and 16. 
One pin is usually AC-coupled to ground (Pin 
15) with Pin 16 used as the "high" input. The 
first IF section has a typical gain of 40dB with· 
its output appearing on Pin 14. Similar to the 
first IF section, the second section uses a 
differential input appearing at Pins 12 and 11, 
with Pin 11 usually AC-coupled to ground. 
The five stages are identical and anyone may 
go into limiting, depending on the RF input 
level. 

The interstage filter can be ceramic, crystal, 
or an LC circuit. RSSI tracking is optimized 
when the filter circuit loss is 6dB. The output 
impedance of both amplifier sections (Pins 14 
and 9) is about 1 kn. For convenience, an 
"L" pad circuit showing 6dB loss is shown in 
Figure 3. This circuit allows observation of the 
RSSI response without using a filter. 

The quadrature detector multiplies two IF 
signals to produce the audio output. One of 
the IF Signals is differentially phase shifted by 
an external quadrature tank or discriminator 
circuit connected between Pins 8 and 9 
(Figure 4). The second IF signal is fed to the 
other detector input internally. Figure 5 shows 
the desired phaselfrequency response of the 
quadrature-tuned circuit. A detailed mathe
matical explanation of detector operation can 
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be found in Reference 2. The detected audio 
appears at the data terminal (Pin 7) and, via 
the mute circu~, at the audiO (Pin 6) terminal. 

The cellular radio specifications call for a 
logarithmic Signal strength indicator accurate 
within 3dB over an 80dB dynamic range. The 
604 meets this requirement with an effective 
technique. A sample current corresponding to 
the output of each IF stage is fed to a 
summing amplifier. The output of this amplifi
er provides a current source which is reflect
ed by a current mirror. The current mirror 
output that appears on pin 5 provides the 
logarithmic RSSI information. It is usable over 
a 90dB dynamic range with 1.5dB accuracy. 
Typically, a 100kn resistor is used to convert 
the RSSI current to a voltage which is loga
r~hmically proportional to the received signal 
strength. 

PACKAGING 
Both the SA/NE604 and its companion dou
ble balanced mixer, the SAlNE602, are avail
able in either the plastic dual-in-line "DIP" or 
surface mounted "SO" packages. The NE 
prefix specifies a 0 to+ 70'C operating tem
perature range while SA specifies-40 
to+ 85'C operation. The extensive tempera
ture data presented in this application note 
pertain to both the SA and NE devices. 

TYPICAL APPLICATIONS 
Figure 6 is a simplified schematic diagram of 
the 604 which details the internal circuitry 
adjacent to the device's pins. This should 
help the designer match impedances to ex
ternal circuitry. Figure 7 shows the schematic 
diagram of a typical test circu~ using the 604 
and 602. 

The quadrature tuned circu~ (F3) shifts the 
phase of the IF signal as shown in Figure 5. 
Low distortion demodulation is obtained if the 
IF signal deviation is restricted to the linear 
portion of the S-curve. There are three vari
ables affecting quadrature linearity: circuit Q, 
deviation, and IF frequency. If the deviation Is 
increased, the Q must be decreased for a 
given degree of line~. The circuit Q will 
also affect the demodulated signal level. A 
higher Q will yield a higher audio output from 
the quadrature detector since the phase shift 
will be greater for a given deviation. The 
quadrature Q must be optimized for a given 
frequency deviation, IF frequency, and de
sired linearity. A loaded Q of about 20 is 
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typical for narrow band FM applications using 
a 455kHz IF. 

The supply voltage for the 602/604 pair can 
range from 4.5 to 8V. Optimum overall perfor
mance is realized at 6.0V for the device pair. 
Several operation parameters are plotted for 
supply voltage as well as temperature. 

Quadrature detector linearity can be affected 
by temperature variations. LC circuit reso
nances will drift as the coil and capecitor 
values change w~h temperature. This effect 
becomes more critical w~h increased circuit 
Q. If wide temperature variations are ex
pected, careful choice of circu~ components 
can minimize this effect. Most inductors have 
positive temperature coefficients (increase of 
inductance with increase of temperature). If a 
negative coefficient capac~or is chosen to 
compensate the inductor, the resonant fre
quency will track over temperature. 

Since a bipolar current source is used to 
provide the RSSI function, the current will 
change with temperature. An increase in 
temperature will result in an increase in RSSI 
indication (Figure 8, uncorrected response). 
The circuit shown in Figure 9 will "smooth" 
the response over temperature by dropping 
the load impedance presented to Pin 5 as 
temperature increases (Figure 8, corrected 
response). 

All the major performance parameters of the 
604 are shown in Figure 10. Figure 11 illus
trates a typical test set-up for measuring 
many of the discussed parameters. Figures 
12 to 25 provide a comprehensive guide to 
604 performance over temperature and other 
variables. 

USE AS A FIELD STRENGTHI 
RF VOLTMETER 
As stated earlier the RSSI function is usable 
over a 90dB dynamic range. This function 
taken alone can provide a useful RF voltme
ter function. The circuit in Figure 26 can be 
used as a field strength or RF voltmeter 
application. A linear readout device can be 
calibrated directly in decibels or logar~mical
Iy for power, current, or volts. 

USE AS AN AM SYNCHRONOUS 
DETECTOR 
The 604 can also be used as an AM envelope 
detector. The IF signal is fed to both the 604, 
as in the FM application, and to an additional 

I 
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linear IF amplifier (Figure 27). The linear 
amplifier then feeds the quadrature detector 
which mixes with the AM limited carrier and 
demodulates the envelope. 1 % THD is ob
tainable with this technique with a 90% AM 
modulated signal. 

USE AS A PRODUCT 
DETECTOR 
Figure 28 shows how the 604 can be used as 
a product detector for SSB or DSB. In this 
case the LO is applied to the 604 I F amplifier 
and an external linear IF amplifier is used for 
the SSB or DSB signal. The 604 quadrature 

February 1987 

detector then acts as the product detector. 
With the addition of a simple switching array, 
a single 604 can be used for FM, AM, or SSB 
detection in a communications receiver! 

REFERENCES 
1. Zavrel, R.: Signetics AN198 Designing With 
the SAINE 602, December, 1984. 

2. Hayward, W.: Introduction to Radio Fre
quency Design, 1982, Prentice-Hall. 

Written by Bob Zavrel 

Figure 2. Block Diagram 
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Figure 1. Pin Configuration 
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Figure 3. 6dB "L" Pad Figure 4. Quadrature Network I 

Figure 5 
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Figure 6. Application Demonstration Board 
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Cl 
C2 
C3 
C4 

CS 
C6 
C7 
C6 
C9 
Cl0 
Cl1 
C12 
C13 
C14 
C15 
C16 
C17 
C18 
Al 
A2 
AFC 
Ll 
L2 
Fl 
F2 
F3 
Xl 
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47 pF 2% 100 V N750 Ceramic 
220pF 2% 100 V N750Ceramic 
0.1 ~F 10% SOV Polyester 
10nF 800/0 63V Kl0000 - 25X Ceramic 

20% 
O.l~F±lo% SOV Polyester 
5.6 pF ± 25% 100 V NPOCeramic 
22pF± 2% 100 V N150 Ceramic 
lnF±lO% 100 V K2000 - Y5P Ceramic 

O.lI-'F± 10% SOV Polyester 
0.1 ~F± 10% SOV Polyester 
6.8 j.lF ± 20% 25V Tantalum 

1 nF± 10% l00V K2000 - Y5P Ceramic 
15nF± 10% SOV Polyester 
10pF± 2% l00V NPOCeramlc 

0.1 #.IF± 10% SOV Polyester 
0.1 pF± 10% SOV Polyester 
0.1 pF± 10% SOV Polyester 
150pF± 2% 100 V Nl500 Ceramic 

1.SK± 5% l/8W Carbon Composition 
looK± 1% 1I4W Metal Film 

5.5 pH RF Chocke J.W. Miller 542 - 4609 
0.209 - 0.283 J.lH Adjustable VHF Coil Miller 48A257MPC 

O.S-1.3/o1H Adjustable Coil1S11 - 0036TW 
455 kHz Ceramic Filter Murata SFG 455A3 

455 kHz IF Filter Toko A2549 
44.545 MHz Third Overtone Crystal 

Figure 7. Application Test Board Parts 

10 100 lK 

RL=100KO 
A=-113dBm=2.7.V 

1500lliNPUT SIGNAL STRENGTH (.VI 

Figure 8. RSSI vs Signal Strength 
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SAfNE604 
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Figure 9. Temperature-Compensated RSSI Circuit 
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DESCRIPTION 
Although the NE604 was designed as an RF 
device intended for the cellular radio market, 
it has features which permit other design 
configurations. One of these features is the 
Received Signal Strength Indicator (RSSI). In 
a cellular radio, this function is necessary for 
continuous monitoring of the received signal 
strength by the radio's microcomputer. This 
circuit provides a logarithmic response pro
portional to the input signal level. The NE604 
can provide this logarithmic response over an 
BOdB range up to a ISMHz operating frequen
cy. This paper describes a technique which 
optimizes this useful function within the audio 
band. 

A sensitive audio level indicator circuit can be 
constructed using two integrated circuits: the 
NE604 and NES32. This circuit draws very 
littie power (less than SmA with a single 6V 
power supply) making it ideal for portable 
battery operated equipment. The small size 
and low-power consumption belie the BOdB 
dynamic range and 10.Sj.lV sensitivity. 

18 

NE804 
+ 

+tv 

February 19B7 

AN1991 
Audio Decibel Level Detector 
With Meter Driver 
Application Note 

The RSSI function requires a DC output 
voltage which is proportional to the log10 of 
the input signal level. Thus a standard 0 - S 
voltmeter can be linearly calibrated in deci
bels over a single BOdB range. The entire 
circuit is composed of 9 capacitors and two 
resistors along with the two ICs. No tuning or 
calibration is required in a manufacturing 
setting. 

The Audio Input vs Output Graph shows that 
the circuit is within I.SdB tolerance over the 
BOdB range for audio frequencies from 100Hz 
to 10kHz. Higher audiO levels can be mea
sured by placing an attenuator ahead of the 
input capacitor. The input impedance is high 
(about SOk), so lower impedance terminations 
(SO or 600n) will not be affected by the input 
impedance. If very accurate tracking is re
quired « O.SdB accuracy), a 40 or SOdB 
segment can be "selected". A range switch 
can then be added with appropriate attenua
tors if more than 40 or SOdB dynamic range is 
required. 

odB-aoomVp.T.p.l .1 

==~N~~ ;,1 
DOITEDLINEJ .I ~ INDICATES 
MEASURED SUOPE .I 
Vcc=8V 

~ j 

~~' 

--l1\o" 
o 
-100 -80 -80 -40 -20 

AUDIO INPUT (dB) 

~--------------------~------o+6V 

Figure 1 
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Audio Decibel Level Detector With Meter Driver 

There are two amplifier sections in the 604 
with 2 and 3 stages in the first and second 
sections respectively. Each stage outputs a 
sample current to a summing circuit. The 
Bumming circuit has a current· mirror which 
appears at Pin 5. This current is thus propor
tional to the IOg10 of the Input audio signal. A 
voltage is· dropped across the lOOk resistor 
by the current, and a 0.1 ¢' capaCitor is used 
to bypass and filter the output signal. The 532 
op amp is used as a buffer and meter driver, 
although a digital voltmeter could replace 
both the op amp and the meter shown. The 
rest of the capacitors are used for power 
supply and amplifier input bypassing. 

The RC circuit between Pins 14 and 12 forms 
a low-pass filter which can be adjusted by 
changing the value of Cl. Raising the capaci-

February 1987 

lance will lower the cut-off frequency and also 
lower the zero signal output resting voltage 
(about 0.6Y). Lowering the capacitance value 
will have the oppOsite effect with some reduc
tion in dynamic range, but will raise the 
frequency response. The 2kn resistor value 
provides the near-ideal inter-stage loss for 
maximum RSSI linearity. C2 cen also be 
changed. The trade-off hare is between out
put damping and ripple. Most analog and 
digital metering methods will tend to cancel 
the effects of small or moderate ripple volt
ages through integration, but high ripple volt
ages should be avoided. 

A second op amp is used with an optional 
second filter. This filter has the advantage 01 
a low impedance signal source by virtue of 
the first op amp. Again, a trade-off exists 
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between meter damping and ripple attenua
tion. If very low ripple and low damping are 
both required, a more complex active low
pass filter should be constructed. 

Some applicetions of this circuit might in
clude: 

1. Portable acoustic analyzer 

2. Microphone tester 

3. Audio spectrum analyzer 

4. VU meters 

5. S-meter for direct conversion radio 
receiver 

6. Audio dynamic range testers 

7. Audio analyzers (THD, noise, separation, 
response, etc.) 
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DESCRIPTION 
The NE614 is a monolithic low power 
FM IF system incorporating two limiting 
intermediate frequency amplifiers, quad
rature detector, muting, logarithmic sig
nal strength indicator, and voltage regu
lator. The NE614 is available in a 16-
lead dual in-line plastic package and 16-
lead SO (surface-mounted miniature 
package). 

BLOCK DIAGRAM 

November 4, 1985 

NE614 
Low Power FM IF System 
Product Specification 

FEATURES 
• Low power consumption 
• Logarithmic signal strength 

Indicator 
• Separate data output 
• Audio output with muting 
• Low external count; suitable for 

crystal/ceramic filters 
• Excellent sensitivity 

APPLICATIONS 
• Cellular Radio FM IF 
• Communications receivers 
• Intermediate frequency 

amplification and detection up to 
15MHz 

• RF level meter 
• Spectrum analyzer 
• Instrumentation 
• Cordless telephone 
• Remote control 

4-201 

PIN CONFIGURATION 

N, D Packages 

IF AMP 
OECOUPLING 

MUTE INPUT 3 

ASSIOUTPUT 5 

AUD,O OUTPUT 6 

OAT A OUTPUT 7 

QUADRATURE 
INPUT • 

TOP v.£w 

IF AMP INPUT 

·IF AMP 
DECOUPLING 

tF AMP 
OUTPUT 

GND 

LIMITER 
INPUT 

LIMITER 
OECOUPI..INO 

10 LIMITER 
DECOUPLING 

, LIMITER 
OUTPUT 

853-0396 81127 
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ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

16-Pin Plastic DIP o to +70·C NE614N 

16-Pln Plastic so o to +70·C NE614D 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL 
., 

PARAMETER RATING UNIT 

Vcc MaXimum operating. voltage 9 V 

TSTG Storage temperature range -65 to +150 ·C 

TA Operating ambient temperature range 
NE614 o to +70 ·C 

DC ELECTRICAL CHARACTERISTICS TA - 25·C; Vee - +6V, unless otherwise stated. 

SYMBOL :: PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Vee Power supply voltage range 4.5 S.O V 

DC current drain 3.0 mA 

Mute switch input threshold 
(on) 1.7 V 
(off) 1.0 V 

ACELECTRICAL CHARACTERISTICS TA = 25·C; Vee = +6V, unless otherwise stated. RF frequency = 455kHz; RF 

SYMBOL PARAMETER 

Input limiting - 3dB 

AM rejection 

Recovered audio level 

Recovered data level 

SINADsensitivity 

THD Total harmonic distortion 

SIN Signal-Io-noise ratio 

IF input impedance 

IF output impedance 

Limiter input impedance 

Quadrature detector data 
output impedance 

Muted audio output impedance 

November 4, 19S5 

level- -47dBm; FM modulation = 1kHz with +SkHz peak deviation. Audio output with 
C-message weighted filter and de-emphasis capacitor. 

TEST CONDITIONS MIN TYP MAX UNIT 

Test at pin 16 -90 -so dBm 

SO% AM 1kHz 30 dB 

After C filter and so 100 mVRMS 
de-emphasis capacitor 

250 350 mVRMS 

RF level - 97dBm S 12 dB 

-35 dB 

No modulation 75 dB 

1.5 kn 

1.0 kn 

1.5 kn 

50 kn 

50 kn 
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TYPICAL APPLICATION 

kHz IF 

I 

BOO' .... 

TEST SETUP 
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NE 614 TEST CIRCUIT 

.---t--., Q = 20 LOADED 

YUTE Vee RSS! 
INPUT OUTPUT 

NOTES: 
C1 10nF +80-20% 63V K10000-Z5V Ceramic 
C2 100nF ± 10% SOV Polyester 
C3 100nF ± 10% SOV Polyester 
C4 100nF ± 10% SOY Polyester 
C5 100nF ± 10% SOV Polyester 
C6 10pF±2% 100V NPO Ceramic 
C7 100nF ± 1 0% SOV Polyester 
C8 100nF ± 10% SOY Polyester 
C9 15nF ± 10% 50V Polyester 
CIO 150pf±2% lOOV NI500 Ceramic 
C11 1nF±10% 100V K2000-Y5P Ceramic 
C12 6.S",F ± 20% 25V Tantalum 
F1 455kHz Ceramic Riter Murata SFG455A3 
F2 455kHz IF Filter A2549 
R1 5111± 1% 1/4W Metal Film 
R2 15000± 1% 1/4W Metal Film 
R3 1500n ± 5% 1/8W Carbon Composition 
R4 100kn±1% 1J4W Metal Film 

DESCRIPTION OF OPERATION 
The NE614 is comprised of five subsystems 
for IF signal processing. These subsystems, 
two IF limiting amplifiers, quadrature detector, 
audio mute, and logarithmic signal strength, 
can be configured to satisfy many high· 
performance or low power systems objec· 
tives. Internal temperature compensated bias 
regulation completes the circuitry. 

Figure 2 shows the equivalent circuits of the 
NE614. 

November 4, 1985 

Figure 1. NE614 Teat Circuit and Parts UBt 

Limiting Amplifiers 
The NE614 has two independent limiting IF 
amplifiers. The first has a typical gain of 
30dB. The second typically has 60dB gain. 
Both have 1.5k nominal input impedance and 
15MHz bandwidth. The output impedance of 
the first limiter is approximately 1 kn. These 
impedances permit direct interface with popu· 
lar ceramic filters such as the SFU455. On 
the surface, the 1 k output of the first limiter 
would not seem correct. However, approxi
mately 6dB insertion loss is required between 
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r --, 
L __ JFZ 

ICr 1 
":" ":" 

DATA 
OUTPUT 

limiter stages to optimize the linearity of the 
signal strength indicator. The impedance mis· 
match has little effect on passband. Use of an 
interstage filter reduces wide·band noise. A 
DC blocking capacitor or LlC filter can also 
be used. 

As the signal frequency increases, the 90dB 
total gain can become a source of instability. 
Figure 3 shows the limiters as a closed· loop 
system with stray capacitance and the equiv· 
alent AC input impedance setting the loop 
gain. 
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ADJUST FOR e dB INSERTION 
LOSS RELAnVE TO THE 1K 

SOURCE (PIN 14) AND THIUK LOAD (PIN 12) 
.--~-V-.., 

Figure 2. Equivalent Circuit 

CaTRAY 

...--------if-------, 
I I 

rr~ 
':" "':" ':" ":" ':" 

Figure 3. Considerations for Stability 
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The equivalent AC attenuation factor from the 
output to the input must be greater than 90dS 
or oscillation can occur. The input impedance 
of the device is nominally 1.5k. The stray 
layout capacitance is a frequency-dependent 
impedance so that as the frequency of opera
tion or the value of stray capacitance in
creases, the output-to-input attenuation fac
tor decreases. Keep stray capacitance low by 
using good RF layout technique. Sockets 
should be avoided above 455kHz. 

Good RF layout is the proper way to avoid 
instability. However, if system constraints re
quire, stability can be achieved by only using 
one of the limiting amplifiers, or by adding a 
resistance, R'N, which will increase the atten
uation factor. 

I 



Signetlcs Linear Products 

Low Power FM IF System 

Adding an input resistor is an easy way to 
reduce the attenuation factor, but may make 
correct termination of interstage filters difficult 
or impossible. At 455kHz instability should not 
be a problem if reasonable RF layout is used. 
Figure 4a indicates a 455kHz circuit configu
ration which should serve as a reasonable 
starting point for many applications. This 
circuit Is configured for 46/49MHz cordless 
telephone. 

Quadrature Detector 
The detector of the NE614 is a four quadrant 
multiplier of the Gilbert cell type. It can be 
used for frequency or amplitude demodula
tion. Figure 4b indicates a typical quadrature 
FM configuration. Fully limited in-phase Signal 

November 4, 1985 

... 

a. NE614 Application Circuit 

NEIl. I.F.INPUT "'VI (11IOOIl) 
I. 100 , . 10K -

AM (80"10 MOD) 

.. --~~--.--
-120 -100 -eo -eo -010 

NE812 RF INPUT (dim) (IOU) 

b. Typical Application Circuit Performance 

Figure 4 

is applied to the multiplier internally. 90· 
phase phase shift is accomplished with the LI 
C tuned circuit connected directly to Pin 8 and 
and capacitively to Pin 9. Because of the DC 
bias of the NE614, the phase shift network 
must be returned to ground through a low 
impedance capacitor. Recovered signal is 
continuously available at Pin 7 or on a 
switched basis at Pin 6. 
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TCO.26128 

'V 

3V 

2Y 

IV 

Table 1. System Parameters as 
Applied to Figure 4a 

tlw~ 211'*8kHz 

Wo - 211'*455kHz 

CP - 180pF 

RPU - 233K 

RPL * 40K 

LP - 644/lH 

Q .., 20 
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r;:--------, 
c, I QUAD TANK I 

Y'N>-i 11 I I 
RPL I TCP LP 

R·pul 

I I 
I 
I 

EQUAnON 

~~=---,--~~~~~----
RPLI IRPU (1 + J2Q:; ) + Iwe, 

Q = w, (RPLj I RPU) CP 

Am = PEAK DEVlAnON 

1010 = CENTER FREQUENCY 

Figure 5. General Equations 
For Quadrature Coli 

Your 

=-

The quadrature coil or crystal! ceramic dis
criminator affects three system parameters: 
Bandwidth, linearity, and detected Signal am
plitude. Figure 6 shows three quadrature 
curves. 

Curve A has the most narrow bandwidth and 
high peak-to-peak output versus frequency 
deviation corresponding to a high Q network. 
Curve C is very low Q with good linearity and 
shows how very large deviations can be 
processed. Curve B shows how the quadra-

MIXER 
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ture network can cause non-linearity in the 
detected output. A typical loaded Q for the 
455kHz quadrature coil of Figure 4 is 20. 
Using the test circuit of Figure 4 with an input 
of -47dBm, the recovered audio is typically 
90mVRMS with -35dB distortion. 

While the NE614 was designed principally for 
FM applications, the detector can be used for 
synchronous amplitude demodulation if the 
carrier is limited through the internal circuitry 
and AGC'd external to the device. The AGC'd 
signal is applied to Pin 8 instead of a quadra
ture signal. The signal strength indicator can 
control AGC. A low-pass filter on the output 
completes the demodulator. Figure 7 shows 
the equivalent circuit. 

RESONANCE 
--.... FREQUENCY-----.. 

OP01-460S 

Figure 6. Quadrature 

12 

NE614 

lOOK 

Figure 7. Synchronous AM Detection 
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NE614 

Audio Mute 
An electronic switch permits muting or squelch 
of one of the demodulated outputs. The data 
(unmuted output) and audio (muted output) 
both have 50kQ output impedance and their 
detected signals are 180 degrees out of phase 
with each other. The mute input (Pin 3) has a 
very high impedance and is compatible with 
three and five volt CMOS and TIL levels. lillie 
or no DC level shift occurs after muting when 
the quadrature detector is adjusted to the IF 
center frequency. Muting will attenuate the 
audio signal by more than 60dB and no voltage 
spikes will be generated by muting. 

Signal Strength Indicator 
The logarithmic signal strength indicator is a 
current source output with maximum source 
current of 50jlA. The signal strength indicator's 
transfer function is approximately 10l1A per 
20dB and is independent of IF frequency. The 
interstage filter must have a 6dB insertion loss 
to optimize slope linearity. 

>----4>---O~~~ 

TC02520S 

I 



Signetics Unear Products 

Low Power FM IF System 

21 

20 

11 

I: 10 

I 
! 0 I -& 

-10 

-15 

-20 

I-- oQ, ~ IV 

IV 
4V II" 

IV 

04070 

TEMPERATURE ('C) 
OPOT470S 

Figure 8. NE614 Indicated Gain 
va Temperature and Voltage 

34.5 

34.0 

83.& 

(' 33.0 

I :~ 
a: 31.0 
:Ii 
c 30.5 

30.0 

29.5 

29.0 

~ 

" 

o 

h 

" ........ 

40 70 

TEMPERATURE ('e) 
0Pa, .... 

Figure 10. NE614 AM Rejection va Temperature 

340 

* 
300 

~210 
Sao 
A. 

§ 240 
.c i 220 

200 

180 

180 

~ 
V 

~ 
~ 

o 40 70 
TEMPERATURE ('e) 

OP01G1" 

Figure 12. NE614 Data Output va Temperature 

November 4, 1985 4·208 

Product Specification 

73.' 

7U 

./ 

/ 
./;:f 

.72.4 ! I 

72.2 
o 40 70 

TEMPERATURE ('C) 

""'''',s 
Figure 9. NE814 Slgnal-To-NoIH 

RatIo va Temperature 

80 

75 

>"111 
...... ~ 

! 1./1"'" 
SII 

§80 V 
2 c I 
~55 

I 
I 

50 

45 i 
0 40 70 

TEMPERATURE ('C) 
CPO, ... 

NE614 

figure 11. NE614 Audio OUtput VB Temperature 

2 •• 

v~ 

/ 
~ 

2 .• 

2.4 

2.0 

1.' 

u 
o 40 70 

TEMPERATURE ('C) 

Figure 13. RSSI VB Temperature 



Signetics Linear Products 

Low Power FM IF System 

,. 1----+--1 

'.5V 

10 1----+--1 

40 70 
Tl!MPERATUIIE (0e) 

Figure 14. NE614 SINAD V8 Temperature and Vee 

87.5 

87.0 

1 ... 5 

i 81.0 

85.5 

.......... 
0....... r-..... 

:'" 

11.0 
04070 

TEMPERATUIIE (Oc) 

Figure 16. NE614 Muting va Temperature 

I.Z 

1.0 

4.8 

4.8 

£4.4 
14•z 

4.0 

3.8 

3.8 

3.4 

3.2 

:,... 
", 

;r 
./ 

o 40 70 
TEMPERATURE (0e) 

Figure 18. NE814 Large Signsl Uncompen88ted 
RSSI Voltage va Temperature 

November 4, 1985 4-209 

Product Specification 

2.8 

Z.O 

Vee·a.lv 

,.... 
Vee=I.OV 

r-- Vee' 4.SV 

o 40 
TEMPERATURE (Oc) 

NE614 

70 

"""..,. 
Figure 15. NE614 Supply Current VB Temperature 

-11.5 

-10.0 

-10.5 

1-11•0 

:!.-t'l.s 

§ -11.0 

~ -11.5 

-83.0 

-83.5 

-84.0 

" 'tI.. 
~ 

...... 

o 40 70 
TEMPERATURE (0C) 

""'".os 
Figure 17. NE614 limiting RF Level VB Temperature 

-41 

-41 

-43 L 
/ 

I 
I 

-44 

I 
.. -45 
l!: 

j 

b--" Id' 
-47 

-48 
o 40 70 

TEMPERATURE (0e) 
CPO, .... 

Figure 19. NE614 Total Harmonic 
DI8tortion V8 Temperature 

I 



Signetlcs . Linear Products 

Low Power FM IF System 

2.7 

2.8 

~ 2.5 
g 
~ 2.4 

11.3 
::l 2.2 

i 2.1 

2.0 

1.1 

I.5V 

--~ I.OY 

./"" 
,0- 4.5Y 

o 40 70 

TEMPERATURE ('C) 

OP01S11OS 

Figure 20. NE614 Supply Current 
VB Temperature and Voltage 

Noyember 4, 1985 

200 

110 

110 

~14O 
!. . 
ill 120 

I! 100 

10 

10 

40 

20 
0 

Product Specification 

40 70 

TEMPERATURE ('C) 
0P01600S 

NE614 

Figure 21. Small-Signal RSSI VB Temperature and Voltage 

4-210 



Signetics 

Linear Products 

NEjSE5539 
Ultra-High Frequency 
Operational Amplifier 
Product Specification 

DESCRIPTION FEATURES PIN CONFIGURATION 
The NE/SE5539 is a very wide band
width, high slew rate, monolithic opera
tional amplifier for use in video amplifi
ers, RF amplifiers, and extremely high 
slew rate amplifiers. 

Emitter-follower inputs provide a true 
differential high input impedance device. 
Proper external compensation will allow 
design operation over a wide range of 
closed-loop gains, both inverting and 
non-inverting, to meet specific design 
requirements. 

ORDERING INFORMATION 

• Gain bandwidth product: 1.2GHz 
at 17dB 

• Slew rate: 600/V jJS 

• Full power response: 48MHz 

• AVOL: 52dB typical 
• 350M Hz unity gain 

APPLICATIONS 
• Fast pulse amplifiers 
• RF oscillators 
• Fast sample and hold 
• High gain video amplifiers 

(BW> 20MHz) 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

14-Pin Plastic DIP o to +70·C NE5539N 

14-Pin Plastic SO o to +70·C NE5539D 

14-Pin Cerdip o to +70·C NE5539F 

14-Pin Plastic DIP -55·C to +125·C SE5539N 

14-Pin Cerdip -55·C to +125·C SE5539F 

ABSOLUTE MAXIMUM RATINGS1 

SYMBOL PARAMETER RATING UNIT 

Vcc Supply voltage ±12 V 

Po Internal power dissipation 550 mW 

TSTG Storage temperature range -65 to +150 ·C 

TJ Max junction temperature 150 ·C 

TA Operating temperature range 
NE o to 70 ·C 
SE -55 to +125 ·C 

TSOLO Lead temperature (10sec max) 300 ·C 

NOTE: 
t. Differential input voltage should not exceed O.25V to prevent excessive input bias current and 

common· mode voltage 2.5V. These voltage limits may be exceeded if current is limited to less 
than tOmA. 
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Ultra-High Frequency Operational Amplifier NE/SE5539 

EQUIVALENT CIRCUIT 

(12)FM!QUENCY COMP. 

(10) +Vcc 

(-114 

INGINPUT 

I 

NO 

V -J ~ (+)' ..... V IHNVl!RTING 
INPUT 

~ ~ I ~-
v 
..... 

r----o (I) OUTPUT 

UK 

(7)_ 

J -K 
...... 

~ 

(I}-Vee 

DC ELECTRICAL CHARACTERISTICS vee = ± 8V, T A = 25°C, unless otherwise specified. 

SE5539 NE5539 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min TYP Max Min Typ Max 

Over temp 2 5 
Vos Input offset voltage Vo - OV, Rs -100n mV 

TA - 25°C 2 3 2.5 5 

aVos/aT 5 5 p.VloC 

Over temp 0.1 3 
los Input offset current 

TA - 25°C 
!lA 

0.1 1 2 

alos/aT 0.5 0.5 nAloC 

Over temp 6 25 
Ie Input bias current 

TA = 25°C 
!lA 

5 13 5 20 

ale/aT 10 10 nAloC 

CMRR Common-mode rejection ratio F=1kHz, Rs.-100n, VCM ±1.7V 70 80 70 80 dB 

Over temp 70 80 dB 

RIN Input impedance 100 100 kn 

ROUT Output impedance 10 10 n 
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Ultra-High Frequency Operational Amplifier NE/SE5539 

DC ELECTRICAL CHARACTERISTICS (Continued) Vee - ± 8V, T A - 25°C, unless otherwise specified. 

SE5539 NE5539 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

RL - 150n to GND and + Swing +2.3 +2.7 
VOUT Output voltage swing 

470n to -Vee 
V 

-Swing -1.7 -2.2 

+ Swing +2.3 +3.0 
Over tamp V 

RL -2kn to -Swing -1.5 -2.1 
VOUT Output voltage swing 

GND + Swing +2.5 +3.1 
TA - 25°C V 

-Swing -2.0 -2.7 

Over temp 14 18 
lee + Positive supply current VO. 0, R,- 00 mA 

TA - 25°C 14 17 14 18 

Over temp 11 15 
lee- Negative supply current Vo=O, R,=oo mA 

TA - 25°C 11 14 11 15 II 
Over temp 300 1000 

PSRR Power supply rejection retia .o.Vee=±1V p.VlV 
TA = 25°C 200 1000 

AVOL Large signal voltage gain Vo - +2.3V, -1.7V 47 52 57 dB 
RL -ISOn to GND, 470n to -Vee 

AVOL Large signal voltage gain Vo - +2.3V, -1.7V 
dB 

RL-2n to GND TA - 2SoC 47 52 57 

Vo - + 2.5V, -2.OV Over temp 46 60 
AVOL Large signal voltage gain 

RL = 2kn to GND 
dB 

TA - 25°C 48 53 58 

DC ELECTRICAL CHARACTERISTICS Vee = ± 6V, T A - 25°C, unless otherwise specified. 

SE5539 
SYMBOL PARAMETER TEST CONDmONS UNIT 

Min Typ Max 

Over temp 2 5 
Vos Input offset veltage mV 

TA - 25°C 2 3 

Over temp 0.1 3 
los Input offset current 

TA - 25°C 
p.A 

0.1 1 

Over temp 5 20 
18 Input bias current 

TA - 25°C 
p.A 

4 10 

CMRR Common-mode rejection retio VCM = ± 1.3V, Rs - lOOn 70 85 dB 

Over temp 11 14 
lee+ Positive supply current mA 

TA - 25°C 11 13 

Over temp 8 11 
lee- Negative supply current mA 

TA - 25°C 8 10 

Over temp 300 1000 
PSRR Power supply rejection ratio .o.Vee =±1V p.VIV 

TA - 25°C 

+ Swing +1.4 +2.0 
Over temp 

-Swing RL -ISOn to GND -1.1 -1.7 
VOUT Output voltage swing 

and 390n to -Vee 
V 

+ Swing +1.5 +2.0 
TA = 25°C 

-Swing -1.4 -1.8 
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Ultra-High Frequency Operational Amplifier NE/SE5539 

AC ELECTRICAL CHARACTERISTICS Vee - ±8V, RL = 150n to GND & 470n to -Vcc, unless otherwise specified. 

SE5539 NE5539 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

BW Gain bandwidth product ACL = 7, Vo m 0.1 Vp.p 1200 1200 MHz 

Small-signal bandwidth AcL = 2, RL = 150n1 110 110 MHz 

Is Settling time AcL = 2, RL = 150n1 15 15 ns 

SR Slew rate AcL = 2, RL = 150n1 800 600 V/jJS 

tpD Propagation delay AcL = 2, RL = 150n1 7 7 ns 

Full power response AcL = 2, RL = 150n1 48 48 MHz 

Full power response Av-7, RL -150n1 20 20 MHz 

I nput noise voltage Rs=50n 4 4 nVlYHz 

NOTE: 
1. External compensation. 

AC ELECTRICAL CHARACTERISTICS Vee = ±6V, RL -150n to GND and 390n to -Vee, unless otherwise specified. 

SYMBOL PARAMETER 

BW Gain· bandwidth product 

Small-signal bandwidth 

Is Settling time 

SR Slew rate 

tpD Propagation delay 

Full power response 

NOTE: 
1. External compensstion. 

TYPICAL PERFORMANCE CURVES 

NE5539 Open-Loop Phase 

... HH-ttlltlP"+..!::HttHf--H+HI1IH 

360" .~_::-,-u.uu.L ...... "="J....l..WJ, ........ ,"-..L..J...L.LIJLW ..... 

OP0511OS 
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ACL=7 

AcL = 21 

AcL = 21 

AcL = 21 

ACL =21 

AcL =21 
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Min Typ Max 

700 

120 

23 

330 

4.5 

20 

NE5539 Open-Loop Gain 
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~~~~~~~~++~~ 
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40 

30 

2 • 
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MHz 
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Ultra-High Frequency Operational Amplifier NEjSE5539 

TYPICAL PERFORMANCE CURVES (Continued) 

Power Bandwidth (SE) 

....... 
\ 

31111. •• 
'\ 
.~ 

OMN(-:U \ - Vee - :t8V 

'\ 
RL -IKI.} 

, - ....... 

SE5539 Open-Loop Gain V8 Frequency 

,40 
• ~r-------------+---~~~----4------1 
!~~------~----~~----1 

'0 
Vee" :tty 
,·lail 

~L-__________ ~ ____________ ~~~~ ,.... ..... 
FREOUINCY .. CYCLES PER SICOND 

SE5539 Open-Loop Pha8e V8 Frequency 

I~Pj;:J I 
10... 100 MHz 

FREQUENCy .. CVQ.U PER IECON) 
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diaIributian -HaC!S TA:S; 12t5°C 
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Ultra-High Frequency Operational Amplifier NE/SE5539 

CIRCUIT LAYOUT 
CONSIDERATIONS 
As may be expected for an ultra-high frequen
cy, wide gain bandwidth amplifier, the physi-

CI'T1ONAL 
OFFSO' 

ADJ. 

cal circuit layout is extremely critical. Bread
boarding is not recommended. A double
sided copper-clad printed cirucit board will 
result in more favorable system operation. An 

example utilizing a 28dB non-inverting amp is 
shown in Figure 1. 

+v o---'lN.---<l -v 

• • 00 

•• 

NOTE: 
R, - 750 5% CARBON 
R, = 750 5% CARBON 
R, - 750 5% CARBON 
R, - a6k 5% CIIRBON 

Top Plane Copper1 
(Component Side) 

-v 
§ 0,0 +v 

Vi 00. Jb ~ 

00. ~ 0 

e.- .0 0 

'I 0 

§ 
NE55J9 • Vo 

w/comp. 

NOTE: 
Bond edges of top and bottom ground plane copper. 

v .. 

.. ., 
75 

., 
75 

NOTE: 
R. - 20k TRIMPOT (CERMET) 
RF - 1.5k (28dB GAIN) 
R. - 4700 5% CARBON 

Component Side 
(Component Layout) 

-!~~.:.~ ., 
"' +v 

~ (') , 
v .. tI X X c C.) 

. • • c , 
x', x 

•• ,h. 
X·\) r1 RF 
X AS \ • 

.. 
• v • ........ 

NOTES: 

NOTE: 
RFC 3T # 26 BUSSWIRE ON 
FERROXCUBE VK 200 09/3B CORE 
BYPI\SS CAPACITORS 
lnF CERAMIC 
(MEPCO OR EQUIV.) 

Bottom Plane 
Copperl 

(X) indicates ground connection to top plane. 
·Rs is on bottom side. 

Figure 1. 28dB Non-Inverting Amp Sample PC Layout 
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Ultra-High Frequency Operational Amplifier NEjSE5539 

NE5539 COLOR VIDEO 
AMPLIFIER '50 
The NE5539 wideband operational amplifier 
is easily adapted for use as a color video 
amplifier. A typical circuit is shown in Figure 2 
along with vector-scope 1 photographs show
ing the amplifier differential gain and phase 
response to a standard five-step modulated 
staircase linearity signal (Figures 3, 4 and 5). 
As can be seen in Figure 4, the gain varies 
less than 0.5% from the bottom to the top of 
the staircase. The maximum differential 
phase shown in Figure 5 is approximately 
+0.1°. 

The amplifier circuit was optimized for a 75S1 
input and output termination impedance with 
a gain of approximately 10 (20dB). 

NOTE: 
1. The input signal was 200mV and the output 2V. 

Vee was ±8V. 

Figure 3. Input Signal 

NOTE: 

V,N 

'5 +V 

1 __ actBLOSS-1 

75 

Figure 2. NE5539 Video Amplifier 

Flgure·4. Differential Gain < 0.5% 

75 

1. Instruments used for these measurements were Tektronix, 146 NTSC test signal generator, 520A NTSC vectorscope, and 1480 waveform monitor. 
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Figure 5. Differential Phase + 0.1 0 

APPLICATIONS 

+8V 

470 118 

87 

1K 2K 

.1.5pF 

Figure 6. Non-Inverting Follower 

+8V 

Figure 7. Inverting Follower 
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NE5539 DESCRIPTION 
The Signetics SE/NE5539 ultra-high frequen
cy operational amplifier is one of the fastest 
monolithic amplifiers made today. With a unity 
gain bandwidth of 350MHz and a slew rate of 
600VI p.s, it is second to none. Therefore, it is 
understandable that to attain this speed, 
standard internal compensation would have 
to be left out of its design. As a consequence, 
the op amp is not unconditionally stable for all 
closed-loop gains and must be externally 
compensated for gains below 17dB. Properly 
done, compensation need not limit slew rate. 
The following will explain how to use the 
methods available with the SE/NES539. 

LEAD AND LAG· LEAD 
COMPENSATION 
A useful method for compensating the device 
for closed-loop gains below seven is to use 
lag-lead and lead networks as shown in 
Figure 1. The lead network is primarily con
cerned with compensating for loss of phase 
margin caused by distributed board capaci
tance and input capacitance, while lag-lead is 
mainly for optimizing transient response. 
Lead compensation modifies the feedback 
network and adds a zero to the overall 
transfer function. This Increases the phase, 
but does not greatly change the gain magni
tude. This zero improves the phase margin. 

To determine components, it can be shown 
that the optimal conditions for amplifier stabil
ity occur when: 

(1) 

CLEAD 

CDtsT RF I LEAD 

r - -1I---+--JVIIo.--...... 

* 

NOTES: 
Cc -CLAG 
RL"" RLAG 

VOUT 

-= INVERTING 

AN140 
Compensation Techniques for 
Use With the SEjNE5539 
ApplicatIon Note 

However, when the stability criteria is ob
tained, it should be noted that the actual 
bandwidth of the closed-loop amplifier will be 
reduced. Based on using a double-sided cop
per-clad printed circuit board with a distribut
ed capacitance of 3.SpF and a unity gain 
configuration, ClEAD would be 3.SpF. Another 
way of stating the relationship between the 
distributed capacitance closed-loop gain and 
the lead compensation capacitor is: 

frequency. CLAG may now be approximated 

Rl 
ClEAD = CDIST

RF 
(2) 

When bandwidth is of primary concern, the 
lead compensation will usually be adequate. 
For closed-loop gains less than seven, lag
lead compensation is necessary for stability. 

If transient response is also a factor in design, 
a lag-lead compensation network may be 
necessary (Reference Figure 1). For practical 
applications, the following equations can be 
used to determine proper lag-lead compo
nents: 

RF 
---;;"7 (4) 
Rl/RLAG 

Therefore, 

RF 
RLAG<;;--- (S) 

7-RF/Rl 

Using the above equation will insure a closed
loop gain of seven above the network break 

COtS, RF 
r - -lr--+--'VII'v---1 

VOUT 

V'No----I.,!..I 

NON·INVERTING 
roo, ..... 

using:' 

271"(GBW) 
WLAG ~ --1-0- Rad/Sec 

7I"(GBW) 
WLAG = --S- Rad/Sec 

where 
1 

WLAG= 
(RLAG)(CLAG) 

therefore, 

7I"(GBW) _ 1 

S (RLAG)(CLAG) 

and 
S 

CLAG 
7I"RLAG(GBW) 

LAG-LEAD 
(GAIN 

o· 

c~:r~s:::.~~' 
GAIN PEAKIN':,I ~'~ 

GAIN 

-90' 
_1800 

PHASE \ 

1'-

\ 
70MHz 

a. Closed-Loop Inverting Gain of 
Seven Galn-Phaae Response 

(Uncompensated) 

o· 

-40 

'" • 
...... CO~PE,.sATEI 
~ 

-80 

-120 

I----UNCOMPENSATED~ 
-180 

-200 

-240 

-280 
1MHz 

7,'t-----= 
10MHz 100MHz 10Hz 

(6) 

(7) 

(8) 

(9) 

(10) 

Figure 1. Standard Lag-Lead Compensation 
b. Open-Loop Phase 

Figure 2 
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OUTPUT 
200mV 

p.p 
INPUT 1_ 

p.p 

SMALL SIGNAL RESPONSE 

'l_/DlV 

10111/DIV 

Figure 3. COl]lpensatad lUI1*' Response 

VOUT 

This method adds a pole and zero to the 
transfer function of the device, causing the 
actual open-loop gain and phase curve to be 
reshaped, thus creating a progressive im
provement above the critical frequency where 
phase changes rapidly. (Near 70MHz, see 
Figures 2a and 2b.) But also, the lag-lead 
network can be adjusted to optimize gain 
peaking for transient responses. Therefore, 
rise time, overshoot, and settling time can be 
changed for various closed-loop gains. The 
result of using this' technique is shown for a 
pulse amplifier in Frgure 3. 

cc 

VOUT 

VINo-~-+~ 

NON·INVERTING 

Figure 4. Pin 12 Compensation 

2K 

INVERTING NON-tNVERTlNG 

""""" Figure 5. Pulsa Response Teat Circuits 
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INPUT 

OUTPUT 

CRITICALLY DAMPED 

RISE TIME - 2.4n5 
Rc= 118ft-Cc =4.6pF 
PROPAGATION DELAY = 2.3n5 

(a) 

10nsJDIV 

UNDER DAMPED 

RISE TIME-2.1ns 
Rc = 200 - Cc = 5.4pF 
PROPAGATION DELAY = 2.3n5 

(b) 

100mVfDIV 

Figure 6. Small Signal Response - Non-Inverting 

INPUT 

OUTPUT 

CRITICALLY DAMPED 

RISE TIME - 5.3n5 
Rc "" 226ft - Cc = 2.3pF 
PROPAGATION DELAY = 5.1n5 

(a) 

10nslDIV 

UNDER DAMPED 

RISE TIME - 3.3ns 
Rc = 460 - Cc "" 2.0pF 
PROPAGATION DELAY = 4.5ns 

(b) 

100mVlDIV 

Figure 7. Small Signal Response - Inverting 

USING PIN 12 COMPENSATION 
An alternate method of external compensa
tion is obtained by use of the SE/NE5539 
frequency compensation pin. The circuits in 
Figure 4 show the correct way to use this pin. 
As can be seen, this method saves the use of 
one capacitor as compared to standard lag
lead and lead compensation as shown in 
Figure 1. 

But, most importantly, both methods are 
equally effective; i.e., a good wide-band am
plifier below 17dB, with control over ringing 
and overshoot. For example, inverting and 
non-inverting amplifier circuits using Pin 12 
are shown in Figure 5. The corresponding 
pulse response for each circuit is shown in 
Figures 6 and 7 for the network values 
recommended. As shown by the response 
photos, the overshoot and settling time can 
be controlled by adjusting Re and Ce. In 
damping the overshoot, rise time is slightly 

February 1987 

decreased. Also, the non-inverting configura
tion (Figure 6) gives a very fast response time 
compared to the inverting mode. 

cc 

Figure 8. Co Will Reduce Output 
Offset and Noise 

If it is important to reduce output offset 
voltage and noise, an additional capacitor, 
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Co, can be added in series with the resistor 
(Rd across the inputs. This should be a large 
value to block DC but not affect the benefits 
of the compensation components at high 
frequencies. A value of 0.01/1F as shown in 
Figure 8 is sullicient. 

INTERNAL CHARACTERISTICS 
OF THE SEINE5539 
In order to better understand the compensa
tion procedure, a detailed discussion of the 
amplifier follows. 

The complete amplifier schematic is shown in 
Figure 9. To clarify the effect of the compen
sation pin, the schematic is split into five main 
parts as shown in Figure 10. 

Each segment in Figure 10 is defined as 
follows; starting from the non-inverting input, 
Section A1 is the amplification from the input 
to the base of transistor 04. A2 is from the 
base of 04 to the summation point at the 
collector of 03. Furthermore, A3 represents 
the gain from the non-inverting input to the 
summation point via the common emitter side 
of 02 and 03. Finally, BF is the feedback 
factor of the positive feedback loop from the 
collector of 03 to the base of 04' 

From Figure 10, it can be seen that the total 
gain (AT) is; 

A1A2 
AT = ---+ A3(1 + BFA2) 

1 - (BFA2) 

Each term in this equation plays a role at 
different frequencies to determine the total 
transfer function of the device. Of particular 
importance is the pole in A3 (near 340M Hz) 
which causes a roll-off of 12dB/octave and 
loss of phase margin just before uni1y gain. 
This can be seen in the Bode plot in Figure 
11 a. To overcome this pole, a capacitor and 
resistor are connected as shown in Figures 
12a and 12b. The compensation pin is con
nected to the emitter of Os, which is in an 
emitter-follower configuration. Therefore, a 
reactance connected to Pin 12 acts essential
ly as if it were connected at the base of 05. 
Since the capacitor is connected here, it is 
now a component of BF and a zero is added 
to the transfer function. The resistor across 
the input pins controls overall gain and caus
es AT to cross OdB at a lower frequency; the 
capacitor in the feedback loop controls phase 
shift and gain peaking. 

To further explain, Bode plots of open-loop 
response using varying capacitor values and 
corresponding pulse responses are shown in 
Figures 13a through 131. The changes in gain 
and phase can readily be seen, as is the 
effect on bandwidth. 

I 
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COMPENSAnON 

10K lK lK 820 
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Figure 9. Complete Schematic of SE/NE5539 
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Figure 10. Internal SecUona 
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Compensation Techniques for Use With the SE/NE5539 AN140 

COMPUTER ANALYSIS 
The open-loop and pulse response plots 
were generated using an IBM 370 computer 
and SPICE, a general-purpose circuit simula
tion program. Each transistor in the part is 
mathematically modeled after actual device 
parameters, which were measured in the 
laboratory. These models are then combined 
with the resistors and voltage sources 
through node numbers so that the computer 
knows where each is connected. 

ii 
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b_ Closed-Loop Non-Inverting 
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OSCillation Is Evident) 

Figure 11 

To indicate the accuracy of this system, the 
actual open-loop gain is compared to the 
computer plots in Figures 14 and 15. The real 
payoff for this system is that once a credible 
simulation is achieved, any outside circuit can 
be modeled around the op amp. This would 
be used to check for feasibility before bread
boarding in the lab. The internal circuit can be 
treated like a black box and the outside circuit 
program altered to whatever application the 
user would like to examine. 
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Linear Products 

DESCRIPTION 
The NE5592 is a dual monolithic, two
stage, differential output, wideband vid
eo amplifier. It offers a fixed gain of 400 
without external components and an 
adjustable gain from 400 to 0 with one 
external resistor. The input stage has 
been designed so that with the addition 
of a few external reactive elements be
tween the gain select terminals, the 
circuit can function as a high-pass, low
pass, or band-pass filter. This feature 
makes the circuit ideal for use as a video 
or pulse amplifier in communications, 
magnetic memories, display, video re
corder systems, and floppy disk head 
amplifiers. 

ORDERING INFORMATION 

NE5592 
Video Amplifier 
Product Specification 

FEATURES 
• 120MHz bandwidth 
• Adjustable gain from 0 to 400 
• Adjustable pass band 
• No frequency compensation 

required 
• Wave shaping with minimal 

external components 

APPLICATIONS 
• Floppy disk head amplifier 

• Video amplifier 
• Pulse amplifier in 

communications 
• Magnetic memory 
• Video recorder systems 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

14-Pin Plastic DIP o to 70·e NE5592N 

14-Pin SO package o to 70·e NE5592D 

EQUIVALENT CIRCUIT 

r---~----~----~~--~------~----~--~+V 

t----t---::::::-::ri-i------+----........ ""'r-+..,...----t---o OUTPUT 1 

INPUT 1 
OUTPUT 2 

G 

On 

~--~----~------~ __________ ~ __ _4--_o-V 
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PIN CONFIGURATION 

D, N Packages 

I 
TOP VIEW 
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Signetics Unear Products Product Specification 

Video Amplifier NE5592 

ABSOLUTE MAXIMUM RATINGS TA - 25·C, unless otherwise specilied. 

SYMBOL PARAMETER RATING UNIT 

Vee Supply voltage ±8 V 

VIN Differential input voltage ±5 V 

VCM Common mode Input voltage ±6 V 

lOUT Output current 10 mA 

TA 
Operating temperature range o to +70 ·C 
NE5592 

TSTG Storage temperature range -65 to +150 ·C 
Po Power dissipation 500 mW 

DC ELECTRICAL CHARACTERISTICS TA - + 25·C, Vss s ± 6V, VCM - 0, unless otherwise specHied. Recommended 
operating supply voltage is Vs - ± 6.0V, and gain select pins are connected together. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNITS 

Min Typ Max 

Differential voltage gain RL = 2kn, VOUT = 3Vp.p 400 480 600 VIV 

RIN Input resistance 3 14 kO 

CIN Input capacitance 2.5 pF 

los Input offset current 0.3 3 /AA 
IBIAS Input bias current 5 20 /AA 

Input noise voltage BW 1kHz to 10MHz 4 nVlv'Hz 

VIN Input voltage range ±1.0 V 

CMRR Common-mode rejection ratio 
VCM ± tv, I < 100kHz 60 93 dB 
VCM ± tv, I a 5MHz 87 dB 

PSRR Supply voltage rejection ratio t.vs· ± 0.5V 50 85 dB 

Channel separation 
VOUT ~ tvp.p; I = 100kHz 

65 75 dB 
(output ralerenced) RL = 1 kO 

Vos 
Output offset voltage RL = co 0.5 1.5 V 

gain select pins open RL - co 0.25 0.75 V 

VCM Output common-mode voltage RL =00 2.4 3.1 3.4 V 

VOUT Output differential voHage swing RL=2kO 3.0 4.0 V 

ROUT Output resistance 20 0 

lee 
Power supply current 

RL = co 35 44 mA (total lor both sides) 
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Video Amplifier NE5592 

DC ELECTRICAL CHARACTERISTICS Vss = ± 6V, VCM = 0, O·C';; T A';; 70·C, unless otherwise specified. Recommended 
operating supply voltage is Vs = ± 6.0V, and gain select pins are connected together. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNITS 

Min Typ Max 

Differential voltage gain RL = 2kn, VOUT = 3Vp.p 350 430 600 VIV 

RIN I nput resistance 1 11 kn 

los I nput offset current 5 I1A 

ISlAS Input bias current 30 I1A 
VIN Input voltage range ±1.0 V 

CMRR Common-mode rejection ratio 
VCM ± 1V, f < 100kHz 

55 dB 
Rs=</> 

PSRR Supply voltage rejection ratio I!Ns= ± 0.5V 50 dB 

Channel separation 
VOUT = 1Vp_p; f = 100kHz 

75 dB 
(output referenced) RL = 1 kn 

Vos Output offset voltage 
gain select pins connected RL= "" 1.5 V 
together 
gain select pins open RL = "" 1.0 V 

VOUT Output differential voltage swing RL = 2kn 2.8 V 

Icc Power supply current 
(total for both sides) RL ="" 47 mA 

AC ELECTRICAL CHARACTERISTICS T A = + 25·C, Vss = ± 6V, VCM = 0, unless otherwise specified. Recommended 
operating supply voltage Vs = ± 6.0V. Gain select pins connected together. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNITS 

Min Typ Max 

BW Bandwidth VOUT = 1Vp_p 25 20 MHz 

tR Rise time 15 ns 

tpD Propagation delay VOUT= 1Vp_p 7.5 12 ns 
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Video Amplifier 

TYPICAL PERFORMANCE CHARACTERISTICS 
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Video Amplifier 

TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 
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Video Amplifier NE5592 

TEST CIRCUITS T A - 25°C, unl~ss otherwise specified. 
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DESCRIPTION 
The NE/SE592 is a monolithic, two
stage, differential output, wideband vid
eo amplifier. It offers fixed gains of 100 
and 400 without external components 
and adjustable gains from 400 to 0 with 
one external resistor. The input stage 
has been designed so that with the 
addition of a few external reactive ele
ments between the gain select termi
nals, the circuit can function as a high
pass, low-pass, or band-pass filter. This 
feature makes the circuit ideal for use as 
a video or pulse amplifier in communica
tions, magnetic memories, display, video 
recorder systems, and floppy disk head 
amplifiers. Now available in an B-pin 
version with fixed gain of 400 without 
external components and adjustable 
gain from 400 to 0 with one external 
resistor. 

EQUIVALENT CIRCUIT 

NE/SE592 
Video Amplifier 
Product Specification 

FEATURES 
• 120MHz bandwidth 
• Adjustable gains from 0 to 400 
• Adjustable pass band 
• No frequency compensation 

required 
• Wave shaping with minimal 

external components 

APPLICATIONS 
• Floppy disk head amplifier 
• Video amplifier 
• Pulse amplifier In 

communications 
• Magnetic memory 
• Video recorder systems 

r---~----~------~--~------~~----~-o.v 

t----+~~~r-r_-----t----~~~~----+_~O~P~t 

INPUT t 

OUTPUT 2 

~--~----~------~~--------~----~-O-V 
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PIN CONFIGURATIONS 

D, F, N Packages 

INPUT 2 1 INPUT 1 

NC 

G2A GAIN 
SELECT 

11 :~te6~IN 
y. 

OUTPUT2 7 

TOP VIEW 

H Packsge· 

INPUT 2 

~EtJ O~PUTt 

V-

NOTES: 
Pin 5 connected to case. 
-Metal cans (H) not recommended for new designs. 

D, F, N, Packages 

INPUT 200' INPUT t 

G~'L.O:J~ 2 7 ~~t~N 
v- 3 8 V+ 

OUTPUT 2 4 5 OUTPUT t 

TOP VIEW 

853-0911 86387 
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Video Amplifier 

ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

14-Pin Plastic DIP o to +70·C NE592N14 

14-Pin Cerdip o to +70·C NE592F14 

14-Pin Cerdip -55·C to + 125·C SE592F14 

14-Pin SO o to +70·C NE592D14 

B-Pin Plastic Dip o to +70·C NE592NB 

B-Pin Cerdip -55·C to +125·C SE592FB 

B-Pin SO o to +70·C NE592DB 

10-Lead metal can o to +70·C NE592H 

10-Lead metal can -55·C to + 125·C SE592H 

NOTE: 
Also N8, N14, 08 and 014 package parts available in "High" gain version by adding "H" before package 
designation, as: NE592H08. 

ABSOLUTE MAXIMUM RATINGS TA - +25·C, unless otherwise specified. 

SYMBOL PARAMETER RATING UNIT 

Vcc Supply voltage ±B V 

VIN Differential input voltage ±5 V 

VCM Common-mode input voltage ±6 V 

lOUT Output current 10 rnA 

TA Operating temperature range 
SE592 -5510 +125 ·C 
NE592 o to +70 ·C 

TSTG Storage temperature range -65 to +150 ·C 

Po Power dissipation 500 mW 
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Signetics Linear Products Product Specification 

Video Amplifier NE/SE592 

DC ELECTRICAL CHARACTERISTICS TA=+25°C, Vss=±6V, VCM=O, unles!! otherwise specified. Recommended 
operating supply voltages Vs = ± 6.0V. All specifications apply to both standard and 
high gain parts unless noted differently. 

NE592 SE592 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

AVOL Differential voltage gain, 
standard part 

Gain 11 RL = 2kSl, VOUT = 3Vp.p 250 400 600 300 400 500 VIV 
Gain 22,4 80 100 120 90 100 110 VIV 

High gain part 400 500 600 VIV 

RIN Input resistance 
Gain 11 4.0 4.0 kSl 
Gain 22,4 10 30 20 30 kSl 

CIN Input capacitance2 Gain 24 2.0 2.0 pF 

los Input offset current 0.4 5.0 0.4 3.0 IIA 

IBIAS Input bias current 9.0 30 9.0 20 IIA 
VNOISE Input noise voltage BW 1kHz to 10MHz 12 12 ,NRMS 

VIN Input voltage range ±1.0 ±1.0 V 

CMRR Common-mode rejection ratio 
Gain 24 VCM± lV, f < 100kHz 60 86 60 86 dB 
Gain ~ VCM±lV, f=5MHz 60 60 dB 

PSRR Supply voltage rejection ratio 
Gain 24 t:.v S = ± 0.5V 50 70 50 70 dB 

Vos Output offset voltage 
Gain 1 RL - 00 1.5 1.5 V 
Gain 24 RL =00 1.5 1.0 V 
Gain 33 RL = 00 0.35 0.75 0.35 0.75 V 

VCM Output common-mode voltage RL =00 2.4 2.9 3.4 2.4 2.9 3.4 V 

VOUT Output voltage swing RL=2kSl 3.0 4.0 3.0 4.0 V 
differential 

ROUT Output resistance 20 20 Sl 

Icc Power supply current RL= 00 18 24 18 24 rnA 

NOTES: 
1. Gain select Pins G1A and G1B connected together. 
2. Gain select Pins G2A and G2B connected together. 
3. All gain select pins open. 
4. Applies to 10- and 14·pln versions only. 
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Signetlcs Linear Products Product Specification 

Video Amplifier NEjSE592 

DC ELECTRICAL CHARACTERISTICS Vss=±6V, VCM-O, 0·C"-;;TA"-;;70·C for NE592; -55·C"-;;TA"-;;125·C for SE592,. 
unless otherwise specified. Recommended operating supply voltages Vs = ± 6.0V. All 
specifications apply to both standard and high gain parts unless noted differently. 

NE592 SE592 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

AVOL Differential voltage gain, 
standard part 

Gain l' RL = 2k!2, VOUT - 3Vp.p 250 600 200 600 VIV 
Gain 22,4 80 120 80 120 VIV 

High gain part 400 500 600 VIV 

RIN Input resistance 
Gain ~,4 8.0 8.0 k!2 

los Input offset current 6.0 5.0 IlA 

IBIAS Input bias current 40 40 IlA 
VIN Input voltage range ±1.0 ±1.0 V 

CMRR Common-mode rejection ratio 
Gain 24 VCM± 1V, f < 100kHz 50 50 dB 

PSRR Supply voltage rejection ratio 
Gain ~ I!Ns= ±0.5V 50 50 dB 

Vos Output offset voltage 
Gain 1 RL = 00 1.5 1.5 V 
Gain ~ RL = 00 1.5 1.2 V 
Gain 33 RL = 00 1.0 1.0 V 

VOUT 
Qutput voltage swing 

RL=2k!2 2.8 2.5 V 
differential 

Icc Power supply current RL = 00 27 27 rnA 

NOTES: 
1. Gain select Pins G'A and G'B connected together. 
2. Gain select Pins G2A and G2B connected together. 
3. All gain select pins open. 
4. Applies to 14-pin version only. 

AC ELECTRICAL CHARACTERISTICS TA = +25·C, Vss = ±6V, VCM = 0, unless otherwise specified. Recommended 
operating supply voltages Vs = ± 6.0V. All specifications apply to both standard and 
high gain parts unless noted differently. 

NE592 SE592 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

BW Bandwidth 
Gain l' 40 40 MHz 
Gain 22,4 90 90 MHz 

tR Rise time 
Gain l' VOUT= 1Vp_p 10.5 10.5 ns 
Gain 22,4 4.5 12 4.5 10 ns 

tpo Propagation delay 
Gain l' VOUT= 1Vp_p 7.5 7.5 ns 
Gain 22,4 6.0 10 6.0 10 ns 

NOTES. 
1. Gain select Pins G'A and G'B connected together. 
2. Gain select Pins G2A and G2B connected together. 
3. All gain select pins open. 
4. Applies to 10- and 14-pln versions only. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 
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TYPICAL APPLICATIONS 

NOTE: 
vo(s) 

V,(s) 

1.4 X 104 

"'--Z(s) + 2r. 

1.4 X 10' 
"'--Z(s) + 32 

AMPl.ITUDI: 
FREQueNCY: 47pFd 

-I 

DfIINflINTIATOIt/.Mpt,lPllfi 

v, 

Basle Configuration 

.1 

ZlRO Cft08.,NO DETECTOR 

Dise/Tape Phase-Modulated Readbaek Systems 
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Signetics Linear Products Product Specification 

Video Amplifier NEjSE592 

FILTER NETWORKS 

ZNETWORK FILTER Vo Ie) TRANSFER 
TYPE V1 Ie) FUNCTION 

• L 1.4 ><10' [~+1R/~J ~ LOW PASS ---
L 

• c 
1.4><10' ~-'-J a ....... Ir---o HIGH PASS 

R s+lIRC 

• L C 
1.4><10"[ • J ~I--o BAND PASS 

L 02 + R/L s + 1/LC 

L 

~ BAND REJECT 
1.4 ><104[ 02+ lILC ] 

R 02 + l/LC + slRC I 
NOTE: 
In the netwcwks above, the R value used is assumed to Include 2ra. or approximately 32n. 

November 6, 1966 4-239 
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VIDEO AMPLIFIER PRODUCTS 
NE/SE592 Video Amplifier 
The 592 is a two-stage differential output, 
wide-band video amplnier with voltage gains 
as high as 400 and bandwidths up to 
120MHz. 

Three basic gain options are provided. Fixed 
gains of 400 and 100 result from shorting 
together gain select pins GIA - Gl Band 
G2A - G2B, respectively. As shown by Figure 
1, the emitter circuits of the differential pair 
return through independent current sources. 
This topology allows no gain in the input 
stage if all gain select pins are left open. 
Thus, the third gain option of tying an external 
resistance across the gain select pins allows 
the user to select any desired gain from 0 to 
400V IV. The advantages of this configuration 
will be covered in greater detail under the 
filter application section. 

Three factors should be pointed out at this 
time: 

1. The gains specified are differential. Single
ended gains are one-half the stated value. 

2. The circuit 3dB bandwidths are a function 
of and are inversely proportional to the gain 
settings. 

3. The differential input impedance is an in-
verse funclion of the gain setting. 

In applications where the Signal source is a 
transformer or magnetic transducer, the input 
bias current required by the 592 may be 
passed directly through the source to ground. 
Where capacitive coupling is to be used, the 
base inputs must be returned to ground 
through a resistor to provide a DC path for the 
bias current. 

Due to offset currents, the seleclion of the 
input bias resistors is a compromise. To 
reduce the loading on the source, the resis
tors should be large, but to minimize the 
output DC offset, they should be 
small- ideally on. Their maximum value is 
set by the maximum allowable output offset 
and may be determined as follows: 

1. Define the allowable output offset (assume 
1.5V). 

February 1987 

AN141 
Using the NEjSE592 Video 
Amplifier 
Application Note 

2. Subtract the maximum 592 output offset 
(from the data sheet). This gives the output 
ollset allowed as a function of input offset 
currents (1.5V - 1.0V - 0.5V). 

3. Divide by the circuit gain (assume 100). 
This refers the output offset to the input. 

4. The maximum input resistor size is: 

R Input Offset Voltage 

MAX - Max Input Offset Current (1) 

0.005V 

5/lA 

= 1.00kn 

Of paramount Importance during the design 
of the NE592 device was bandwidth. In a 
monolithic device, this precludes the use of 
PNP transistors and standard level-shifting 
techniques used in lower frequency devices. 
Thus, without the aid of level shifting, the 
output common-mode voltage present on the 
NE592 is typically 2.9V. Most applications, 
therefore, require capacitive coupling to the 
load. An exception to the rule is a differential 
amplifier with an input common-mode range 
greater than + 2.9V as shown in Figure 2. In 
this circuit, the NE592 drives a NE511 B 
transistor array connected as a differential 
casoode amplifier. This amplifier is capable of 
differential output voltages of 48Vp_p with a 
3dB bandwidth of approximately 10MHz (de
pending on the capacitive load). For optimum 
operation, R1 is set for a no-signal level of 
+ 18V. The emitter resistors, RE, were select
ed to give the casoode amplifier a differential 
gain of 10. The gain of the composite amplifi
er is adjusted at the gain selected point of the 
NE592. 

Filters 
As mentioned earlier, the emitter circuit of the 
NE592 includes two current sources. 

Sinca the stage gain is calculated by dividing 
the collector load impedance by the emitter 
impedance, the high impedance contributed 
by the current sources causes the stage gain 
to be zero with all gain select pins open. As 
shown by the gain vs. frequency graph of 
Figure 3, the overall gain at low frequencies is 
a negative 48dB. 

Higher frequencies cause higher gain due to 
distributed parasitic capacitive reactance. 
This reactance in the first stage emitter circuit 
causes increasing stage gain until at 10MHz 
the gain is OdB, or unity. 

Referring to Figure 4, the impedance seen 
looking across the emitter structure includes 
small r e of each transistor. 

Any calculations of impedance networks 
across the emitters then must include this 
quantity. The collector current level is approx
imately 2mA, causing the quantity of 2 r. to 
be approximately 320. Overall device gain is 
thus given by 

Vo(s) _ 1.4 X 104 

VIN(S) Z(S) + 32 
(2) 

where Z(S) can be resistance or a reactive 
impedance. Table 2 summarizes the possible 
configurations to produce low, high, and 
bandpass filters. The emitter impedanca is 
made to vary as a function of frequency by 
using capacitors or inductors to alter the 
frequency response. Included also in Table 2 
is the gain calculation to determine the volt
age gain as a function of frequency. 

Table 1. Video Amplifier Comparison File 

PARAMETER NE/SE592 733 

Bandwidth (MHz) 120 120 

Gain 0,100,400 10,100,400 

RIN (k) 4-30 4-250 

Vp_p (Va) 4.0 4.0 

4·240 
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y+ 

al, 

oz. 

v-

NOTE: 
All resistor values are in ohms. 

Figure 1. 592 Input Structure 
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V, 

\ 
\ 

"""' ... 
Figure 3. Voltage Gain as a Function 

or Frequency (All Gain Select 
Pins Open) 

Differentiation 
With the addition of a capacitor across the 
gain select terminals, the NE592 becomes a 
differentiator. The primary advantage or using 
the emitter circuit to accomplish differentia
tion is the retention of the high common 
mode noise rejection. Disc file playback sys
tems rely heavily upon this common-mode 
rejection for proper operation. Figure 5 shows 
a differential amplifier configuration with 
transfer function. 

Disc File Decoding 
In recovering data from disc or drum files, 
several steps must be taken to precondition 

February 1987 

+30V 

~--------------~~~Io~~ 

I~~PEAK 

-IV 

TCIOOSOS 

NOTE: 
AU resistor values are in ohms. 

Figure 2. Video Amplifier With High Level Differential Output 

Table 2. Filter Networks 

Z NETWORK 
FILTER Vo(s) TRANSFER 
TYPE Vl(S) FUNCTION 

LOW 1.4 X 104 

[s + ~/L] " L PASS -----
~ L 

""77OS 

" c HIGH 1.4 X 104 

[S+~/RC] ~I 0 PASS -----
R 

""_ 
BAND 1.4 X 104 

[s2 + R/L: + l/LC ] " L C PASS -----
~~ L 

""'''''' 

~ 
BAND 1.4 x 104 [ s2+ tlLC ] REJECT -----

s2 + llLC + s/RC R 

..".,&os 

NOTE: In the networks above. the R value used J8 assumed to Include 2 ret or approximately 320. 

the linear data. The NE592 video amplifier, 
coupled with the 8T20 bidirectional one-shot, 
provides all the signal conditioning necessary 
for phase-encoded data. 

When data is recorded on a disc, drum or 
tape system, the readback will be a Gaussian 
shaped pulse with the peak of the pulse 
corresponding to the actual recorded transi-

4-241 

tion point. This read back signal is usually 
500/LVp.p to 3mVp.p for oxide coated disc 
files and 1 to 20mVp.p for nickel-cobalt disc 
files. In order to accurately reproduce the 
data stream originally written on the disc 
memory, the time of peak point of the Gauss
ian readback signal must be determined. 
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v, 

NOTE: 
v.(s) ~ 1.4 X 10' 

V,(s) Z(s) + 2 .. 

1.4 X 104 

Z(s) + 32 

.s 

2 .. 

-s 

Figure 4. Basic Gain Configuration 
for NE592, N14 

The classical approach to peak time determi
nation is to differentiate the input signal. 
Differentiation results in a voltage proportion
al to the slope of the input signal. The zero
crossing point of the differentiator, therefore, 
will occur when the input signal is at a peak. 
Using a zero-crossing detector and one-shot, 
therefore, results in pulses occurring at the 
input peak points. 

A circuit which provides the preconditioning 
described above is shown in Figure 6. Read-

.. 
O.hF 

V, T v. 

... r 
NOTES: 
For frequency F1 < < 1/271'(32)C 

d,,; 
Vo::!!!1.4 X 104C'dT 

All resistor values are In oMlI~. 

"""''''' 

Figure 5. Differential With High 
Common-Mode Noise Rejection 

back data is applied directly to the input of the 
first NE592. This amplifier functions as a 
wide-band AC-coupled amplifier with a gain of 
100. The NE592 is excellent for this use 
because of its high phase linearity, high gain 
and ability to directly couple the unit with the 
readback head. By direct coupling of read
back head to amplifier, no matched terminat
ing resistors are required and the excellent 
common-mode rejection ratio of the amplifier 
is preserved. DC components are also reject-

Application Note 

AN141 

ed because the NE592 has no gain at DC due 
to the capacitance across the gain select 
terminals. 

The output of the first stage amplifier is 
routed to a linear phase shift low-pass filter. 
The filter is a single-stage constant K filter, 
with a characteristic impedance of 200U. 
Calculations for the filter are as follows: 

where 
R = characteristic impedance (U) 

C=Ywc 

where 
w c - cut-off frequency (radians/sec) 

The second NE592 is utilized as a low noise 
differentiator/amplifier stage. The NE592 is 
excellent in this application because it allows 
differentiation with excellent common-mode 
noise rejection. 

The output of the differentiator / amplifier is 
connected to the 8T20 bidirectional monosta
ble unit to provide the proper pulses at the 
zero-crossing points of the differentiator. 

The circuit in Figure 8 was tested with an 
input signal approximating that of a readback 
signal. The results are shown in Figure 8. 

..... 
r---~----------------------------~~-----JYnn---__ ~ ____________ o~v 

.m. 
r---t--------------------------4~----~~~----_+--_+--------__o~v 

~.Olj/F 

NOTE: 

X100AC 
PRE·AMPLIFIER 

All resistor values are in ohms 
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LINEAR PHASE 
LOW PASS FILTeR 

DIFFERENnATOR 

8T20 

CLR 

a!--...... -=--o 
DIGITAL 
OUTPUTS 

01--------0 

INDiRECTIONAL 
ONE-8HOT 

Figure 6. 5MHz Phese-Encoded Data Reed Circuitry 
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lOJ.lF 
o-jl--..-------1 

+ 

51 

51 

0.1 

lK 

NOTE: 
All resistor values are in ohms 

Automatic Gain Control 
The NE592 can also be connected in con
junction with a MC1496 balanced modulator 
to form an excellent automatic gain control 
system. 

The signal is fed to the signal input of the 
MC1496 and RC-coupled to the NE592. Un
balancing the carrier input of the MC1496 
causes the signal to pass through unattenuat
ed. Rectifying and filtering one of the NE592 
outputs produces a DC signal which is pro
portional to the AC signal amplitude. After 
filtering; this control signal is applied to the 
MC1496 causing its gain to change. 

February 1987 
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Figure 7. Wide-Band AGe Amplifier 

4-243 

Application Note 

AN141 

+6V 

rO.l "F 

3.3K 

lK 

":" • 
-6V 



Signetics Unear Products 

Using the NEjSE592 Video Amplifier 

February 1987 

'" V V \. II v V iV \. 

1\ /I, r"\ 
Ii " I I il II J 

~ " " lflii"" Y ~ I" ilflll"" 

TIllE BASE2IIOno/DIV. 

~ lH'I ~ 1\,f I 
11 [J g\ [J u '{' 

""I ~ 

TlMEBASE2CIOna/~ 

I~ 

I r n " r J' J J V 
""'" 

J U U 
II I'" 

I I I I J I 
I I I I 1 .I 

TIME BASE 2CIOno/DIV. 

/ 
I 

r"I 

PRNMPLIFIER OUTPUT 
lOOmV/DIV. 

DlFFERENTIAlOR 
2IIOmV/DIV. 

PRIMP AND DlFFERENTIA10R 
SUPER'_D 

BOTH 2OOmV/DlY. 

I",. 

\.,oj 

DlFFEREHTIA10R 
2IIOmV/D", 

IIT2D Q OUTPUT 
2V/DIV. 

Figure 8. Test Results of Disc File Decoder Circuit 

4-244 

Application Note 

AN141 



SigneHcs pA733j733C 
Differential Video Amplifier 

Linear Products 

DESCRIPTION 
The 733 is a monolithic differential input, 
differential output, wide-band video am
plifier. It offers fixed gains of 10, 100, or 
400 without external components, and 
adjustable gains from 10 to 400 by the 
use of an external resistor. No external 
frequency compensation components 
are required for any gain option. Gain 
stability, wide bandwidth, and low phase 
distortion are obtained through use of 
the classic series-shunt feedback from 
the emitter-follower outputs to the inputs 
of the second stage. The emitter-follow
er outputs provide low output imped
ance, and enable the device to drive 
capacitive loads. The 733 is intended for 
use as a high-performance video and 
pulse amplifier in communications, mag
netic memories, display and video re
corder systems. 

ORDERING INFORMATION 

Product Specification 

FEATURES 
• 120MHz bandwidth 
• 250kn Input resistance 
• Selectable gains of 10, 100, and 

400 
• No frequency compensation 

required 
• MIL-STD-883A, B, C available 

APPLICATIONS 
• Video amplifier 
• Pulse amplifier In 

communications 
• MagnetiC memories 
• Video recorder systems 

DESCRIPTION TEMPERATURE ORDER CODE 

14-Pin Ceramic DIP -55·C to +125·C jiA733F 

14-Pin PlasUc DIP -55·C to + 125·C 1lA733N 

14-Pin Plastic DIP o to +70·C jiA733CN 

14-Pin Ceramic DIP o to +70·C 1lA733CF 

CIRCUIT SCHEMATIC 

PIN CONFIGURATION 

F, N Packages 

TOP VIEW 

'---~------~----~----~---1----~-OY+ 

December 2, 1988 

INPUT 1 

GAIN 
SELECT 

{
G tA 

G2. 

+---f-oOUTPUT 1 

OUTPUTZ 

4-245 853-1064 86704 
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Differential Video Amplifier 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

VOIFF Differential input voltage 

VCM Common-mode input voltage 

Vee Supply voltage 

lOUT Output current 

TJ Junction temperature 

TSTG Storage temperature range 

TA Operating ambient temperature range 
j.tA733C 
j.tA733 

PMAX Maximum power dissipation' 
25'C ambient temperature (still-air) 

F package 
N package 

NOTE: 
,. The following derating factors should be applied above 25'C: 

F package at 9.5mW /'C 
N package at 11.4mW I'C. 

Product Specification 

p.A733/733C 

RATING UNIT 

±5 V 

±6 V 

±8 V 

10 rnA 

+150 'c 
-65 to +150 'c 

o to +70 'c 
-55 to +125 'c 

1190 mW 
1420 mW 

DC ELECTRICAL CHARACTERISTICS T A = + 25'C, Vs - ± 6V, VCM = 0, unless otherwise specilied. Recommended 
operating supply voltages Vs - ± 6.0V. 

"",733C "",733 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Differential voltage gain RI = 2kn, VOUT - 3Vp.p 
Gain 12 250 400 600 300 400 500 VIV 
Gain 22 80 100 120 90 100 110 VIV 
Gain 33 8 10 12 9 10 11 VIV 

BW Bandwidth 
Gain l' 40 40 MHz 
Gain 22 90 90 MHz 
Gain 33 120 120 MHz 

tR Rise time VOUT= 1Vp.p 
Gain l' 10.5 10.5 ns 
Gain 22 4.5 12 4.5 10 ns 
Gain 33 2.5 2.5 ns 

tpo Propagation delay VOUT= 1Vp.p 
Gain 11 7.5 7.5 ns 
Gain 22 6.0 10 6.0 10 ns 
Gain 33 3.6 3.6 ns 

RIN Input resistance 
Gain 12 4.0 4.0 kn 
Gain 22 10 30 20 30 kn 
Gain 33 250 250 kn 

Input capacHance2 Gain 2 2.0 2.0 pF 

los Input offset current 0.4 5.0 0.4 3.0 j.tA 

IBIAS Input bias current 9.0 30 9.0 20 j.tA 

VNOISE Input noise voltage BW - 1 kHz to 10MHz 12 12 ",VRMS 

VIN Input voltage range t1.0 t1.0 V 

CMRR Common-mode rejection ratio 
Gain 2 VCM-±1V,I<O;100kHz 60 86 60 88 dB 
Gain 2 VCM-±1V,1=5MHz 60 60 dB 

SVRR Supply voltage rejection ratio aVs-±0.5V 50 70 50 70 dB 
Gain 2 
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DC ELECTRICAL CHARACTERISTICS (Continued) TA = + 25°C, Vs = ± 6V, VCM = 0, unless otherwise specified. 
Recommended operating supply voltages Vs = ±6.0V. 

/lA733C /lA733 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Output offset voltage RL = 00 

Gain 11 0.6 1.5 0.6 1.5 V 
Gain 2 and 32, 3 0.35 1.5 0.35 1.0 V 

VCM Output common-mode voltage Rl = 00 2.4 2.9 3.4 2.4 2.9 3.4 V 

Output voltage swing, differential Rl =2kn 3.0 4.0 3.0 4.0 Vp.p 

ISINK Output sink current 2.5 3.6 2.5 3.6 rnA 

ROLrr Output resistance 20 20 n 

Icc Power supply current Rl = 00 18 24 18 24 rnA 

THE FOLLOWING SPECIFICATIONS APPLY OVER TEMPERATURE O°C ':;;TA ':;;70°C -55°C ':;;TA':;; 125°C 

Differential voltage gain RI = 2kn, VOUT = 3Vp.p 
Gain 11 250 600 200 600 VIV I 
Gain 22 80 120 80 120 VIV 
Gain3 8 12 8 12 VIV 

RIN Input resistance 
Gain ~ 8 8 kn 

los Input offset current 6 5 p.A 

IBIAS Input bias current 40 40 p.A 

VIN Input voltage range ±1.0 ± 1.0 V 

CMRR Common-mode reiection ratio 
Gain 2 VCM = ±V, F':;; 100kHz 50 50 dB 

SVRR Supply voltage rejection ratio 
Gain 2 tiNs = ±0.5V 50 50 dB 

Vos Output offset voltage RL = 00 

Gain 11 1.5 1.5 V 
Gain 2 and 32, 3 1.5 1.2 V 

VOIFF Output voltage swing, differential Rl =2kn 2.8 2.5 Vp_p 

ISINK Output sink current 2.5 2.2 rnA 

Icc Power supply current Rl±oo 27 27 mA 

NOTES: 
1. Gain select pins GIA and G1B connected together. 
2. Gain select pins G2A and G2B connec1ed together. 
3. All gain select pins open. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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Differential Video Amplifier p.A733/733C 

TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 
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Signetics 

Linear Products 

DESCRIPTION 

NE5517/5517A 
Dual Operational 
Transconductance Amplifier 
Preliminary Specification 

FEATURES PIN CONFIGURATION 
The NE5517 contains two current-con- • Constant impedance buffers 
trolled transconductance amplifiers, 
each with a differential input and push
pull output. The NE5517 offers signifi
cant design and performance advan
tages over similar devices for all types of 
programmable gain applications. Circuit 
performance is enhanced through the 
use of linearizing diodes at the inputs 
which enable a 10dB signal-to-noise im
provement referenced to 0.5% THO. 
The NE5517 is suited for a wide variety 
of industrial and consumer applications 
and is recommended as the preferred 
circuit in the Dolby' HX (Headroom Ex
tension) system. 

Constant impedance buffers on the chip 
allow general use of the NE5517. These 
buffers are made of Darlington transistor 
and a biasing network which changes 
bias current in dependence of IABC. 

Therefore, changes of output offset volt
ages are almost eliminated. This is an 
advantage of the NE5517 compared to 
LM13600. With the LM13600, a burst in 
the bias current IABC guides to an audi
ble offset voltage change at the output. 
With the constant impedance buffers of 
the NE5517 this effect can be avoided 
and makes this circuit preferable for high 
quality audio applications. 

October 10, 1986 

• .1.VBE of buffer is constant with 
amplifier IBIAS change 

• Pin compatible with LM13600 
• Excellent matching between 

amplifiers 

• Linearizing diodes 
• High output signal-to-noise ratio 

APPLICATIONS 

• Multiplexers 

• Timers 
• Electronic music synthesizers 
• Dolby ™ HX Systems 
• Current-controlled amplifiers, 

filters 

• Current-controlled oscillators, 
impedances 

Dolby Is a registered trademark of Dolby 
Laboratories Inc., San Francisco, Calif. 

PIN DESIGNATION 

PIN NO. SYMBOL 

1 IABc& 

2 D. 

3 +IN. 

4 -IN. 

5 Vas 

6 V-

7 INBUFFER (A) 

8 VOBUFFER (A) 

9 VOBUFFER (B) 

10 INBUFFER (B) 

11 V+ 

12 VOB 

13 -INB 

14 +INs 

15 DB 

16 IABes 

4-251 

""""" 

NAME AND FUNCTION 

Amplifier bias input A 

Diode bias A 

Non-inverting input A 

Inverting input A 

Output A 

Negative supply 

Buffer input A 

Buffer output A 

Buffer output B 

Buffer input B 

Positive supply 

Output B 

Inverting input B 

Non-inverting input B 

Diode Bias B 

Amplifier bias input B 

853-0887 85932 

I 
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Dual Operational Transconductance Amplifier NE5517/5517A 

CIRCUIT SCHEMATIC' 

.. V+~...;.' ---r--"1-------,----'-~----___t"----p______.--

Do 

.... o---1--+--J-~ .... 

.. .. 

Do 
r~. __ -+--~-------__ ~-~~-----~---~--~ 

coo .... 

CONNECTION DIAGRAM 

• - . . • • • 
•• DtODE ....". 
......... (+r 

.. UT • 
H OUTPUT V+fl) 

BUFFER BUFFER 
..... OUTPUT .. .. 

- - .... INPUT CUI1'IiT y- BUFFER BUFFER 
..... OUTPUT 

• • ........ (+) .... . . (-) . 
• • 

NOTE: 
1. V + 01 cMput buffets and amplifiers are Internally connected. 
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Dual Operational Transconductance Amplifier 

ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

16-Pin Plastic DIP o to +70°C NE5517N 

16-Pin Plastic DIP o to +70°C NE5517AN 

16-Pin SOL DIP o to +70°C NE5517D 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Vs Supply voltage 1 

NE5517 36 Voe or ±18 V 
NE5517A 44 VOC or ±22 V 

Po Power dissipation, T A = 25°C2 

NE5517N, NE5517AN 570 mW 

VIN Differential input voltage ±5 V 

10 Diode bias current 2 mA 

IABC Amplifier bias current 2 mA 

Isc Output short-circuit duration Indefinite 

lOUT Buffer output current3 20 mA 

TA Operating temperature range 
NE5517N, NE5517AN QOC to +70 °c 

Voc DC input voltage +Vs to -Vs 

TSTG Storage temperature range -65°C to +150 °c 

TSOLO Lead soldering temperature (10sec max) 300 °c 

NOTES: 
1. For selections to a supply voltage above ± 22V, contact factory. 
2. For operating at high temperatures, the device must be derated based on a 150°C maximum 

junction temperature and a thermal resistance of 175°C/W which applies for the device soldered 
in a printed circuit board, operating in still air. 

3. Buffer output current should be limited so as to not exceed package dissipation. 

DC ELECTRICAL CHARACTERISTICS1 

NE5517 
SYMBOL PARAMETER TEST CONDITIONS 

Min Typ 

0.4 
Vos Input offset voltage Over temperature range 

IASC 5jlA 0.3 

IlVos/ IlT Avg. TC of input offset volt-
7 

age 

Vas including diodes 
Diode bias current 

0.5 
(10) = SOOjlA 

Vas Input offset change 5jJ.A .;; IASC .;; 500jJ.A 0.1 

los Input offset current 0.1 

Illos/ IlT 
Avg. TC of input offset cur-

0.001 
rent 

ISlAS Input bias current Over temperature range 
0.4 
1 

Ilis/ IlT Avg. TC of input current 0.01 
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II 

NE5517A 
UNIT 

Max Min Typ Max 

5 0.4 2 mV 
5 mV 

5 0.3 2 mV 

7 jJ.vrc 

5 O.S 2 mV 

0.1 3 mV 

0.6 0.1 0.6 jlA 

0.001 jlArC 

5 0.4 5 jlA 
8 1 7 jlA 

0.01 jJ.ArC 
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Dual Operational Transconductance Amplifier NE5517/5517A 

DC ELECTRICAL CHARACTERISTICS 1 (Continued) 

NE5517 NE5517A 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Forward transconductance Over temperature range 
6700 

9600 13000 
7700 

9600 12000 I'mho 
gM 5400 4000 I'mho 

gM tracking 0.3 0.3 dB 

RL = 0, IABC = 5p.A 5 3 5 7 p.A 

laUT Peak output current RL = 0, IABC = 500p.A 350 500 650 350 500 650 p.A 
RL=O, 300 300 p.A 

VaUT Peak output voltage 
Positive RL = 00, 5p.A';;; IABC .;;; 500p.A +12 +14.2 +12 +14.2 V 
Negative RL = 00, 5pA';;; IABC .;;; 500p.A -12 -14.4 -12 -14.4 V 

Is Supply current IABC = 500p.A, both channels 2.6 4 2.6 4 rnA 

Vas sensitivity 
Positive A Vas/A V+ 20 150 20 150 I'VN 
Negative A Vasil!. V- 20 150 20 150 I'VN 

CMRR 
Common-mode rejection 

80 110 80 110 dB 
ration 

Common-mode range ±12 ±13.5 ±12 ±13.5 V 

Crosstalk 
Referred to input2 

100 100 dB 
20Hz < f < 20kHz 

liN Differential input current IABC = 0, input = ±4V 0.02 100 0.02 10 nA 

Leakage current IABC = 0 (Refer to test circuit) 0.2 100 0.2 5 nA 

RIN Input resistance 10 26 10 26 kn 

Bw Open-loop bandwidth 2 2 MHz 

SR Slew rate Unity gain compensated 50 50 VII's 

IN BUFFER Buff. input current 5 0.4 5 0.4 5 p.A 

VOBUFFER Peak buffer output voltage 5 10 10 V 

AVBE of buffer 
Refer to Buffer VBE testS 

0.5 5 0.5 5 mV 
circuit 

NOTES: 
1. These specifications apply for Vs = ± 15V, T A = 25"C, amplifier bias current (lABel = 500"A, Pins 2 and 15 open unless otherwise specified. The inputs to the 

buffers are grounded and outputs are open. 
2. These specifications apply for Vs = ± 15V, IABC = 500"A, ROUT = 5kU connected from the buffer output to - Vs and the input of the buffer is connected to the 

transconductance amplifier output. 
3. Vs = ± 15, ROUT = 5kU connected from Buffer output to -Vs and 5"A .; IABC .; 500"A. 

October 1 0, 1986 4-254 



Signetlcs Linear Products 

Dual Operational Transconductance Amplifier 

TYPICAL PERFORMANCE CHARACTERISTICS 
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Input Bias Current 
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Dual Operational Transconductance Amplifier 

TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 
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Dual Operational Transconductance Amplifier NE5517j5517A 

TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 
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Dual Operational Transconductance Amplifier 

CIRCUIT DESCRIPTION 
The circuit schematic diagram of one-half of 
the NE5517, a dual operational transconduc
tance amplifier with linearizing diodes and 
impedance buffers, is shown in Figure 1. 

1. Transconductance Amplifier 
The transistor pair, 04 and 05, forms a 
transconductance stage. The ratio of their 
collector currents (14 and 15, respectively) is 
defined by the differential input voltage, VIN, 
which is shown in equation 1. 

(1) 

Where VIN is the difference of the two input 
voltages 

current 14 and 15 to be equal to amplifier bias 
current Is: 

(2) 

If VIN is small, the ratio of 15 and 14 will 
approach to unity and the Taylor series of In 
function can be approximated as 

KT I n ~ '" KT 15 -14 
q 14 q 14 

(3) 

KT 15 KT 15 - 14 2KT 15 - 14 
- In - '" - -- = - -- = VIN 
q 14 q Y21S q Is 

Preliminary Specification 
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that produce an output current equal to 15 
minus 14. Thus: 

VIN f Is ~ J = 10 t 2KT 
(5) 

(isq) 
The term -- is then the transconductance 

2KT 

of the amplifier and is proportional to Is. 

2. linearizing Diodes 
For VIN greater than a few millivolts, equation 
3 becomes invalid and the transconductance 
increases nonlinearly. Figure 2 shows how 
the internal diodes can linearize the transfer 
function of the operational amplifier. Assume 
02 and 03 are biased with current sources 
and the input signal current is Is. Since 

KT ~ 26mV at room temperature (3000 K). 
(Isq) 

15 - 14 = VIN 2KT (4) 14 + 15 = Is and 15 - 14 = 10, that is: 

Transistors 01, 02 and diode 0 1 form a 
current mirror which focuses the sum of 

October 10,1986 

The remaining transistors (06 to 011) and 
diodes (04 to 06) form three current mirrors 

Figure 1., Circuit Diagram of NE5517 
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Dual Operational Transconductance Amplifier 

For the diodes and the input transistors that 
have identical geometries and are subject to 
similar voltages and temperatures, the follow
ing equation is true: 

10 
T "2 + Is KT h(IB + 10) 
-In --=-In --
q I<:>-Is q h(IB-IO) 

2 

(218) 10 
10 = Is-:- for lisl <-

10 2 
(6) 

The only limitation is that the signal current 
should not exceed ~2 10. 

3. Impedance Buffer 
The upper limit of transconductance is defined 
by the maximum value of IB (2mA). The lowest 
value of IB for which the amplifier will function 
therefore determines the overall dynamic 
range. At low values of IB' a buffer with very 
low input bias current is desired. A Darlington 
amplifier with constant-current source (014, 
0 15, 0 16, 0 7, Os, and Fi1) suits the need. 

APPLICATIONS 

Voltage-Controlled Amplifier 
The voltage divider R2, R3 divides the input
voltage into small values (mV range) so the 
amplifier operates in a linear manner. 

It is: 

(3) gM = 19.2 IABC 

(gM in ms for IABC in rnA) 

Since gM is directly proportional to IABC, the 
amplification is controlled by the voltage V C in 
a simple way. 

When Vc is taken relative to -Vee the follow
ing formula is valid: 

(VC-1.2V) 
IABC = "-''----' 

Rl 

The 1.2V is the voltage across two base
emitter baths in the current mirrors. This 
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Ftgure 2. Linearizing Diode 

vc 

TYPICAL VALUES: A, 47K 
R2 10K 
R3 200U 
R4 200H 
A, tOOK 
As 47K 

Figure 3 

Preliminary Specification 
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.-_-o()+vcc 
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Vour 
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circuit is the base for many applications of the 
NE5517. 

Stereo Amplifier With Gain 
Control 

+ Vee 

Preliminary Specification 

NE5517/5517A 

INT 
+ Vee 

8 
VOUT1 

Figure 4 shows a stereo amplifier with vari
able gain via a control input. Excellent track
ing of typical O.3dB is easy to achieve. With 
the potentiometer, Rp, the offset can be 
adjusted. For AC-coupled amplifiers, the p0.

tentiometer may be replaced with two 5.1 kO 
resistors. 

~o-~~------------------------t 
5.1K 

Modulators 
Because the transconductance of an OTA is 
directly proportional to IABC, the amplification 
of a signal can be controlled easily. The 
output current is the product from transcon
ductance X input voltage. The circu~ is effec
tive up to approximately 200kHz. Modulation 
of 99% is easy to achieve. 

-Vee 

Figure 4. Galn-Controllad Stereo Amplifier 

lie 
SIQ~~ o-_________ .. 3G,..,K ....... _________ ~ 

~ +Vcc 

~~----------~11 

CAR::'; -O---"""'".,.. ...... ------------:-b" 
10K 

Voltage-Controlled Resistors 
(VCR) 

8 
-Vee 

Figure 5. Amplitude Modulator 

INT 
+ Vee 

8 
VOUT 

S.IK 

-Vee 
INT 

-Vee 

+ Vee 

8 
VOUTI 

1.1K 

-Vee 
INT 

TC21B60S 

R+RA 
This principle is based on the capability of an 
OTA to vary a current proportional to a 
controUed voltage, according to a resistor. 
The circuH takes advarrtage of the possibility 
to control a resistor via gM. 

10K 
RX=gm;(iii 

Voltage-Controlled Filters 
Voltage-controlled filters can be realized ex
tremely easily with the help of an OTA. 

Figure 8 shows the circuit for a low-pass filter. 
Below the corner frequency the circuit has an 
amplification of OdB. Above the corner fre
quency the attenuation drops by 6dB/octave. 

The high-pass filter is built in a similar man
ner, except the input is coupled via capacitor. 

October 10, 1986 
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Figure 6. VCR 
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Voltage-Controlled Oscillators 
Figure 12 shows a voltage-controlled triangle
square wave generator. With the indicated 
values a range from 2Hz to 200kHz is possi
ble by varying IABC from 1 mA to 10,..A. 

The output amplitude is determined by 
lOUT X ROUT. 

Please notice the differential Input voltage is 
not allowed to be above 5V. 

With a slight modification of this circuit you 
can get the sawtooth pulse generator, as 
shown in Figure 13. 

Programmable Amplifier 
The intention of the following application is to 
show how the NE5517 works in connection 
with a DAe. Almost all applications described 
above can be made digitally-programmable 
(IlP-compatible) in this way. 

In the application of Figure 14, the NE5118 is 
used - an 8-bit DAe with current output
its input register making this device fully IlP
compatible. 

The circuitry of Figure 14 consists of three 
functional blocks: the NE5118 which gener
ates a control current equivalent to the ap
plied data byte, a current mirror, and the 
NE5517. 

The amplification is given by the following 
equation: 

OW (10) IOAC MAX 
A----X---XRL 

256 2XVT 

OW (10) = Data word decimal 
IOAC MAX = Maximum DAe output 

current (here -1 mAl 
RL - Load resistance 

The equation is only valid for the amplification 
of the signal directly applied to the OTA. To 
get the gain overall, A must be multiplied with 
the input attenuation factor. 

APPLICATION HINTS 
To hold the transconductance gM within the 
linear range, IABC should be chosen not 
greater than 1 mAo The current mirror ratio 
should be as accurate as possible over the 
entire current range. A current mirror with 
only two transistors is not recommended. A 
suitable current mirror can be built with a PNP 
transistor array which causes excellent 
matching and thermal coupling among the 
transistors. The output current range of the 
DAe normally reaches from 0 to -2mA. In this 
application, however, the current range is set 
through RREF (10kO) to 0 to -lmA. 

VREF 5V 
IOAC MAX - 2 X RREF - 2 X 10k -lmA 
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Vos Rp 

.------~'K 

'OOK 

200!l R" 

+ Vee 

-Vee 

.OK 
o-------~~--------__aVc 

tNT 

r--_-O+Vcc 

'OK 
-Vee 

tNT 

Figure 7. VCR With Unearlzlng Diodes 

.OK 
... Vee 

Vc 

tNT 

+ Vee 

0-+--0 VOUT 

'OK 
- Vee 

tNT 

TC21900S 

Figure 8. Voltage-Controlled Low-Pass Filter 

.OK 

"~~r_'O_K""'2"'20"'K---<P-""'::---4."""· Vee 

o-------~"'_-------oVc 

tNT 

r-.... --O ... Vee 

-Vee 

1K ~: -Vee 

Figure 9 •. Voltage-Controlled Hlgh-Paas Filter 
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15K 

o-------------------------------------o-------~~------~OVe 

lOOK 

+ Vee 

10K 

30K 

-Vee 
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-Vee 

Figure 10. Butterworth Filter - 2nd Order 

-Vee 

BANDPASS OUT 

Figure ". State Variable Filter 

10K 

""'" -Vee VOUT1 

+ Vee 

Figure 12. TrlangleoSquare Wave Generator (YCO) 
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Vc 

INT 
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Ie I, --- -'70K 

'OK 

'VV'y 

Preliminary Specification 

NE5517/5517A 

30K 

JU1J 
~ _____________________ -_V~c~c_V~O~UT~' __ ~ __________________ ~ __________ -oVOUT2 

INT 

NOTE: 
(Vs - 0.8) R1 2VPK X C 2VPK X C Ie 

VPK - -----T H - -----T L - -fosc-----1c < < 18 
A1 + R2 18 Ie 2VPK x C 

Figure 13. Sawtooth Pulse veo 

LE 

'0 
RREF ,. 
10K 

'2 
82K 

11 

FUll·SCALE 
ADJUST 

4.7K 

'"F! 
V,N -Vee tNT 

Figure 14. Digital Programmable Amplifier 
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DESCRIPTION 
The Signetics NE5517 is a truly versatile dual 
operational transconductance amplifier. In 
plain language, it is a voltage-to-current con
verter governed by the transconductance gm, 
which is equivalent to 10UTIVIN. The gm is 
increased or decreased linearly by varying the 
amplifier bias current (lABel through an exter
nal pin (see Figure 1). From the proper use of 
the IABC pin, many control circuits can be 
realized. 

For more insight into the way the part oper
ates, the transconductance can be thought of 
as gain and is governed by the following 
equation: 

lOUT IABCq 
gM=-=--

VIN 2KT 
(1) 

where the transconductance is dependent on 
the constant KT/q (which is 26mV at 25°C), 
and IABC (which is controlled by the user). 

To make the device more universal and 
adaptable for many functions, two impedance 
buffers for voltage output applications are 
also included with the amps so that the part 
can be used as a programmable operational 
amplifier. 

Unearizing diodes provide another useful op
tion. These should be applied when large 
input voltages or wide temperature variations 
are encountered. To show the significance of 
the diodes, compare the difference between 
Equation 1 without diodes and Equation 2 
with diodes: 

lOUT = 21ABC 

VIN RIN 10 

10 
for liN greater than "2 

(2) 

Here, it can be seen that the transconduc
tance is not temperature dependent. RIN is 
the signal input resistance and liN is the signal 
current. liN must not exceed half the diode 
current (10, nominally 1 rnA). The diode current 
is set by a resistor tied to + Vee. A graph 
showing the output distortion improvement 
versus differential input voltage when using 
the diodes is shown in Figure 2. 

An advantage that the NE5517 has over 
similar devices is a special biasing network 
between the amplifier and output impedance 
buffers. This network eliminates output offset 
current changes with a sudden change In the 
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AN145 
NE5517 / A Transconductance 
Amplifier Applications 
Application Note 

PIN NO SYMBOL NAME AND FUNCTION 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

• -... -II 

-... -• 

IABCa Amplifier bias input A 

Da Diode bias A 

+INa Non-inverting input A 

-INa Inverting input A 

los Output A 

V- Negative supply 

INBUFFER (a) Buffer input A 

VOBuffer(a) 

VOBuffer (b) 

INBuffer (b) 

• -... 
II 

LINEARIZING 
DIODES 

• -(+1 

- -... (+1 • • 

V+ 

lOb 

-INb 

+INb 

Db 

IABCb 

• -(-I 

Buffer output A 

Buffer output B 

Buffer input B 

Positive supply 

Output B 

Inverting input B 

Non-inverting input B 

Diode bias B 

Amplifier bias input B 

:- - - -~---1 . -OUTPUT v+ ..ur 

IIIUI' 0U'TftIT y- .... 

(-I • -
• I loot • L ______ .J 

Figure 1. Pin Designation and Functional Diagram 
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bias current (lABel. This is particularly impor
tant in audio applications where an audible 
offset would be produced. 

APPLICATIONS 
An application employing both amplifiers and 
buffers internal to the NE5517 is the adjust
able triangle-square wave generator shown in 
Figure 3. 

The center oscillating frequency is set by the 
capacitor C at the output of amplifier A. The 
output amplitude is set by the resistor R 
connected between the non-inverting inputs. 
amplifier B output. buffer B input and ground. 

'00 vcc. ± 'IV 
l 1\.'01c11 

to 'AIle. tlRA 

I 
I u 

~'~--~'~O--~'±OO~~'~OOO 
_ -.T VOLTAGE (ntVpI 

Figure 2. Output Distortion vs Input 
Voltage Showing Benefit of Diodes 

47K 

- 1-. 

February 1987 

• AMP 
lIAS 
INPUT 

/I 
NIl' 
lIAS 
INPUT 

15 
B 
DIODE 
lIAS 

/I 
DIOCIE 
lIAS 
2 

The oscillating frequency is varied by .chlill9-
ing V C. which in turn controls the amplifier 
bias current (IABC1)' If a positive voltage is 
applied to V c. the center frequency will in
crease linearly with increasing voltage. If a 
negative is applied. the center frequency will 
decrease linearly with increasing negative 
voltage. This makes a very good programma
ble oscillator with variable amplitude. 

By using a large value capacitor and negative 
control voltage. oscillations in the fractions of 
Hertz can be realized; a small capacitor and 
positive control voltage will give frequencies 
up to 500kHz. Graphs showing the linearity of 
control voltage versus frequency for different 
capacitor values are shown in Figure 4. 

Pertinent calculations are: 

fC= IABCl 
4(C)(IABC2)(R) 

Where: fc = center frequency 
IABCl = oscillator control current 
IABC2 = amplitude control current 

R = amplitude control resistor 
C = oscillator control capacitor 

Also: Amplitude = (IABC2) (R) 

Another very useful application is to use the 
NE5517 as a digitally-programmable amplifi
er. The entire circuit is shown in Figure 5. 

14 
8 
INPUT 
M 

/I 
INPUT 
(+) 

a R 

V+ 

v--

Figure 3. Trlangle-Square Wave Gene.ratDr 
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The circuit consists of a Signetics micropro
cessor-compatible DAC. a transistor array. 
and the NE5517 configured as a voltage
controlled amplifier. This arrangement can 
also be used with the veo explained earlier 
to program its oscillating frequency. 

The pertinent equations governing this appli
cation are as fonows: 

Av = Your _ BW(10) 

VIN 256 

X IOAC MAX X q X RL 

2 X KT 

Where: BW(10) = binary word decimal 

Also: 

IOAC MAX = maximum DAC out
put current (lmA) 

RL = load resistance (30k) 
q/KT = 38.S at 2SoC 

VREF 
IOAC MAX - 2 X RREF 

Sk 
=2X-=lmA 

10k 

Where:VREF= supplied by DAC (SV) 
RREF = referenced resistor (10k!}) 

The IOAC MAX of 1 mA is used to keep the 
transconductance within the linear range. 

'OK 
r-""'''''''-+-o v-
... ---4-0v_. 

nn 

.... -.=K-II-OV-. 
'--w_-ov-

I 
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10 .. 
II 
41 
014 
40 
II 

I: 
14 
20 
18 
11 
8 
4 
o 

-d-20'" cl..., 
R.I.. 

~ 

,,-
i/ i"" 
rV' 

I~ 

1 

'/ 

r -
:~3Ala. 

-18-11-8 -4 0 4 8 11 18 20 14 II 
VJYOL18) 

a. 

NOTE: 
Vc Below -13.6V or above + 30V will cause distortion. 
Changing the C value win vary the frequency range. 

I 

210 

aoo 

~ '" ~ 

110 

100 ,," ~: ':::F 

" ~"'" 
Rjil 

50 

• -18-12-8 -4 0 4 8 12 l' 20 14 21 

V.CVOL18) 

b. 

100 
110 
S20 
410 -400 
310 

J: 
140 
aoo 
110 
120 
10 
40 
o 

" " 

" 
~ 

~ 

~ .,5011Hz 
• &1::fF 

R.2.4 

-18 -12-8 -4 0 4 8 12 l' 20 14 21 
VJYOL18) 

c. 

Figure 4. Control Voltage (Vc) va Frequency Data 

The current mirror matches the current flow 
into the DAC and supplies the sanie amount 
to the 5517 control pin. Using a current output 
DAC is much. faster than using a voltage 
output device to control the part. (If speed Is 
not important, this can be done and the 
current mirror can be replaced with a resis
tor.) Also, the input attenuation has not been 
calculated into the gain equation. Therefore, 
Equation 5 pertains to the signal .after the 
input divider. 

Many other applications for the NE5517 exist; 
refer to the data sheet applications section in 
the Signetics Linear data book for numerous 
ideas. 
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DESCRIPTION FEATURES 
The NE/SA/SE5212 is a low noise dif
ferential output amplifier, particularly 
suitable for signal recovery in fiber-optic 
receivers and in any other applications 
where very low signal levels obtained 
from high impedance sources need to 
be amplified. 

• Extremely low noise: 2.5pA/YHZ 

ORDERING INFORMATION 

DESCRIPTION 

8-Pin Plastic DIP 

8·Pin Plastic SO 

8·Pin Ceramic DIP 

8-Pin Plastic SO 

8·Pin Plastic DIP 

8·Pin Ceramic DIP 

8-Pin Plastic DIP 

8·Pin Ceramic DIP 

• Single 5V supply 
• Large bandwidth: 150MHz 
• Differential outputs 
• Low input/output impedances 
• High power supply rejection ratio 
• 14kn differential transresistance 

APPLICATIONS 
• Fiber-optic receivers 
• Wideband gain block 
• General purpose instrumentation 
• Sensor preamplifiers 
• Single-ended to differential 

conversion 

• Low noise RF amplifiers 

TEMPERATURE RANGE ORDER CODE 

o to +70·C NES212N 

o to +70·C NES212DB 

o to +70'C NES212FE 

-40·C to + 8S'C SAS212DB 

-40·C to + 8S'C SAS212N 

-40'C to +8S'C SAS212FE 

-SS·C to + 12S·C SES212N 

-SS·C to + 12S'C SES212FE 

ABSOLUTE MAXIMUM RATINGS 

RATING 
SYMBOL PARAMETER UNIT 

NE5212 SA5212 SE5212 

Temperature Range 
TA Operating ambient o to 70 -40 to 85 -S5 to 125 ·C 
TJ Operating junction -55 to 150 -55 to 150 -55 to 150 ·C 

TSTG Storage -65 to 150 -65 to 150 -65 to 150 ·C 

Vee Power Supply 6 6 6 V 
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PIN CONFIGURATION 

N, FE, D-8 Packages 

II·m
BGNO

• vee 2 7 OUT (-) 

GNO, 3 B GNO. 

GNO, 4 . 5 OUT (+) 
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RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER RATING UNIT 

TA Ambient temperature ranges 
NE Grade· a to 70 ·C 
SA Grade -40 to 85 ·C 
SE Grade -55 to 125 ·C 

TJ Junction temperature ranges 
NE Grade o to 90 ·C 
SA Grade -40 to 105 ·C 
SE Grade -55 to 145 ·C 

Vcc SUpply voltage range 4.5 to 5.5 V 

DC ELECTRICAL CHARACTERISTICS Minimum and Maximum limits apply over operating temperature range at Vee = 5V, 
unless otherwise specified. Typical data applies at Vee = 5V and T A = 25·C. 

SYMBOL PARAMETER 

VIN Input bias voltage 

Vo± Output bias voltage 

Vos Output offset voltage 

Icc Supply current 

lOMAX Output sink! source current 

Ie Maximum input current (2% linearity) 

IMAX 
Maximum input current overload 
threshold 

Po Maximum power 1 dissipation 
8-pin plastic DIP 
8-pin plastic SO 
8-pin Cerdip 

NOTE: 
1: Package thermal resistances are as follOWS: 

B'pin plastic DIP: 110·C/W 
B·pin plastic SO: 160·C/W 
B·pin Cerdip: 16S·C/W 

February 1987 

NE5212 
TEST CONDITIONS 

Min Typ 

0.6 0.8 

2.8 3.3 

0 

21 28 

3 4 

±eo ±eo 

±80 ±120 

1100 
750 
750 
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SA/SE5212 
UNIT 

Max Min Typ Max 

0.95 0.55 0.8 1.05 V 

3.7 2.5 3.3 3.8 V 

80 0 120 mV 

32 20 26 33 mA 

3 4 mA 

±40 ±80 p.A 

±60 ±120 p.A 

1100 
750 mW 
750 
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AC ELECTRICAL CHARACTERISTICS Minimum and Maximum limits apply over operating temperature range at Vcc = 5V, 
unless otherwise specified. Typical data applies at Vcc = 5V and T A = 25°C. 

NE5212 SAlSE5212 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

AT 
Transresistance 

f ~ 10MHz, Al = inf 9.8 14 18.2 9.0 14 19 kn 
(Differential output) 

Ao 
Output resistance 

f= 10MHz 14 30 42 14 30 46 n 
(Differential output) 

AT 
Transresisiance 

f = 10MHz, Al = inf 4.9 7 9.1 4.5 7 9.5 kn 
(Single-ended output) 

Ao 
Output resistance 

f= 10MHz 7 15 21 7 15 23 n 
(Single-ended output) 

f3dB Bandwidth (-3dB) Test Circuit 1 
o package, 
TA = 25°C 120 120 MHz 

N, F packages, 
TA - 25°C 100 100 MHz 

AIN Input resistance 75 110 143 70 110 150 n 
CIN Input capacitance 10 15 10 18 pF 

!!.A/!!.V 
Transresistance power 

!!.Vcc=5 ±0.5V 9.6 9.6 %IV 
supply sensitivity 

!!.A/!!.T 
Transresistance ambient o peckage 

0.05 0.05 %/oC 
temperature sensitivity !!.TA = TA MAX- TA MIN 

IN 
Input AMS noise current Test Circuit 2 

2.5 2.5 pAlYHz 
spectral density f = 10MHz TA = 25°C 

IT Input AMS noise current 
!!.f= 100MHz, TA - 25°C 30 30 nA 

Test Circuit 2 

Any package 

PSAA 
Power supply rejection ratio3 f _ 0.IMHz1, 2 

26 33 20 33 dB 
VCC1 -VCC2 Test Circuit 3 

!!.Vcc = O.IV 

Power supply rejection ratio 
Any package 

PSAA f-0.1MHz1,2 23 23 dB 
(ECL configuration) 

Test Circuit 4 

Vo MAX 
Maximum output vo~age swing 

Al-inf. 2.4 3.2 1.7 3.2 Vp_p 
differential 

NOTES: 
1. Circuit board layout dependent at higher frequencies. For best performance use RF filter in Vee lines. 
2. VCC1 and VCC2 are intemally connected in all 8-p1n packages. 
3. Output referenced. 
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H~AN~RKAN~VZER SINGLE-ENDED DiffERENTIAl. HP8588B SPECTRUM ANALYZER 

AI- Your R=821ICR V,. At·~R.21(S21I(A V,. 
1, +su l Ro.Zo ---33 

1-SU 1, +su l Ro=2Zo ---II 
1-SU 

NC 

T0219918 

s_ Test Circuit 1 b_ Test Circuit 2 

HP3577A NETWORK ANALVZER 

February 1987 

Vee 
IV t~·F 

I'~ 

, , , 
, , , 

9=0.1.F 
HP85nAII&-PARAMETER TEST SET 

PORT 1 

TEKTRONIX 
015-046 I-

9=0.1.F I CURRENT PROBE 

1. 

Vee 
'~ 33 

OUT 

INo- DUT 100 
33 '~F BAL 

OUT 
II 

GND, J:--I GND. 

c. Test Circuit 3 

Figure 1. Test Circuits 
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UNO 

PRECAUTIONS 
As with any high·frequency device, some 
precautions must be observed in order to 
enjoy reliable performance. First of these is 
use of a well·regulated power supply. The 
supply must be capable of supplying varying 
amounts of current without significantly 

February 1987 

HP3577A NETWORK ANALYZER 

HP3577AB &-PARAMETER TEST SET 

18 

TEKTRONIX 
01S-048 

CURRENT PROBE 

PORT 1 PORT 2 

100 
BAl.. 

TRANSFORMER 
NH0300HB 

50 

UNBAL. 
TEBT 

a. Test Circuit 4 

Figure 1. Test Circuits 

changing the voltage level. Next, of course, is 
proper power supply bypassing consisting of 
a good quality 0.1 /IF high·frequency capacitor 
in parallel with a 10/lF tantalum capacitor. 
Some applications require an RF choke in 
series with the power supply line. These 
components should be mounted as close to 
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the device pins as possible with the shortest 
leads possible. 

Seperate analog and digital ground leads 
should be maintained and printed circuit 
board ground plane should be employed 
whenever possible. 
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BASIC CONFIGURATION 
A trans-resistance amplifier is a current-to
voltage converter. The forward transfer func
tion then is defined as voltage out divided by 
current in, and is stated in ohms. The lower 
the source resistance, the higher the gain. 
The NE5212 has a differential !ransresis
tance of 14kn typically and a single-ended 
transresistance of 7kn typically. The device 
has two outputs: inverting and non-inverting. 
The output voltage in the differential output 
mode is twice that of the output voltage in the 
single-ended mode. Although the device can 
be used without coupling capacitors, more 
care is required to avoid upsetting the internal 
bias nodes of the device. Figure 2 shows 
some basic configurations. 

+SV 

a. Non-Inverting 20dB Amplifier 

+SV 

TCl11i61S 

b. Inverting 20dB Amplifier 

+IV 

v",o-I 

c. Differential 20dB Amplifier 

Figure 2 

VARIABLE GAIN 
Figure 3 shows a variable galn circuit using 
the NE5212 and the NE5230 low voltage op 
amp. This op amp is configured In a non
Inverting gain of five. The output drives the 
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+IV 

10k 

TC11582S 

Figure 3. Verlable Gain Circuit 

gate of the 80210 DMOS FET. The series 
resistance of the FET changes with this 
output voltage which in turn changes the galn 
of the NE5212. This circuit has a distortion of 
less than 1 % and a 25dB range, from 
-42.2dBm to -15.9dBm at 50MHz, and a 
45dB range, from -60dBm to -14.9dBm at 
10MHz with 0 to 1V of control voltage at Ve. 

16MHz CRYSTAL OSCILLATOR 
Figure 4 shows a 16MHz crystal oscillator 
operating in the series resonant mode using 
the NE5212. The non-inverting input is fed 
back to the input of the NE5212 in series with 
a 2pF capacitor. The output is taken from the 
inverting output. 

DIGITAL FIBER·OPTIC 
TRANSMITTER/RECEIVER 
Figures 5a and b show a fiber-optic transmit
ter using off-the-shelf components and the 

TC111581S 

Figure 4. 16MHz Crystal OsCillator 
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NE5212. The circuit uses a 8ignetics TTL line 
driver, 74F3037, and a Hewlett-Packard 
HFBR-1404 lED. This combination is nearly 
ideal because LEOs are harder to tum off 
'quickly than on, and because the unequal 
drive capabilities of the TTL totem-pole out
put configuration complement each other. 
This pre-bias current and the speed-up ca
pacitor Significantly decrease the transition 
times. The circuit will has rise and fall times of 
3ns. It operates over the automotive tempera
ture range at 170Mbaud. The design formulas 
presented here can be used to optimize the 
speed for other devices. 

The receiver shown in Figure 5b uses the 
NE5212, the Signetics 10116 Eel line receiv
er, and a Hewlett-Packard HFBR-2208 PIN. 
The Circuit is a capacitor-coupled receiver 
and utilizes positive feedback in the last stage 
to provide the hysteresis. The amount of 
hysteresis can be tailored to the individual 
application by changing the values of the 
feedback resistors to maintain the desired 
balance between noise immunity and sensi
tivity. At room temperature, the circuit oper
ates at 50Mbaud with a SER of 10E-l0 and 
over the automotive temperature range at 
40Mbaud with a BER of 10E-9. Higher speed 
experimental diodes have been used to oper
ate this circuit at 220Mbaud with a BER of 
10E-l0. 

The cost of the transmitter/receiver pair is 
about $50 with the standard parts. 
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INTRODUCTION 
Large systems are comprised of many differ
ent subsystems, all of which must interface to 
complete the system. All types of circuits, 
including linear, digital and discrete, are often 
used in the subsystems. 

Interface circuits provide the necessary func
tion of tying the parts of a system together. 
These circuits are usually not purely linear or 
digital but contain both types of circuit func
tions. For instance, sense amplifiers are de
signed for interface between low level memo
ry outputs and bipolar levels, while differential 
comparators are designed for interface be
tween analog systems and logic systems. In 
general, this section will cover such devices 
as data converters, comparators, sense am
plifiers, line drivers/receivers, and display 
drivers. 

CONVERTERS 
Digital communications, digital instruments 
and displays have created a demand for low 
cost reliable converters. Key factors in this 
demand are: 

• The need to communicete with digital 
computers for processing and storage 
of analog signals. 

• Severe limitations encountered in 
reliable analog data transmission over 
any considerable distance. 

• The need for more easily readable 
displays. 

General application areas for converters in
clude: Data processing, data transmission, 
graphics and displays, audio systems, control 
systems and arithmetic operations. 

SPECIFIC APPLICATIONS 
Test Systems 
• Transistor tester (Force 16 and Ie) 

• Resistor matching 

• Programmable power supplies 

• Programmable pulse generators 

• Programmable current source 

• Function generators (ROM drive) 

Arithmetic Operations 
• Analog division by a digital word 
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• Analog quotient of 2 digital words 

• Analog product of 2 digital words
squaring 

• Addition and subtraction with analog 
output 

• Magnitude comparison of 2 digital words 

• Digital quotient of 2 analog variables 

• Arithmetic operations with words from 
dHferent logic families 

Graphics and Displays 
• POlar-to-rectangular conversion 

• CRT character generation 

• Chart recorder driver 

• CRT display driver 

Data Transmission 
• Modem transmitter 

• Differential line driver 

• Party line multiplexing of analog signals 

• Multilevel 2-wire data transmission 

• Secure communications (constant power 
dissipation) 

Control Systems 
• Reference level generator for setpoint 

controllers 

• Positive peak detector 

• Negative peak detector 

• Disc drive head positioner 

• Microfilm head pOSitioner 

DIGITAL 
WORD 
INPUT 

NOTES: 

D/A 

REF 

output = Ref. x digital word 

81 82 BN 
Output = Ref. X ("2+"4+ ... +"2") 

ANALOG 
DUTPUT 

LSl0B8OS 

Figure 1. Conversion of a Digitally 
Coded Signal Input Into an Analog 

Signal Output 

Audio Systems 
• Digital AVe and reverberation 

• Music distribution 

• Organ tone generator 

• Audio tracking AID 

• Speech compression and expansion 

• Audio digitizing and decoding 

DAC Building Blocks 
The actual implementation of a 0/ A system 
contains four separate parts: A reference 
quantity; a set of binary switches to simulate 
binary coefficients B1 . . . BN; a weighting 
network; and an output summing means. 

"""',os 

Figure 2. Binary-Weighted Ladder Employing Voltage Switching 
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DAC PRODUCTS SUMMARY 

CONY. OUTPUT PACKAGE 
. TEMPERATURE 

DEVICE BITS 
ACC. 

SPEED 
INT INT. RANGE COMMENTS 

% REF LATCH 
(118) V I N D F Com'l M" 

NE5150 4 0.39 0.01 X X X X X 3 x 4 Bits with RAM 

NE5151 4 0.39 0.01 X X X X X 3 X 4 Bits wlo RAM 

NE5152 4 0.39 0.01 X X X X X 3 x 4 Bits wllh RAM 

TDA8442 6 0.78 X X X X 4X6 Bits 12C 

TDA8444 6 0.78 X X X X 8X6Blts12C 

MC1408-7 8 0.39 0.07 X X X X 

MC1408-8 8 0.19 0.07 X X X X X 

MC1508-8 8 0.19 0.07 X X X 

DAC08 8 0.19 0.07 X X X 

DAC08A 8 0.10 0.07 X X X 

DAC08C 8 0.39 0.07 X X X X 

DAC08E 8 0.19 0.07 X X X X X 

DAC08H 8 0.10 0.07 X X X X 

NE5018 8 0.19 2.3 X X X X X X X 

SE5018 8 0.19 2.3 X X X X X 

NE5019 8 0.10 2.3 X X X X X X X 

SE5019 8 0.10 2.3 X X X X X 

NE5118 8 0.19 0.2 X X X X X X X 

SE5118 8 0.19 0.2 X X X X X 

NE5119 8 0.10 0.2 X X X X X X X 

SE5119 8 0.10 0.2 X X X X X 

PNA7518 8 0.19 0.013 X X X X 30MHz sampling rate 

TDA5702 8 0.39 0.04 X X X X X 25MSPs 

MC3410C 10 0.10 0.25 X X X X 

NE5020 10 0.10 5.0 X X X X X X 

NE541 0 10 0.05 0.25 X X X ±1t4 LSB DNL 

SE541 0 10 0.05 0.25 X X X ±1t4 LSB DNL 

MC341 0 10 0.05 0.25 X X X X ±1t2 LSB DNL 

MC351 0 10 0.05 0.25 X X X ±1t2 LSB DNL 

AM6012 12 0.05 0.25 X X X ±1 LSB DNL 

DAC800V 12 0.012 5.0 X X X X X 

DACBOOI 12 0.012 1.0 X X X X X 

TDA1540D 14 0.012 0.5 X X X X X 
serial input ± 1t2 LSB 
DNL 

TDA1540 14 0.003 0.5 X X X X X X serial input 

TDA1541 16 0.0008 1.0 X X X X X serial input 
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Binary-Weighted Ladder 
Employing Voltage Switching 
The disadvantages of a binary-weighted lad
der employing voltage switching include: a 
wide range of resistor values which are used 
in weighting the network, and nodal capaci
tances which are charged! discharged during 
conversion (See Figure 2). 

R-2R Ladder Network 
Employing Current Switching 
The advantages of this type of network in
clude: no need for a wide range of resistor 
values, and current switching eliminates tran
sients in nodal parasite capacitances (See 
Figure 3). 

KEY SPECIFICATIONS 
Speed 
The conversion process should represent the 
input Signal with the highest fidelity and mini
mal lag in time (real-time applications). 

Settling Time 
Settling time is a measure of a converter's 
speed and is defined as the elapsed time 
after a code transition for DAC output to 
reach final value within specified limits, usual
ly ± 1t2 LSB (See Figure 4). 

"/2 
LI. 

" 
Eo 

EO 

Figure 4_ Settling TIme 

Figure 5. OHset Error 
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2 4 8 

Figure 3. R-2R Ladder Network Employing Current Switching 

Errors 
Offset Error - The output voltage of DAC 
with zero code input. Offset can and usually is 
trimmed to zero with an offset zero edjust 
potentiometer (See Figure 5). 

Gain Error - Deviation in output voltage 
from correct level when the input calls for a 

Eo 

-l1li:;..,. ..... __ ................ __ .................. 

Figure 8. Gain Error 

• , 
• 1 

I , 

0'"""'" 

-..... 
oP'''''' 

Figure 7. Relative Accurecy 
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full-scale output. This error may be trimmed 
to zero (See Figure 6). 

Relative Accuracy - The maximum devia
tion of the DAC output relative to an ideal 
straight line drawn from zero to full-scale (See 
Figure 7). 

..... OG~ OUTI'UT 

: STEP SIZE ERROR 

_-........n 
o , 1 1 DIGITAL 
1 a 1 1 INPUT 
o , 0 , 0 , 

"""'" 
Figure 8. Differential Non-Unearlty 

oao DO'I otG 011 100 101 110 ", 

DIGITAL COII£ 

0" ..... 
Figure 9 • ..Non-Monotonic 

(Must ba > ± l'2 LSB Non-Unear) 

I 
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INPUT 

Msa 

Lsa 

CLOCK 

.""''''' 
Figure 10. Block Diagram of a Successive Approximation AID Converter 

Differential Non-Linearity - Incremental 
error from any ideal LSB analog output 
change when the digital input is changed 1 
LSB (See Figure 8). 

Monotonlclty - As the input code is incre
mented from one code to the next in se
quence, the analog output will either increase 
or remain constant (See Figure 9). 

Stability 
Stability is a measure of the independence of 
converter parameters with respect to varia
tions in external conditions such as tempera
ture and supply voltage. 

Temperature Coefficient - The effects of 
temperature changes of the output. Specified 
as % full-scale change. 

Supply Rejection - Ability to resist changes 
in the output with supply changes, specified 
as % full-scale change. 

Long Term Stability - Measure of how 
stable the output is over a long period of time. 

AID CONVERTER CIRCUITS 
Analog-to-Digital conversion schemes gener
ally fall into one of three categories: 

1. Feedback 
• Counting 
• Tracking (up-down) 
• Successive approximation 

2. Integrating 
• Single slope 
• Dual slope 
• Triple slope 

3. Parallel (Flash) 

February 1987 

The type of converter chosen for a given 
application depends upon many things; the 
accuracy required, the conversion speed nec
essary, the necessary immunity to nOise, and 
cost are some of these conSiderations. 

The successive approximation technique is 
the one most widely used, mainly because of 
its excellent tradeoffs in resolution, speed, 
accuracy, and cost. 

Figure 10 shows a simplified block diagram of 
a successive approximation AID converter. 
Upon receiving the start signal, the succes
sive approximation register (SAR) is cleared 
and the most significant bit (MSB) of that 
register is set. The SAR output is connected 
to the input of the DAC, the output of which is 
compared with the unknown input. If the Input 
is less than the DAC output, the MSB is 
cleared and the next bit is set; if the input is 
greater than the DAC output, the MSB is left 
high and the next bit is set. The input is again 
compared with the DAC output and the sec
ond bit cleared or left high, based on the 
same cr~eria as for the MSB. This process 
continues until all bits have been determined. 
The analog input should not change appre
ciably during the conversion time. If it did 
change during this time, the converted output 
would not be a true indication of the analog 
input. For this reason, it is common practice 
to use a sample-and-hold circuit at the con
verter analog input to hold the input value 
constant during the conversion process. A 
sample-and-hold circu~ is not necessary if the 
signal at the input of the converter varies 
slowly enough and has a noise level low 
enough so that the input will not change a 
significant amount during the conversion. The 
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allowable input change during this conversion 
is generally accepted as the value of 1t2 LSB 
(for n-bit accuracy). 

Accuracy and speed are determined primarily 
by the properties of the DAC and the compar
ator. Linearity is determined primarily by the 
linearity of the DAC. If the DAC is non
monotonic, one or more codes will be missing 
from the AID converter's output range. 

Figure 11 is the transfer function of a 3-bit 
binary coded AID converter with a 0 to + 10V 
input range. A 3-bit ADC is shown for simplici
ty, but the principle applies to ADCs of any 
resolution. Note that there is a 1t2 LSB offset 
at the input such that the first count occurs 
when the input is equal to 1t2 LSB. The center 
of the range for the first step occurs, there
fore, when the input is equal to the value of 
one LSB, and the error at the Switch point is 
lim~ed to 1t2 LSB. This error is known as the 
quantization error as it is derived from the 
smallest input quantity that can be resolved. If 
an ADC has a specified error of 1t2 LSB 
maximum, this means that any transition point 
can be as far as 1t2 LSB from where it should 
be. 
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Figure 11. Transfer Function of an 
Ideal 3-blt ADC With a 0 to 10V 

Input Range 

CONSIDERATIONS FOR AID 
CONVERTERS 
• Analog input signal range and resolution 

required 

• Linearity requirement and stability 

• Conversion speed required 

• Monotonicity requirement: Can missing 
codes be tolerated? 

• Character of input signal: Is it noisy, 
sampled, filtered, slowly varying? 

• Transfer characteristics (type of coding) 
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AID CONVERTER TERMS 
Resolution 
Resolution is the input change required to 
increment the output between the two adja· 
cent codes. This term also relers to the 
number of bHs in the output word and, hence, 
the number of discrete output codes the input 
analog signal can be broken into. Expressed 
in "bits" resolution. 

Transfer Characteristic 
The Transfer Characteristic is the relationship 
of the output digital word (code) to the input 
analog signal, i.e., Binary, BCD. 

Conversion Speed 
The Conversion Speed is the speed at which 
an ADC can make repetitive data conver· 
sions. 

Quantizing Error 
Quantizing Error is an inherent error in the 
conversion process due to finite resolution 
(discrete output). See Figure 12. 

Offset Error 
An Offset Error is shown in Figure 13. 

Gain Error 
A Gain Error is shown in Figure 14. 

Relative Accuracy 
Relative Accuracy is the deviation of an 
actual bit transition from the ideal transition 
value at any level over the range of the ADC 
(% FS). See Figure 15. 
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Hysteresis Error 
A Hysteresis Error is the code transition 
voltage dependence relative to the direction 
from which the transition is approached. 

Monotonlclty 
Monotonicity is when the output code either 
increases or remains the same for increasing 
analog input signals. The opposite is true in 
the reverse direction. 

Missing Codes 
A Missing Code is a code combination that is 
skipped. See Figure 16. 

....... 
OUTPUT 

'IN 
~~~~L-L-~~.~ 

V(lI2LSI) 1.212.53.1& S.D '.257.5 '.1110 

ANALOQINPUT 

Figure 12. Quantizing Errors 
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~.ITAL 
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Figura 13. Offsat Error 

........... 

.'LIO 

0" ..... 

:::ON ~~~~~~dr~~------· ... 

0P059108 

Figura 14. Gain Error 
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Figura 15. Ralatlve Accuracy 
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CONV. 
SPEED 

DEVICE BITS Ace. % (1lS) 

NES036 6 0.78 23 

NES037 6 0.78 9 

PNA7S09 7 0.78 

ADC0801-1 8 0.10 73 

ADC0802-1 8 0.19 73 

ADC0803-1 8 0.19 73 

ADC0804-1 8 0.39 73 

ADC0805-1 8 0.39 73 

ADC0820B 8 0.19 2.S 

ADC0820C 8 0.39 2.S 

NES034 8 0.19 17 

TDAS703 8 0.39 

NE5030 10 O.OS 4 

SES030 10 0.1 4 

TDA1534 14 0.003 8.S 
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Analog-to-Digital Converters 
Selector Guide 

INPUT THREE PACKAGE TEMPERATURE RANGE 
STATE INT. INT. 

V I OUTPUT REF. CLOCK N F FE Com'l Mil 

X X X X X X 

X X X X X 

X X X X 

X X X X X1 

X X X X X X1 

X X X X X X1 

X X X X X Xl 

X X X X X X X1 

X X X X X 

X X X X X X X 

X X X X X 

X X X X 

X X X X X X 

X X X X 

X X X X X 
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Absolute Accuracy Error 
Absolute Accuracy Error at a given output 
code is the difference between the theoretical 
analog input voltage required to produce a 
given output code and the actual analog input 
voltage required to produce the same code. 
Since the same output code is produced by a 
finite band of input voltages, the "analog 
input voltage required" is defined as the 
midpoint of the band of input voltages that will 
produce that code. 

Absolute accuracy error includes gain error, 
offset error and relative accuracy error and is 
typically expressed in LSBs or in percent of 
full-scale range (FSR). 

Conversion Time 
Conversion Time Is the time required for a 
conversion cycle to be completed while meet
ing the specifications. 

Differential Linearity Error 
Differential Linearity Error of an ADC Is the 
resolution for which the ADC is guaranteed to 
have no missing codes. This implies that all 
possible digital output codes will appear in an 
increasing sequence as the input voltage is 
increased. 

Full-Scale Range (FSR) 
The Full-Scale Range (FSR) of an ADC is the 
scale factor that determines the nominal 
conversion relationship; e.g., 2.5V span for a 
full-scale change in a fixed reference convert
er. 

In a unipolar ADC of n bits, the ideal first code 
transition occurs at FSR x 2 - N X h and the 
final code transition occurs at 
FSR x (1 - 2 - N X ~). The ideal code transi
tion from code C-1 to C occurs at 
FSR X (C- h) X hN. 
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In a bipolar ADC, the ideal first code transition 
occurs lit FSR X (2N - 1) X h and the final 
code transition occurs at 
FSR X (1-3 X 2- N) X h. 
Gain Error 
Gain Error is the deviation between the ideal 
and actual analog input voltage to cause the 
final code transition 10 a full-scaleoulput 
code after nulling offset error. It is usually 
expressed in LSBs or in percent of FSR. 

Integral Non-Linearity 
Same as Relative Accuracy. 

Least Significant Bit 
The Least Significant Bit (LSB) is the lowest
order bit and carries the smallest weight. In 
an n-bit ADC, the weight of the LSB is 2 - N 
relative to the FSR of the ADC. It represents 
the smallest change that can be resolved by 
an n-bit ADC. 

Missing Code 
A missing code is a code combination that 
does not appear at the ADC's output (see 
Differential Linearity Error). 

Most Significant Bit (MSB) 
The Most Significant Bit (MSB) is the highest
order bit and carries the most weight. In an n
bit ADC, the weight of the MSB is 1'2 the full
scale range of the ADC. 

Offset Error (Unipolar and 
Bipolar) 
In an ADC, unipolar offset is the difference 
'between the actual analog input voltage that 
causes the first code transition point and the 
ideal value to cause the first code transition, 
which is Y2 LSB above analog ground. Simi
larly for bipolar offset, it is the difference 
between the actual analog input voltage that 
causes the code transition from 1 LSB below 

5-10 

half-scale to half-scale and the ideal analog 
value to cause the same code transition 
which is Y2 LSB above Analog Ground. 

Power Supply Sensitivity 
The Power Supply Sensitivity of an ADC is the 
change in the code transition points with 
changes in the DC power supply voltages. It 
is usually expressed in LSBs/V or in %FSR/ 
V. 

Quantization Uncertainty 
ADCs of any resolution exhibit an inherent 
quantization uncertainty of ± Y2 LSB. This 
uncertainty is a fundamental characteristic of 
the quantization process and canl)ot be elimi
nated. 

Relative Accuracy 
Relative Accuracy Error is the deviation of the 
ADC's actual code transition points from the 
ideal code transition points on a straight line 
which connects the ideal first code transition 
point and the final code transition pOint, after 
nulling offset error and gain error. It is gener
ally expressed in LSBs or in percent of FSR. 

Resolution 
Resolution of an ADC is the number of bits at 
its output. The number of output states is 2N, 
where N is the resolution of the converter. 

Temperature CoeffiCients 
In general, Temperature Coefficients are ex
pressed either in ppm/DC or in LSBsJOC or as 
a change in the specified parameter over the 
temperature range. Measurements are usual
ly made at room temperature and at the 
temperature extremes of the specified tem
perature range; the temperature coefficient is 
defined as the change in the parameter from 
its room temperature value divided by the 
corresponding temperature change. 



Signetics ADC0801/2/3/4/5-1 
CMOS 8-Bit AjD Converters 

Linear Products 

DESCRIPTION 
The ADCOa01 family is a series of five 
CMOS a-bit successive approximation 
AID converters using a resistive ladder 
and capacitive array together with an 
auto-zero comparator. These converters 
are designed to operate with micropro
cessor-controlled buses using a mini
mum of external circuitry. The 3-state 
output data lines can be connected 
directly to the data bus. 

The differential analog voltage input al
lows for increased common-mode rejec
tion and provides a means to adjust the 
zero-scale offset. Additionally, the volt
age reference input provides a means of 
encoding small analog voltages to the 
full a bits of resolution. 

ORDERING INFORMATION 

Product Specification 

FEATURES 
• Compatible with most 

microprocessors 
• Differential Inputs 
• 3-State outputs 
• Logic levels TTL and MOS 

compatible 
• Can be used with internal or 

external clock 

• Analog Input range OV to Vee 
• Single 5V supply 
• Guaranteed specification with 

1MHz clock 

APPLICATIONS 
• Transducer-to-microprocessor 

interface 
• Digital thermometer 
• Digitally-controlled thermostat 
• Microprocessor-based monitoring 

and control systems 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

20-Pin Cerdip -SS'C to + 12S'C ADC0801/02-1F 

20-Pin Cerdip -40'C to + 8S'C ADC0801/02/03-1 LCF 

20-Pin Plastic DIP -40'C to + 8S'C ADC0801/02/03/04/05-1 LCN 

20-Pin Plastic DIP o to 70'C ADC0804-1 CN 

20-Pin Plastic SO o to 70'C ADC0803/04-1 CD 

20-Pin Plastic SO -40'C to 85'C ADC0803/04-1 LCD 

PIN CONFIGURATION 

D, F, N Packages 

TOP VIEW 

CD''''''' 

February 24, 1987 5-11 853-0034 87735 
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Signetics Unear Products Product Spec~lcation 

CMOS 8-Bit A/D CC?nverters ADC0801 /2/3/4/5-1 

BLOCK DIAGRAM 
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Signetics Linear Products 

CMOS 8-Bit A/D Converters 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Vcc Supply voltage 

Logic control input voltages 

All other input voltages 

TA Operating temperature range 
ADCOS01/02-1 F 

ADCOS03/04-1 LCD 

ADCOS01/02/03-1 LCF 

ADCOS01/02/03/04/05-1 

ADCOS03/04-1 CD 

ADCOS04-1 CN 

TSTG Storage temperature 

TSOLD 
Lead soldering temperature 
(10 seconds) 

PD 
Maximum power dissipation 
T A = 25'C (still air) 1 

F package 
N package 
D package 

NOTE: 
1. Derate above 25°C, at the following rates: 

F package at 12.5mW/'C 
N package at 13.5mW/'C 
D package at 11.1mW/'C 

LCN 

Product Specification 

ADC0801/2/3/4/5-1 

RATING UNIT 

6.5 V 

-0.3 to + 16 V 

-0.3 to 
V 

(Vcc +0.3) 

-55 to + 125 'c 
-40 to +S5 'c 
-40 to +S5 'c 
-40 to +S5 'c 
o to +70 'c 
o to +70 'c 

-65 to + 150 'c 

300 'c 

1560 mW 
1690 mW 
1390 mW 

DC ELECTRICAL CHARACTERISTICS Vcc = 5.0V. fCLK = 1 MHz. T MIN"; T A"; T MAX. unless otherwise specified. 

ADC0801/2/3/4/5 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

ADCOS01 
Full-Scale adjusted 0.25 LSB 

Relative accuracy error (adjusted) 

ADCOS02 VREF = 2.500VDC 0.50 LSB 
Relative accuracy error (unadjusted) 2 

ADCOS03 
Full-Scale adjusted 0.50 LSB 

Relative accuracy error (adjusted) 

ADCOS04 VREF = 2.500VDC 1 LSB 
Relative accuracy error (unadjusted) 2 

ADCOS05 VREF . 
1 LSB 

Relative accuracy error (unadjusted) 
-- = has no connection 

2 

R'N 
VREF . 
-2- Input resistance Vcc = OV2 400 6S0 n 

Analog input voltage range -0.05 Vcc V 
+0.05 

DC common-mode error Over analog input voltage range Y16 Y8 LSB 

Power supply sensitivity Vcc=5V ±10%1 Y16 LSB 

February 24. 1987 5·13 
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Signetlcs Unear Products Product Specification 

CMOS 8-Bit A/D Converters ADC0801/2/3/4/5-1 

DC ELECTRICAL CHARACTERISTICS (Continued) vee - 5.0V, fCLK = 1 MHz, T MIN'" T A'" T MAX, unless otherwise 
specified. 

ADC0801/2/3/4/5 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Control Inputs 

VIH Logical "1" input voltege Vee - 5.25Voc 2.0 15 Voc 

VIL Logical "0" input voltege Vee = 4.75Voc 0.8 Voc 

IIH Logical "1" input current VIN= 5Voc 0.005 1 pAoc 

IlL Logical "0" input current VIN= OVoc -1 -0.005 IIAoc 
Clock In and clock R 

VT+ 
Clock in positive-going 

2.7 3.1 3.5 Voc threshold voltage 

VT-
Clock in negative-going 

1.15 1.8 2.1 Voc threshold voltege 

VH Clock In hysteresis (VT+)-(VT-) 0.6 1.3 2.0 Voc 

VOL Logical "0" clock R output voltege IOL = 360pA, Vee = 4.75VDC 0.4 Vec 

VOH logical "1" clock R output voltege IOH - -360pA, Vee - 4.75Voc 2.4 Vec 

Date output and IATR 

VOL Logical "0" output voltage 

Date outputs IOL -1.6mA, Vee - 4.75Voc 0.4 Voc 

I1iI'TR" outputs IOL = 1.0mA, Vee - 4.75Voc 0.4 Voc 

IOH = -360pA, Vee - 4.75Voc 2.4 Voc 
VOH Logical "1" output voltege 

IOH - -10pA, Vee - 4.75Voc 4.5 Voc 

IOZL 3-Stete output leakage VOUT = OVoc, CS - Logical "1" -3 pAoc 

IOZH 3-Stete output leakage VOUT-5VOC, CS-Logical "1" 3 pAoc 

Isc + Output short-circuit current VOUT - OV, T A = 25°C 4.5 12 mAoc 

Isc - Output short-circuit current VOUT - Vee, T A = 25°C 9.0 30 mAoc 

lee Power supply current fCLK = lMHz, VREF/2 = Open, 3.0 3.5 mA 
CS-Logical "1", TA=25°C 

NOTES: 
1. Analog Inputs must remain within the range: -0.05 ... VIN ... Vee + 0.05V. 
2. Sea typical parlormace characteristics for input resistance at Vee - 5V. 

February 24, 1987 5-14 



Signetlcs Linear Products Product Specification 

CMOS 8-Bit AjD Converters ADC0801j2j3j4j5-1 

AC ELECTRICAL CHARACTERISTICS 

ADC080112/3/4/5 
SYMBOL PARAMETER TO FROM TEST CONDITIONS UNIT 

Min Typ Max 

Conversion time fCLK = lMHzl 66 73 /lS 

fCLK Clock frequency I 0.1 1.0 3.0 MHz 

Clock duty cycle I 40 60 % 

CR Free-running conversion rate CS = 0, fCLK = 1 MHz 
13690 conv/s 

INTR tied to WR 

tW(WI'i)L Start pulse width CS=O 30 ns 

tACC Access time Output RD CS = 0, CL = 100pF 75 100 ns 

tlH, toH Three-State control Output RD 
CL = 10pF, RL = 10kn 

70 100 ns 
See 3-State test circuit 

tWI, tRI INTR delay INTR 
WD 

100 150 
or RD 

ns 

CIN Logic input = capacitance 5 7.5 pF 

COUT 3-State output capacitance 5 7.5 pF 

NOTE: 
I. Accuracy is guaranteed at fCLK = t MHz. Accuracy may degrade at higher clock frequencies. 

I 
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Signetlcs Linear Products 

CMOS 8-Bit AjD Converters 

TYPICAL PERFORMANCE CHARACTERISTICS 
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Product Specification 

ADC0801j2j3j4j5-1 
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Signetlcs Linear Products 

CMOS 8-Bit AjD Converters 

3-STATE TEST CIRCUITS AND WAVEFORMS (ADC0801-1) 

Vee 

1m &.rr DATA OUTPUT 

CL 10k 

T ":" ":" ":" -= 
TC12130S 

Vee r iiii 50% 
GND ....,,10% 

- r t1H 
DATA V ... ~_ 

OUTPUTS ""-GND--___ ~ 

NOTE: 
t, ... 20ns 

TIMING DIAGRAMS (All timing is measured from the 50% voltage points) 

CONVE~~~: ---....... \\. ___ ...... ___ .11 
. u . 

"BUSY" 

ACTUAL INTERNAL "NOT BUSY" ~ 

Product Specification 

ADC0801j2j3j4j5-1 

toH. CL = 10pF 

::r"'-_ vee ~~_ 

RD 110% 
GND :/10% 

DATA Vee ~ 
OUTPUTS V... 10% 

NOTE: 
t, - 20ns 

STATUS OF THE ---------+ ..... -+-... ~I 
CONVERTER (LAST DATA WAS READ) 1 TO 8 x I!1CLK INTERNAL Te 

iNTii ~~T3~A_W~S..!:!O.!. ~A~ J 

Output Enable and Reset INTR 

NOTE: 
Read strobe must occur 8 clock periods (B/fclk) after assertion of interrupt to guarantee reset of 'l'fifm. 

February 24. 1987 5-17 

I 



Signetics 

Linear Products 

DESCRIPTION 
By using a half-flash conversion tech
nique, the B-bit ADC0820 CMOS AID 
offers a 1.5Jl.S conversion time while 
dissipating a maximum 75mW of power. 
The half-flash technique consists of 31 
comparators, a most significant 4-bit 
ADC and a least significant 4-bit ADC. 

The input to the ADCOB20 is tracked and 
held by the input sampling circuitry, elim
inating the need for an eldernal sample
and-hold for signals slewing at less than 
100mVl/As. 

For ease of interface to microproces
sors, the ADC0820 has been designed 
to appear as a memory location or lID 
port without the need for external inter
facing logic. 

FEATURES 
• Built·in track-and·hold function 
• No missing codes 
• No external clocking 
• Single supply - 5VDC 
• Easy Interface to all 

microprocessors, or operates 
stand-alone 

BLOCK DIAGRAM 

,.( 

February 1987 

ADC0820 
8-Bit, High-Speed, 
MP-Compafible AID Converter 
With Track/Hold Function 
Preliminary Specification 

• .. Latched 3-State outputs 
• Logic inputs and outputs meet 
. both MOS and TTL voltsge level 
specifications 

• Operates "ratlometrlcally or with 
any relerence value equal to or 

PIN CONFIGURATION 

D, F, N Packages 

v"" 
DIIO 

less than VDD . DB2 DB7 

• OV to 5V analog Input voltage 
range with· single 5V supply 

• No zero- or full-scale adjust 
required 

• Overflow output available for 
cascading 

• 0.3" standard width 2O-pln DIP 

APPLICATIONS 
• Microprocessor-based monitoring 

and control systems ' 
• Transducerl/AP Interface 
• Process control 
• Logic analyzers 
• Test and measurement 
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Signetics Unear Products Preliminary Specification 

8-Bit, High-Speed, IlP-Compatible A/D Converter 
With Track/Hold Function 

ADC0820 

ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

20-Pin Plastic DIP o to + 70·C ADC0820BNEN 

20-Pin Plastic SO package o to + 70·C ADC0820BNED 

20-Pin Plastic DIP o to + 70·C ADC0820CNEN 

20-Pin Plastic SO package o to + 70·C ADC0820CNED 

20-Pin Plastic DIP -40·C to +85·C ADC0820B5AN 

20-Pin Plastic SO package -40·C to + 85·C ADC0820B5AD 

20-Pin Plastic DIP -40·C to + 85·C ADC0820C5AN 

20-Pin Plastic SO package -40·C to + 85·C ADC0820CSAD 

20-Pin Ceramic DIP -55·C to +125·C ADC0820B5EF 

20-Pin Ceramic DIP -55·C to +125·C ADC0820C5EF 

PIN DESCRIPTION 

PIN NO SYMBOL DESCRIPTION 

1 VIN Analog input; range = GND .;; VIN .;; Voo 
2 DBO 3-state data output- Bit 0 (LSB) 
3 DBl 3-state data output - Bit 1 
4 DB2 3-state data output - Bit 2 
5 DB3 3-state data output- Bit 3 
6 WR/RDY WR·RD Mode 

WR: With c:s Low, the conversion is started on the falling edge of WR. Approximately 
800ns (the preset internal lime out, tl) after the WR rising edge, the result of the 
conversion will be strobed into the output latch, provided that RD does not occur prior to 
this lime out (see Figures 3a and 3b). 
RD Mode 
RDY: This is an open-drain output (no internal pull-up device). RDY will go Low after the 
falling edge of CS; RDY will go 3-State when the result of the conversion is strobed into 
the output latch. It is used to simplify the interface to a microprocessor system (see Figure 
1). 

7 Mode Mode: Mode selection input- it is internally tied to GND through a 30jlA current source. 
RD Mode: When mode is Low. 
WR-RD Mode: When mode is High. 

8 Rl5 WR·RD Mode 
With CS Low, the 3-State data outputs (DBO - DB7) will be activated when RD goes Low. 
Fin can also be used to increase the speed of the converter by reading data prior to the 
preset internal time out (TI - 800ns). If this is done, the data result transferred to output 
latch is latched after the falling edge of the RD (see Figures 3a and 3b). 
RD Mode 
With CS Low, the conversion will start with RD going Low; also, Rl5 will enable the 
3-State data outputs at the completion of the conversion. RDY going 3-State and INT 
going Low indicate the completion of the conversion (see Figure 1). 

February 1987 5-19 
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Signetlcs Uneor Products Preliminary Specification 

8~Bit, High-Speed, MP-Compatible A/D Converter 
With Track/Hold Function 

PIN DESCRIPTION (Continued) 

PIN NO SYMBOL DESCRIPTION 

9 m WR-RD Mode 

ADC0820 

m going Low indicates that the conversion is completed and the data result is in the 
output latch. INT will go Low - 800ns (the preset internal time out, tl) after the rising 
edge of WR (see Figure 3a); or m will go Low after the falling edge of RD, if RD goes 
Low prior to the 800ns time out (see Figure 3b). m is reset by the rising edge of AD or 
es (see Figures 3a and 3b). 
RD Mode 
iN'i going Low indicates that the conversion is completed and the data result is in the 
output latch. INT is reset by the rising edge of RD or ~ (see Figure 1). 

10 GND Ground 
11 VREF(-) The bottom of resistor ladder, voltage range; GND<;VREF(-) <;VREF(+) 
12 VREF(+) The top of resistor ladder, voltage range: VREF(-) <;VREF(+) <;Voo· 
13 CS es must be Low in order for the AD or WR to be recognized by the converter. 
14 DB4 3-State data output - Bit 4 
15 DB5 3-State data output - Bit 5 
16 DB6 3-State data output - BH 6 
17 DB7 3-State data output - Bit 7 (MSB) 
18 OF[ Overflow output-if the analog input is higher than the VREF(+)-Y2 LSB, OF[ will be low 

at the end of conversion. It can be used to cascade 2 or more devices to have more 
resolution (9, 10-bit). 

19 NC No connection 
20 Voo Power supply voltage 

ABSOLUTE MAXIMUM RATINGS1, 2 

SYMBOL PARAMETER RATING 

Voo Supply voltage 7 

Logic control inputs -0.2 to Voo + 0.2 

Voltage at other inputs and output -0.2 to Voo + 0.2 

TSTG Storage temperature range -65 to +150 

Po 
Maximum power dissipation3 

T A a 25'C (still-air) 
F package 1560 
N package 1690 
D package 1390 

TSOLD Lead temperature (soldering, 10sec) 300 

TA Operating ambient temperature range TMIN <;TA <;TMAX 
ADC0820BSEF/CSEF -55 to +125 
ADC0820BSAN/CSAN/BSAD/CSAD -40 to +85 
ADC0820BNEN/CNEN/BNED/CNED o to +70 

NOTES: 
1. Absolute Maximum Ratings are those values beyond which the IWe of the device may be 

impaired. 
2. All voltages are measured with respect to GNO, unless otherwise specified. 
3. Derate above 25'C, at the following rates: 

F package at 12.5mW"C. 
N package at 13.5mW"C. 
o package at 11.lmWrC. 
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Signetics Unear Products 

8-Bit, High-Speed, J,LP-Compatible A/D Converter 
With Track/Hold Function 

Preliminary Specification 

ADC0820 

DC ELECTRICAL CHARACTERISTICS RO mode (Pin 7 = 0), Voo = 5V, VREF(+) = 5V, and VREF(-) = GNO, unless otherwise 
specified. Limits apply from T MIN to T MAX. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ3 Max 

Resolution 8 8 8 bits 

Unadjusted error 1 AOC0820B ±h LSB 
AOC0820C ±1 LSB 

RREF Reference resistance 1 1.6 4 kO 

VREF(+) Input vollege VREF(-) Voo V 

VREF(-) Input voltage GNO VREF(+) V 

VIN Input voltage GNO-O.l Voo+O.l V 

CS=Voo 
Maximum analog input leakage current VIN= Voo -3 3 fJA 

VIN=GNO 

Power supply sensitivity Voo=5V±5% ± Y16 ± Y4 LSB 

CS, WR, RO 2.0 Voo V 
VIN(l) Logical "1" input voltage Voo= 5.25V 

Mode 3.5 Voo V 

CS, WR, RO GNO 0.8 V 
VIN(O) Logical "0" input vollege Voo= 4.75V 

Mode GNO 1.5 V 

VIN(l) = 5V; C~O 1 IlA 
IIN(l) Logical "1" input current VIN(l) = 5V; WR 3 fJA 

VIN(l) = 5V; Mode 30 200 fJA 

IIN(O) Logical "0" input current VIN(O) = OV; CS, RO, WR, Mode -1 fJA 
Voo = 4.75V, lOUT = -360!lA; 

2.4 4.6 V 
OBO - OB7, OFL, INT 

VOUT(l) Logical "1" output voltage 
Voo = 4.75V, lOUT = -10fJA 

4.5 4.74 V 
OBO - OB7, aJ=[, INT 

VOUT(O) Logical "0" output vollege Voo=4.75V,IOUT=1.6mA; 0.2 0.4 V OBO - OB7, aJ=[, INT, ROY 

loz 3-state output current 
VOUT = 5V; OBO - OB7, ROY 3 !lA 
VOUT=OV; OBO-OB7, ROY -3 !lA 

ISOURCE Output source current 
VOUT = OV, OBO - OB7, OFL 6 12 rnA 

INT 4.5 8 rnA 

ISINK Output sink current 
VOUT = 5V; OBO - OB7, OFL, INT, 

7 20 rnA 
ROY 

loe Supply current CS=WR=RO=O 6 15 rnA 

Vee Range 4.5 5.5 V 
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Slgnetlcs Linear Products 

8-Bit. High-Speed. IlP-Compatible A/D Converter 
With Track/Hold Function 

Preliminary Specification 

ADC0820 

AC ELECTRICAL CHARACTERISTICS voo = 5V, IR = IF = 20ns, VREF(+) = 5V, VREF( _) = OV, and T A = 25°C, unless 
otherwise specified. 

LlMITS4 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ3 Max 

leAD Conversion time for RD mode Mode s 0, Figure 1 1.6 2.5 jlS 

IACCD 
Access time (delay from failing edge 

Mode = 0, Figure 1 leRo + 20 leRO + 50 ns 
of RD 10 output valid) 

IcwR·RO Conversion lime for WR-RD mode 
Mode = VOO, IWR = 600ns, IRO = 600ns; 

1.52 jlS 
Figures 3a and 3b 

Min 
Mode = Voo, Figures 3a and 3b2 

600 ns 
IWR Wrile lime 

Max 50 jlS 

IRO Read lime Min Mode = Voo, Figures 3a and 3b2 600 ns 

Access lime (delay from falling edge 
Mode - Voo, IRO < II; 190 280 ns 

IACC1 of R15 10 oulpul valid) 
Figure 3b, CL = 15pF 

CL = l00pF 210 320 ns 

Access lime (delay from falling edge 
Mode = VOO, IRO > II; 70 120 ns 

IACC2 of RD 10 oulpul valid) 
Figure 3a, CL = 15pF 

CL = l00pF 90 150 ns 

II Inlernal comparison time 
Mode=Voo; 

800 1300 ns 
Figures 2 and 3a, CL = 50pF 

I1H,loH 
Three-state control (delay from rising 

RL = lkO, CL = 10pF 100 200 ns edge of RD 10 Hi-Z stale) 

Delay from rising edge of WR 10 
Mode = VOO, CL = 50pF 

tooL falling edge of INT IRO > II; Figure 3a tl ns 
lRo < II; Figure 3b tRO + 200 IRO + 290 ns 

tooH 
Delay from rising edge of R15 10 Figures 1, 3a, and 3b, 

125 225 ns 
rising edge of INT CL = 50pF 

ITFITHWR 
Delay from rising edge of \VA 10 

Figure 2, CL = 50pF 175 270 ns 
rising edge of 1liI'f 

IROY Delay from ~ 10 ROY Figure 1, CL = 50pF, Mode - 0 50 100 ns 

tiD Delay from m 10 outpul valid Figure 2 20 50 ns 

IRI Delay from RD to INT Mode = Voo, IRO < II; 
200 290 ns Figure 3b 

Ip 
Delay from end of conversion to 

Figures 1, 2, 3a, and 3b2 500 ns 
next conversion 

SR Slew rale, tracking 0.1 VljlS 

CvIN Analog inpul capacitance 45 pF 

CaUT Logic oulpul capacHance 5 pF 

CIN Logic inpul capacHance 5 pF 

NOTES: 
1. Unadjusled EllTor includes offset, full-scale, and linearity errors. 
2. Accuracy may degrade W tWR or lAD is shorter 1han lhe minimum value specified. 
3. Typicals are at 25°C and represent most likely paramatric norm. 
4. Guaranteed but not 100% production tested. These limits are not used to calculate outgoing qualHy levels. 
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3-5TATE TEST CIRCUITS AND WAVEFORMS 

I--r----.--o=:u.r 

lk 

VDD-=tJr-
1IIJ~1~1-1ott 
:: 10%J2:1ott 

DATA 
OUTPUTS VOL ___ ...... -10% 

.".ao .0 

MODE-LOW 

\ 

'-----

RDY--+~ 
(OUTPUll 

lIlT 

Figure 1. RD Mode 
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MODE-HIGH 
eli x III- LOW 

Ip 

~------~--I--~~----

February 1987 

DBO-DB7 } 

Figure 2. Stand-Alone Mode 

MODE = HIGH 

I----'.,.--+--I 

ceo-Da7 -------------------

a. WR - RD Mode (tRD > tl> 

b. WR - RD Mode (tRD < tl> 

Figure 3 
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FUNCTIONAL DESCRIPTION 
General Operation 
The ADC0820 uses two 4-bit flash AID con
verters to make an 8-bit measurement (Block 
Diagram). Each flash ADC is made up of 15 
comparators which compare the unknown 
input to a reference ladder to get a 4-bit 
result. To take a full 8-bit reading. one flash 
conversion is done to provide the 4 most 
significant data bits (via the MS flash ADC). 
Driven by the 4 MSBs, an internal DAC 
recreates an analog approximation of the 
input voltage. This analog signal is then 
subtracted from the input, and the difference 
voltage is converted by a second 4-bit flash 
ADC (the LS ADC), providing the 4 least 
significant bits of the output data word. 

The internal DAC is actually a subsection of 
the MS flash converter. This is aocomplished 
by using the same resistor ladder for the AID 
as well as for generating the DAC signal. The 
DAC output is actually the tap on the resistor 
ladder which most closely approximates the 
analog input. In addition, the "sampled data" 
comparators used in the ADC0820 provide 
the ability to compare the magnitudes of 
several analog signals simultaneously, with-

out using input summing amplifiers. This is 
especially useful in the LS flash ADC, where 
the signal to be converted is an analog 
difference. 

The Sampled-Data Comparator 
Each comparator in the ADC0820 consists of 
a CMOS inverter w~h a capacitively-coupled 
Input (Figure 4). Analog switches connect the 
two comparator inputs to the input capacitor 
(C) and also connect the inverter's input and 
output. This device in effect now has one 
differential input pair. A comparison requires 
two cycles, one for zeroing the comparator, 
and another for making the comparison. 

In the first cycle, one input switch and the 
inverter's feedback switch (Figure 4a) are 
closed. In this interval, C is charged to the 
connected input (VI) less the inverter's bias 
voltage (V s, approximately 1.6V). In the sec
ond cycle (Figure 4b), these two switches are 
opened and the other (V2) input's switch is 
closed. The input capacitor now subtracts its 
stored voltage from the second input and the 
difference is amplified by the inverter's open 
loop gain. The inverter's input (Vs') becomes 

Vl=r~ C A Vo 

Vs 

V2~ rCS 

• Vo = Vs 
• V ON C = VI - va 
• Cs = SlRAY INPUT 

NOOE CAPACITOR 
• V. = INVERTER INPUT 

BIAS VOLTAGE 

a. Zeroing Phase 

Figure 4. Sampled Data Comparator 

Preliminary Specification 
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Vs'=Vs+(V2-VI) _C_ 
C+Cs 

and the output will go High or Low depending 
on the sign of Vs'-Vs. 

The actual circuitry used in the ADC0820 is a 
simple but important expansion of the basic 
comperator described above. By adding a 
second capacitor and another set of sw~hes 
to the input (Figure 5), the scheme can be 
expended to make dual differential compari
sons. In this circuit, the feedback switch and 
one input switch on each capacitor (Z 
switches) are closed in the zeroing cycle. A 
comparison is then made by connecting the 
second input on each capac~or (S ~ches) 
and opening all of the other switches. The 
change in voltage at the inverter's input, as a 
result of the change in charge on each input 
capacitor, will now depend on both input 
signal differences. 

Architecture 
In the ADC0820, 15 comparators are used in 
the MS and LS 4-b~ flash AID converters. 
The MS (most significant) flash ADC also has 
one additional comparator to detect input 
overrange. These two sets of comparators 
operate alternately, w~h one group in its 
zeroing cycle while the other is comparing. 

• VB' -Vs-IV2-Vll-C-c+Cs 

• Vo'· c :~. [CV2 - CYl1 

• Vo' IS DePI!NDENT ON ¥J-Vl 
TC20871S 

b. Compare Pha .. 

Figure 5. ADC0820 Comparator (From MS Flash ADC) 
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To stSrt a conversion in the WR-RD mode, 
the WR line is brought Low. At this instant the 
MS compsrators go Irom zeroing to compari
son mode (Figure 8). When WR is returned 
High after at least 600n8, the output from the 
first set of compsrators (the first flash) is 
decoded and latched. At this pOint the twO 4-
bit converters change modes and' the LS 
(least significant) flash ADC enters its com
pare cycle. No less than 600ns later, the RD 
line may be pulled Low to latch the lower four 
data bits and finish the 8-bit conversion. 
When m; goes Low, the flash AIDs change 
state OlJca again in preparation fbr the next 
conversion. 

Figure 8 also outlines how the converter's 
interface timing relates to its analog input 
(VIN). In WR-RD mode, VIN is measured while 
WR is Low. ,In RD mode, sampling occurs 
during the first 800ns of Rti. Because of the 
input connections to the ADC0820's LS and 
MS comparators, the converter has the ability 
to sample VIN at one instant, despite the fact 
thai two separate 4-bit conversions are being 
done. More ,specifically, when WR'is Low the 
MS flash is In compare mode (connected to 
VIN, and the LS flash is in zero mode (also 
connected to Vlil/). Therefore both flash AOCs 
sample VIN at the same time, 

Digital Interface 
The ADC0820 has two basic interface modes 
which are selected by strapping the Mode pin 
High or Low. 

RD Mode (Figure 68) 
With the Mode pin grounded, the converter is 
set to Read mode. In this configuration, a 
complete conversion is done by pulling Rl5 
Low until output data appears. An INT line is 
provided which goes Low at the end of the 
conversion as well as a ROY output which 
can be used to signal a procassor that the 
converter is busy or can also serve as a 
system Transfer Acknowledge signal. 

When in RO mode, the comparator phases 
are internally triggered. At the falling edge of 
Rti, the MS flash converter goes from zero to 
compare mode and the LS AOC's compara
tors enter their zero cycle. After 800ns, data 
from the MS flash is latched and the LS flash 
ADC enters compare mode. Following anoth
er 800ns, the lower four bits are recovered. 

WR Then RD Mode (Figures 6b and c) 
With the 'Mode pin tied High, the AID will be 
set up for the WR-RD mode. Here, a conver
sion is started with the WR input; however, 
there are two options for reading the output 
data which relate to interface timing. If an 
interrupt-driven scheme is desired, the user 
can wait for iiiI'i' to go Low before reading the 
conversion result. INT will typically go Low 
800ns after WR's rising edge. However, If a 
shorter conversion time, is desired, the pro
cessor need not walt for iiiI'i' and can exer-

February 1987 
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a. RD Mode (Pin 7 Is Low) 
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b. WR - RD Mode (Pin 7 Is High and tRO < tl) 

I _________ \ ... __ -'-C 
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c. WR - RD Mode (Pin 7 is High and tRO > tl) 
Figure 6 
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cise a Read after only 600ns. If this is done, 
INT will immediately go Low and data will 
appear at the outputs. 

Stand-Alone (Figure 7) 
For stand-alone operation in WR-RD mode, 
CS and F!D can be tied Low and a conversion 
can be started with WR. Data will be valid 
approximately BOOns following WR's rising 
edge. 

Other Interface Considerations 

CSLOW 

RDLOW 

Wii 

iNf I 
DBO-DB7 ) 
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In order to maintain conversion accuracy, WR 
has a maximum width spec of 501lS. When 
the MS flash ADC's sampled data compara
tors are in comparison mode (WR is Low), the 
input capacitors (C, Figure 5) must hold their 
charge. Switch leakage can cause errors if 
the comparator is left in this phase for too 
long. 

Figure 7. WR - RD Mode (Pin 7 IB High) 
Stand-Alone Operation 

Since the MS flash ADC enters its zeroing 
phase at the end of a conversion, a new 
conversion cannot be started until this phase 
is complete. The minimum spec for this time 
is 500ns (tp in Figure t, 2, 3a, and 3b). 

ANALOG CONSIDERATIONS 

Reference and Input 
The two VREF inputs of the ADCOB20 are fully 
differential and define the zero- to full-scale 
input range of the AID converter. This allows 
the designer to easily vary the span of the 
analog input since this range will be equiva
lent to the voltage difference between VIN(+) 
and VIN(-). By reducing VREF(VREF = VREF(+) 
- VREF(-)) to less than 5V, the sensitivity of 
the converter can be increased (i.e., if 
VREF = 2V, then 1 LSB = 7.BmV). The input! 
reference arrangement also facilitates ratiom
etric operation and, in many cases, the chip 
power supply can be used for transducer 
power as well as the VREF source. 

This reference flexibility lets the input span 
not only be varied, but also offset from zero. 
The voltage at V REFH sets the input level 
which produces a digital output of all zeroes. 

Wi! / 

Though VIN is not itself differential, the refer
ence design affords nearly differential-input 
capability for most measurement applica
tions. Figure 9 shows some of the configura
tions that are possible. 

Input Current 
Due to the unique conversion techniques 
employed by the ADCOB20, the analog input 
behaves somewhat differently than in con
ventional devices. The AID's sampled data 
comparators take varying amounts of input 
current depending on which cycle the conver
sion is in. 

The equivalent input circuit of the ADCOB20 is 
shown in Figure lOa. When a conversion 
starts (WR Low, WR-RD mode), all input 
switches close, connecting VIN to 31 1 pF 
capacitors. Although the two 4-bit flash cir
cuits are not both in their compare cycle at 
the same time, VIN still sees all input capaci
tors at once. This is because the MS flash 
converter is connected to the input during its 
compare interval and the LS flash is connect
ed to the input during its zeroing phase. In 
other words, the LS ADC uses VIN as its zero
phase input. 

The input capacitors must charge to the input 
voltage through the on resistance of the 

.J 

L SOOn. 

analog switches (about 5kn to 10kn). In 
addition, about 12pF of input stray capaci
tance must also be charged. For large source 
resistances, the analog input can be modeled 
as an RC network as shown in Figure lOb. As 
Rs increases, it will take longer for the Input 
capacitance to charge. 

In RD mode, the input switches are closed for 
approximately BOOns at the start of the con
version. In WR-RD mode, the time that the 
switches are closed to allow this charging is 
the time that ~ is Low. Since other factors 
force this time to be at least 600ns, input time 
constants of lOOns can be accommodated 
without special consideration. Typical total 
input capacitance values of 45pF allow Rs to 
be 1.5kn without lengthening ~ to give VIN 
more time to settle. 

Input Filtering 
It should be made clear that transients in the 
analog input signal, caused by charging cur
rent flowing into VIN, will not degrade the AI 
D's performance in most cases. In effect, the 
ADCOB20 does not "look" at the input when 
these transients occur. The comparators' out
puts are not latched while ~ is Low, so at 
least 600ns will be provided to charge the 
ADC's input capacitance. It is therefore not 

\ 
TO REFERENCE LADDER. 1_' MSCOMPARATORSZERO J 

• MS COMPARATORS COMPARE • MS COMPARATOR OUTPUTS • LS COMPARATOR OUTPUTS 
• LS COMPARATORS FLOAT ~D~~~~.~~~~~~RATOR ARE LATCHED. THE MS ARE LATCHm AND CAN 

DAC IS SET. THE MS Bl!READ. 
OUTPUTS DIGITALLY TRACK COMPARATOR FLOATS. • US COMPARATORS RETURN 
VIN-VLADDERTAP • LS COMPARATORS COMPARE TO ZERO MODE • 

• LS COMPARATORS ZERO TO LSB SECTION OF REFERENCE 

~';~A~'::"IT~::~~~K V,N• 
LADDER. 

Figure 8. Operating Sequence (WR - RD Mode) 
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V'N!+) v .. !+) IN+ 

V,.,!-) VIN!-) GND 

-=-
Uk 

5V 5V REF(-) 

2.SV REF(-) REF(-) 

-=- -=-
LOOn41S 

a. External Reference 2.SV Full-Scale b. Power Supply as Reference 

Figure 9. Analog Input Options 

As RoN lpF 

V .. -.......,.,..---;-..J\ITo\l'rLSB-~-...-:r T. lpF 

R-LADDER • I 
• -= 

15 LSB COMPARATORS 

RoN lpF 

.=:---X ~:I" 
• -=-

a. 
Figure 10 
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necessary to filter out these transients by 
putting an external cap on the VIN terminal, H 

an input amplifier that can settle within 600ns 
is used to drive the input. The NE530 is a 
suitable op amp for driving the input of the 
ADC0820. 

Inherent Sample-Hold 
Another benefit of the ADC0820's input 
mechanism is its ability to measure a variety 
of high-speed signals without the help of an 
external sample-and-hold. In a conventional 
SAR type converter, regardless of its speed, 
the input must remain at least ~2 LSB stable 
throughout the conversion process if full ac
curacy is to be maintained. Consequently, for 
many high-speed signals, this signal must be 

externally sampled, and held stationary dur
ing the conversion. 

Sampled data comparators, by nature of their 
input switching, already accomplish this func
tion to a large degree (Section 1.2). Although 
the conversion time for the ADC0820 is 
1.51'8, the time through which VIN must be Y:! 
LSB stable is much smaller. Since the MS 
flash ADC uses VIN as its "compare" input 
and the LS ADC uses VIN as its "zero" input, 
the ADC0820 only "samples" VIN when ~ 
is Low. Even though the two flashes are not 
done simultaneously, the analog signal is 
measured at one instant. The value of VIN 
approximately 100ns after the rising edge of 
~ (100ns due to internal logic propagation 
delay) will be the measured value . 

• 5V - ...... --t------I 

Figure 11_ 8·Blt Resolution Configuration 

... 

+5V Y..,(+) IRT 

.. v VDO 

De7 

r r V..,(-I D80 

ON. 

MODE 

Figura 12, Telecom AID Converter 
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Input Signals with slew rates typically below 
1 OOmVl 1'8 can be converted without error. 
However, because of the input time con
stants, and charge injection through the 
opened comparator input switches, faster 
signals may cause errors. Still, the 
ADC0820's loss in accuracy for a given 
Increase in signal slope is far less than what 
would be witnessed in a conventional succes
sive approximation device. An SAR type con
verter with a conversion time as fast as 11'8 
would still not be able to measure a 5V, 1 kHz 
sine wave without the aid of an external 
sample-and-hold. The ADC0820, with no 
such help, can typically measure 5V, 7kHz 
waveforms. 
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+5V VDD l:I 

MODE WI! 

-i"~i~ L 
1111 

~ 
VAEI' V.."I+) 

Y'N Y,N DB7 

DBO I---

V • .,(-) 

lk ~GND lII'L 

r+ SIc 

+5V 
J.~ 

I 
Voo l:I 

I 
lk MODE WI! 

-III! I-- l -
V • .,(+) 

Y,N DB7 t----
DBO 

V • .,(-) 

t-- GND OFt: 

'7 

Figure 13. 90Bit Resolution Configuration 
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Signetics NEjSE5030 
High-Speed Microprocessor
Compatible Analog-to-Digital 
Converter 

Linear Products 

DESCRIPTION 
The NE/SE5030 is a monolithic 10-bit. 
microprocessor-compatible Analog-to
Digital Converter which is manufactured 
on a high-speed bipolar process using 
thin film resistors. The conversion pro
cess is a new multi-step technique which 
combines parallel conversion and suc
cessive approximation. allowing com
plete 10-bit conversion in just 2.5 jJS at 
the maximum 3M Hz clock rate. The fast 
conversion rate makes the NE/SE5030 
excellent for a wide range of applica
tions where system throughput sampling 
rates up to 360kHz are required. 

ORDERING INFORMATION 

Objective Specification 

FEATURES 
• Mlcroprocessor-compatible 
• Fast conversion (2.5JlS) 
• Relative accuracy }'4 LSB typical 
• 2.5V signal input range 
• Accomodates either unipolar or 

bipolar input 
• TTL-compatlble digital Inputs/ 

outputs 
• No missing codes over temp 

range 
• Three-state outputs 
• High Impedance analog Input 
• Low TC internal reference 

(5ppml"C typical) 

APPLICATIONS 

• Process control 
• Test and measurement 
• Machine tools 
• Robotics 
• Industrial monitoring 
• High-speed waveform digitizing 
• High-speed correlators 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

24-Pin Cerdip o to +70·C NE5030F 

24-Pin Cerdip o to +70·C SE5030F 
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F PACKAGE 

+ Vee 

09 (MSB) 

D9 

D7 

D6 

05 

04 

03 

D2 

S'i'AR'f 01 

CS DO (LSB) 

OE EOC 

TOP VIEW 

* Make no external connection 

PIN 
NO. SYMBOL 

1 V REF OUT 

FUNCTION 
2.SV reference output voltage of the 
temperature compensated internal 
reference. 

2 VREF IN Reference input for the converter. 
(Connect pin 1 to pin 2 or connect an 
external 2.S00V reference voltage to pin 
2.) 

Make no extemal connection. 
-5V (± 5%) negative supply pin. 
Analog input voltage. 

Unipolar range OV to + VREF 
Bipolar range -VREF/2 to +VREF/2 

6 ANA COM Analog common point to which all Analog 
signals are to be referenced. 

7 DIG COM Digital common point to which all digital 
signals are to be referenced. 

8 BIPOLAR Logic input for selecting either unipolar or 
bipolar mode of operation. 

9 CLOCK 
10 START 

11 CS 

12 C5E 

13~ 

Logic high selects unipolar mode 
Logic low selects bipolar mode 

Single phase clock Signal input 
Start signal input. Low-golng edge initiates 

a conversion cycle. 
Chip Select. Must be low to enable 

conversion or read output data. 
Logic low causes normal operation 

(enables operation) 
Logic high inhibits conversion and 

holds output data lines in high 
impedance mode 

Output enable. _ 
Logic low when CS is low enables output 

buffers 
Logic high puts outputs into the high 

impedance state 
End of Conversion output signal. This 

output voltage goes low after the end of 
a conversion. This output voltage is 
reset to a logic high by a low level on the 
DE pin. 

14- DO - 09 Three-state buffer outputs (09 is MSB, DO 
23 is LSB). When c:5E is low. the converted 

24 Vee 
data word is available at these pins. 

+ 5V (± 5%) positive supply voltage pin. 

I 
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ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

+ Vee Positive supply voltage +8 V 

-Vee Negative supply voltage -8 V 

Analog input range ±3.5 V 

Digital input voltage -0.5 to Vee V 

Analog common to digital common ±1 V 

VREF OUT short-circuit to common Indefinite 

VREF OUT short-circuit to Vee 60 seconds 

VREF IN applied voltage o to 5 V 

Digital output pins applied voltage 
-0.5 to Vee V 

to logic high output s 

Dig Hal output sink current 10 mA 

TA Operating temperature range 
NE5030 o to +70 ·C 
SE5030 -55 to +125 ·C 

TSTG Storage temperature range -60 to +150 ·C 

Po Power dissipation 600 mW 

BLOCK DIAGRAM 

~~--~------------------------------------~ 

[ 
v,., .0;;----------+--1 

1iIPlltAii • 

.J1.IlJ1. CIoK • 

"l. _'0 

February 1967 
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DC ELECTRICAL CHARACTERISTICS Vee = 5V, VEE = -5V, T A = 0 to 70°C for NE5030, T A = -55 to + 125°C for SE5030, 
FCLK .;; 3MHz unless otherwise noted 

LIMITS 
SYMBOL PARAMETER CONDITIONS UNIT 

Min Typ Max 

Resolution 10 10 10 Bits 

Relative accuracy error I, 2 ±1/4 ±1/2 LSB 

DNL Differential linearity error3 10 bits 

Code width error ±1/4 ± 112 LSB 

EFS Full-scale gain error TA = 25°C ±1 ±2 LSB 
over operating temp range ±1 ±5 LSB 

Euos Unipolar offset error TA = 25°C ±0.5 LSB 
over operating temp range ±1.0 LSB 

Eeos Bipolar offset error TA = 25°C ±0.5 LSB 
over operating temp range ± 1.0 LSB 

Analog input range 
Unipolar BIPOLAR = 2.0V 0 + VREF V 
Bipolar BIPOLAR = 0.8V - VREF/2 + VREF/2 V 

Ie Analog input bias current 1 5 pA 

ZIN Analog input impedance 1 3 Megohms 

VREF Reference voltage output TA = 25°C 2.495 2.500 2.505 V 

TCREF Reference voltage drift" over operating temp range 
±1.25 ±2.5 mV 
(±5) (±10) (ppm/°C) 

IL (REF) Reference external load 2 2.5 rnA 

IREF IN Reference input current VREF IN = 2.5V 2 3 rnA 

VCC Pos supply operating range 4.75 5 5.25 V 

VEE Neg supply operating range -4.75 -5 -5.25 V 

PSR Power supply rejections VCC = 4.75 to 5.25V ±0.25 LSB 
VEE = -4.75 to -5.25V 

lee Positive supply current Vee = 5.25V, VEE = -5.25V 36 45 rnA 

lEE Negative supply current Vee = 5.25V, VEE = -5.25V 50 60 rnA 

Logic inputs 

VIH LogiC 1 input voltage 2.0 V 

VIL Logic 0 input voltage 0.8 V 

VIH = 2.4V, T A = 25°C 10 pA 
IIH Logic 1 input current VIH - 2.4V, over operating 20 IJA 

temp range 

VIL = O.4V, TA = 25°C 200 pA 
IlL Logic 0 input current VIL = O.4V, over operating 400 pA 

temp range 

Logic outputs 

VOH Logic 1 output voltage IOH = -400pA, CS = OE = O.8V 2.4 3.2 V 

VOL Logic 0 output voltage IOL = 1.6mA, CS = OE = 0.8V 0.2 0.4 V 

OE = 2.0V, VOL = OV or 5V, 

loz Three-state leakage TA = 25°C ±10 ±20 pA 
OE = 2.0V, VOL = OV or 5V, ± 100 pA 

over temp 

NOTES: 
1. Specifications given in LSB refer to the weight of the least significant bit at Ihe to-bit level, which is 0.1 % of the full scale voltage. 
2. Relative accuracy is defined as the deviation of the actual code transHion pOints from a straight line drawn between the first code transition pOint and 

the final code transition pOint. 
3. Resolution for which the device is guaranteed to have no missing codes. 
4. Deviation of the reference voltage output over the operating temperature range from its 2S"C value. 
5. Maximum change in the final code transition point. This will also result in a linear change in all lower order codes. 
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AC ELECTRICAL CHARACTERISTICS vee = 5V, VEE = -5V, TA = 25°C, fClK = 5MHz 

SYMBOL PARAfo!lETER TO 

fClK Max clock frequency 

twcp Positive clock pulse width 

tWCN Negative clock pulse width 

tCONV Conversion time 

tw START pulse width 

Is Setup time ClK 

tp (DATA) Access time 
DBO-
DB9 

tp (3.STATE) Disable time Hi-Z 

tp (EDC) Propagation delay EOC Hi 

NOTES: 
,. Maximum clock frequency. Subject to change before product release. 
2. Frequency In MHz. 

TIMING DIAGRAM 

CLOCK 

--l i-Iwcp -I 1-'-' 
Ci 

--=1l 1--10 

i5E 

~ ~~ 
START U 

"DO & DB 

"D7& D6 ~ 

"DS& D4 ~ 

FROM 

START 

~ 

~ 

~ 

I 
"D3 & D2 ~I 
"D, &DO ~~ 

me 

EDGE 
Min 

3.0' 

90 

90 

100 

HI-LOW TBD 

HI-LOW 

LOW-HI 

HI-LOW 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I I 
--l 
I 
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liMITS 
UNIT 

Typ Max 

4.0 MHz 

ns 

ns 

7.51fClK 2 ns 

TBD ns 

TBD TBD ns 

TBD TBD ns 

TBD TBD ns 

• Timing diagram shows Internal logic operation for the sake of short cyCle operation. Data outputs are in Hi~Z state until 'OE and e§ are both 
brought to a logic low. 
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High-Speed Microprocessor
Compatible Analog-to-Digital Converter 

CIRCUIT DESCRIPTION 
The SE/NE5030 is a microprocessor compat
ible, high speed, 10-bit Analog-to-Digital con
verter. The device uses a new multi-step 
parallel conversion schemel which deter
mines two bits of the digital word in each 
conversion step, permitting a fast 2.5JlS con
version time. 

Refer to the block diagram. The full-scale 
current of the DAC is VREF/R. When conver
sion is initiated, the successive approximation 
register (SAR) directs the two MSB currents 
of the DAC (19 and 18) to iQ and the remaining 
bit currents of the DAC (including the DAC RI 
2R termination current) to 101. This divides 
the input signal range into four equal subrang
es. The three latched comparators determine 
into which of these subranges the input 
voltage falls. The decoded outputs of these 
comparators determine the two MSBs (D9 
and D8), which are stored in the SAR. 

In each subsequent step, the SAR controls 
the DAC such that the complement of the 
previously determined bits are directed 
through 102; the bits currently being deter
mined are directed through iQ, and the re
mainder of the bits are directed through 101' 
In this manner the subrange containing the 
analog input voltage in the previous step is 
divided into four smaller subranges and two 
bits of the digital output are determined. At 
the end of five steps the SAR contains a 10-
bit binary code which accurately represents 
the input signal to within ± Y2 LSB. 

FUNCTIONAL DESCRIPTION 
With an external clock signal connected to 
the CLOCK IN pin, CS at a logic low, and OE 
at a logic high, a conversion cycle is initiated 
with the application of an external start pulse 
applied to the START pin. The SAR se
quences through the conversion as described 
above. At the end of the conversion, the end
of-conversion flag (EOG) goes 10w.'The EOC 
flag can be used to interrupt a microproces
sor or otherwise notify a processor or control
ler that a conversion is completed. OE may 
then be forced low (while holding CS low), 
enabling the three-state output buffers so that 
the converted word may be read. Bringing the 
OE pin low while the CS pin is low also resets 
the EOC flag to a logic high. It istecom
mended that OE be brought to a logic high 
prior to the application of another START 
pulse. If OE were to remain low during a 
conversion, the output buffers would be en
abled and would switch states during the 
conversion. This switching can couple into 
the analog input through parasitic capaci-

February 1987 

tances, causing erroneous conversion re
sults. 

The application of another START pulse 
while a conversion is in progress will halt the 
conversion in progress and begin a new 
conversion cycle. If a START pulse is re
ceived while the CS input is at a logic high, 
that START pulse is ignored. The outputs will 
be in the high impedance state as long as 
either CS or the OE input is at a logic high. 

LOGIC INPUTS AND OUTPUTS 
All the logic inputs (BIPOLAR, CLOCK IN, 
START, CS, OE) respond to TTL level signals 
and present one LS TTL load to the driving 
source. The logic outputs are capable of 
driving two TTL loads. If long digital lines or a 
heavily loaded bus must be driven, external 
logic buffers are recommended. 

VOLTAGE REFERENCE 
The internal voltage reference (2.5V ± 0.2%) 
is of a second order-corrected deSign. The 
output voltage is trimmed at the wafer level by 
the "Zener zap" technique to have a temper
ature coefficient of less than ± 10ppm/oC 
(average) over the operating temperature 
range. VREF OUT (Pin 1) and VREF OUT (Pin 2) 
are not internally connected and should be 
connected together close to the device. The 
voltage reference output (Pin 1) can provide 
up to 2mA to an external load for other 
system applications. The current drawn by 
any external load must remain constant dur
ing a conversion. 

ANALOG INPUT 
The analog input voltage to ge digitized is 
connected between VIN (Pin 5) and Analog 
Common (Pin 6). The device operates in 
either a unipolar mode (input range of 0 to 
VREF) or in a bipolar mode (input range of 
- VREF/2 to + VREF/2). The TTL compatible 
BIPOLAR input is used to select the mode. 

When the BIPOLAR input is high, the device 
operates in the unipolar mode. The input 
range is then 0 to + VREF (2.5V nominal). The 
nominal value of the LSB is 2.44mV. The SEI 
NE5030 is designed to have a 1 12 LSB offset 
so that the analog input exactly correspond
ing to a given code will fall in the center of 
that code's input range. Thus, the ideal input 
voltage to cause the first transition (from 00 
0000 0000 to 00 0000 0001) will occur for an 
input voltage of 1.22mV, and the final transi
tion (from 1111111110 to 111111 1111) will 
ideally occur for an input voltage of 
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2496.34mV, or 1.S LSB below the 2.SV refer
enC8. 

For bipolar operation, the BIPOLAR input is 
set to a logic low. This shifts the transfer 
curve of the AID by VREF/2 so that the input 
voltage range is now -(VREF/2) to + (VREFI 
2), or (-1.25V to + 1.25V nominal). The ideal 
transition of code from 00 0000 0000 to 00 
00000001 occurs at an input of -1248.78mV, 
and the final code transition (11 1111 1110 to 
11 1111 1111 occurs at 1246.34mV. 

The high input impedance of the SE/NE5030 
analog input simplifies the requirements of 
the Signal source driving the SE/NES030, 
eliminating the need for specialized drive 
circuitry. 

POWER SUPPLY DECOUPLING 
AND LAYOUT 
CONSIDERATIONS 
Since one LSB of the SEINE5030 input is just 
2.44mV, good layout and grounding tech
niques are crucial to attaining optimum perfor
mance. 

The power supplies should be filtered, well 
regulated, and free of high-frequency noise. 
Use of noisy supplies will cause unstable 
output codes to be generated. The power 
supplies should be bypassed to Analog Com
mon with tantalum or electrolytic capacitors in 
parallel with a small, high-frequency bypass. 
Suitable bypasses would be 221lF electrolytic 
capacitors with 0.11lF ceramic capacitors in 
parallel with them. These capacitors should 
be located close to the device. 

Analog Common and Digital Common are not 
connected internally and should be connect
ed together as close to the device as possi
ble. Low impedance analog and digital com
mon returns are important for optimum perfor
mance. The power supply returns should be 
connected to the Digital Common of the 
device. The Analog Common is the ground 
reference point for the internal voltage and 
should be connected directly to the Analog 
Common reference point of the system. 

Coupling between the digital lines and the 
Analog Input should be minimized by careful 
printed circuit board layout. The layout should 
attempt to locate the analog Circuitry and their 
interconnections as far from the logic circuitry 
as is possible. Use of wire wrap techniques or 
plug-in type boards is not recommended. 

NOTE: 
1. M. Kolluri: "A Multi-Step Parallel 10-Bit 1.51ls 

ADC," ISSCC Digest of Technical Papers, 
p 60-61; Feb 1984. 
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DESCRIPTION 
The NE5034 is a high~speed micropro
cessor-compatible a-bit analog-to-digital 
converter. It uses the" successive ap
proximation conversion technique, and 
includes the comparator, reference 
DAC, SAR, an internal clock and 3-State 
buffers all on the same chip. 

The converter can accommodate a wide 
analog input voltage range, bipolar or 
unipolar, selectable through external in
put resistors. An external capacitor con
trols the internal clock frequency, provid
ing conversion times down to 17/-15. 
Faster conversion times are possible 
using an external clock. 

Microprocessor interfacing requirements 
are simple, allowing analog-to-digital 
conversion with a minimum of external 
components. 

ORDERING INFORMATION 

NE5034 
a-Bit High-Speed AID Converter 
Product Specification 

FEATURES 
• 8-blt resolution and accuracy 
• Accepts unipolar or bipolar 

inputs 
• 3-State output buffers for easy 

microprocessor Interface 
• Choice of internal or external 

clocking 
• Short conversion time, 17j.1S 

typical using Internal clock 

APPLICATIONS 
• All microprocessor-based 

monitoring and control systems 
requiring analog signal inputs 

• Typical applications Include: 
Automated process control, 
machine tools, robots, test and 
measurement Instruments, 
environmental controls 

• Other applications include: 
Ratlometric AID conversion, very 
high resolution AID conversion 
systems requiring high-speed 
8-bit building blocks 

PIN CONFIGURATION 

F Package 

TOP VIEW 
CD10620S 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

18-Pin Cardip o to +70·C NE5034F 

BLOCK DIAGRAM 

IRUIN +Vc:c -Vee 

eLK Da7 • • DBO 
(MS.) (lSI) 
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a-Bit High-Speed AID Converter NE5034 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Vcc+ Positive supply voltage o to +6 V 

Vce- Negative supply voltage o to -15 V 

IREF Reference current 1.5 mA 

liN Analog input current 5.0 mA 

Vo Data output voltage 6.0 V 

Vl 
Analog GND to Digital GND 1.0 V 
Logic input voltage -1 to Vcc+ V 

PD 
Maximum power dissipation, T A = 25·C 
(still-air)1 

F package 1500 mW 

TA Operating temperature range o to +70 ·C 

TSTG Storage temperature range -65 to +150 ·C 

TSOLD Lead soldering temperature (10 seconds) 300 ·C 

NOTE: 
1. Derate above 25°C at the following rates: 

F package at 12.0mW re. 

DC ELECTRICAL CHARACTERISTICS +Vcc=5.0V, -Vcc=-12V, 0·C';;;TA';;;70·C unless otherwise specified. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Resolution 8 8 8 Bits 

Relative accuracy error 1. 2 ±h LSB 

Vcc+ Positive supply range 4.75 5.0 5.25 V 

Vce- Negative supply range -11.4 -12 -12.6 V 

€FS Full-scale gain error IREF = 1.0mA, TA = 25·C ±2 ±5 LSB 

€zs Zero-scale offset error IREF = 1.0mA, TA = 25·C to.5 ±1 LSB 

PSR Power supply rejection3 
IREF = 1.0mA, 

Vcc=+4.75 to +5.25V, t Y2 LSB 
Vcc=-II.4 to -12.6V 

VIH Logic 1 input voltage (STRT and OE) 2.0 V 

VIH Logic 1 input voltage ext. clock 2.4 V 

Vil Logic 0 input voltage (STRT and OE) 0.8 V 

Vil Logic 0 input voltage ext clock 0.7 V 

IIH Logic 1 input current (STRT and aE) VIN= 2.4V 20 pA 

IIH Logic 1 input current ext clock VIN= 2.4V 100 pA 

III Logic 0 input current (S'mT and OE) VIN= 0.4V -20 -100 pA 

III Logic 0 input current ext. clock VIN =0.7V -100 pA 

VOL Logic 0 output voltage IOl = 1.6mA, OE = 0.8V 0.4 V 

VOH Logic 1 output voltage IOH = 400pA, OE = 0.8V 2.4 V 

loz Three-state leakage OE = 2.0V, VOL = OV or 5V tl0 pA 

Icc+ Positive supply current Vcc=+5V, Vcc=-12V 18 36 mA 

Icc Negative supply current Vcc=+5V, Vcc=-12V -11 -22 mA 

NOTES: 
1. Relative accuracy is defined as the deviation of the code transition pOints from the ideal code transition points on a straight line drawn from zero-scale to full~scale 

of the device. 
2. Specifications given in LSBs refer to the weight of the least signmcant bit at the 8-bit level which is 0.39% of the full-scale vo~age. 
3. Maximum change in full·scale. 
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8-Bit High-Speed AjD Converter 

AC ELECTRICAL CHARACTERISTICS v+ = +5V, v- =-12V, TA=25°C 

SYMBOL PARAMETER TO 

Internal clock frequency 

External clock frequency 

tw STRT pulse width 

External clock pulse width 
positive/negative 

ts Setup time1 

tpD (Out data) propagation delay data out 

tpD (Out DR) propagation delay data ready out 

tpD (3-State) propagation delay 
high impedance 

o/p 

tpD (OBO) propagation delay OBO 

tpD (SOR) STRT low to DR high data ready high 

NOTE: 
1. See description of "Setup time". 

TYPICAL PERFORMANCE CHARACTERISTICS 

100,000 

10,000 

'" '" ~ 
> 

1000 
() 
z w 

100 ::> 

:il 
II: 
IL 

10 

1 

Internal Clock Frequency va 
External Capacitor (CL) 

--, ", 
"-, 

"I' 

FROM TEST CONDITIONS 

CL - 60pF (See Figure 1) 

OE 
8th clock 

rn: 
DR 

STRT low 

50 

40 

I 30 
w 

! 20 

10 

o 

Clock fraq. = 500kHz 

See Figure 3 

See Figure 2 

See Figure 3 

See Figure 2 

See Figure 3 

See Figure 3 

Conversion TIme va 
Clock Frequency 

~ 
........... --r--

Product Speclflcatton 

NE5034 

LIMITS 
UNIT 

Min Typ Max 

500 kHz 

700 kHz 

400 ns 

600 ns 

300 ns 

50 200 ns 

700 ns 

60 200 ns 

500 ns 

700 ns 

1 10 100 1000 10,000 100,000 
300 400 500 800 700 800 

CAPACITOR (CL) IN pF 
FREQUENCY (KHz) 

Figure 1 
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a-Bit High-Speed AjD Converter 

TEST lOAD CIRCUITS 

DATA READY 

SKg 

NE5034 1-1-"""11.--0 I'N (10.5V) 
...... ~--.., - Vee(-l2¥) 
...... ~--OI.EFIN=lmA 
1-1----0 Vee+ (+5V) 
...... ~-~IIICLK500KHz 
1-I~--I;lISTART PULSE 

(TTL LEVELS) 

08 (0 TO 5) 

a. Data Output High 

1----0 DATA READY 

5KU 4:::=+5V, 

DATA '/,."" 
OUTPUT ,,f-

NE5034 ...... ~_ ....... -o I'N (- O.lV) 

~i~~~-vee(-12v) 15pFJ \ 

FUNCTIONAL PIN DEFINITIONS 
DATA READY (DR) 
This is an output pin used to indicate that a 
conversion is in progress. I5R goes to a logic 
"t" when S'I'R'f is at a logic "0". At the 
completion of a conversion DR returns to a 
logic "0". There is a delay (MAX 0.5!lS) from 
the time l:iR goes to "0" to the time DBO data 
is valid. 

DBO-DB7 
Eight 3-State data outputs each with a drive 
capability of one TTL load. DBO is the lSB 
and DB7 is the MSB. 

OE 

IREF IN.1mA 
Vee+ (+SV) 
CLK 500KHz 

STAii'f PULSE 
(TTL LEVELS) 

TOI2400S 

vee 
D8(OTOS) 

J 
b. Data Output Low 

Figure 2 

CLOCK 

TIME' 

12ETUP 

Product Specification 
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WF17471S 

WF17481S 

Output enable input. When aE is at a logic 
"1" the data outputs assume a high imped· 
ance state. With ~ at a logic "0", data is 
placed on the outputs. Data appearing on the 
outputs is only valid if both aE and DR are at 
logic "0" (see note on I5R timing). 

DBO ____________________________ ___ 

STRT 
This pin is used to reset the converter and 
start a new conversion. A logic "0" applied to 
this pin for a minimum of 400ns will reset the 
converter to a condition with DB7 at a logic 
"1" and all other Data outputs at logic "0". It 
will also cause DR to go to a logic "1" (see 
timing diagrams for delay times). Conversion 
will start with the 1 st clock pulse after S'I'R'f 
returns to a logic "1" (see notes on setup 
time required). A STRT pulse while a conver· 

November 14, 1986 

<lp(DBO» 

WF'7310S 

Figure 3 

sion is taking place will cause the conversion 
to be aborted and the converter will reset. 
(See notes on short·cycle operation). 

ClK IN 
An external capacitor between this pin and 
ground generates the internal clock pulses. 
(See diagram for clock frequency VB capacitor 
value). In order to synchronize the internal 
clock, to the start pulse a diode (small signal 
type, e.g., 1 N914) should be connected be· 

5-39 

tween S'I'R'f and elK IN (see Figures 4 and 
5). Without this diode the start pulse could 
occur at a time which could cause one of the 
conditions described in the Note on "setup" 
time. Applying an external TTL· or MOS· 
compatible clock to this pin slaves the 
NE5034 to external clock frequency. In this 
case, the diode is not required but the "set· 
up" time requirements should be noted. 

I 
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8-Bit High-Speed AjD Converter 

BASIC CIRCUIT DESCRIPTION 
The NE5034 is an B-bit AID converter which 
incorporates the successive-approximation 
conversion method. Upon receipt of the 
STRT pulse, successive bits, beginning with 
the MSB (DB7), are applied to the input of the 
internal B-bit current output DAC by the 12L 
successive-approximation register (SAR) (see 
Block Diagram). 

The comparator determines whether the out
put current of the DAC is greater or less than 
the input current converted from the unknown 
analog input voltage through an external input 
resistor. If the DAC output current is greater, 
the data latch for the trial bit Is reset to a '0'; if 
it is less, the trial data bit stays at '1'. After all 
the bits from DB7 to DBO have been tried, the 
SAR contains a valid B-bit binary output code 
which accurately represents the unknown 
analog input to within ± ~LSB (± 0.2%). This 
binary output will now remain in the SAR urrlil 
another STRT pulse is applied. 

November 14, 19B6 

During the successive-approximation se
quence, the DATA READY signal remains at 
'1'. Upon completion of the conversion, the 
signal goes to a '0', indicating that data is 
valid and ready. If the OE input is left at a '0' 
during the conversion, the DATA OUTPUT 
shows the conve~ion sequence (see short 
cycle section). When the OE line is made a 
logic '1', the output buffers will go to a high 
impedance state and will remain so until the 
OE is returned to a '0' state. 

TIMING DESCRIPTION 
The timing diagram shown in Figure 7 shows 
the successive trial and decisions for each 
data bit. 

With S'i'AT at a logic "0" the converter is 
reset to a condition with DB7 at a logic "1", 
DR at a logic "1" and DBO - DBB at logic 
"0". 

Conversion starts after STRT returns to a 
logic "1". Starting with DB7 each bit is tried in 
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tum, with the decision point being at the time 
of the positive-going edge of the clock. Start
ing with the first positive edge after Sim' 
returns to logic "1" (see note on "setup" 
time). The eighth positive-going edge makes 
the decision on DBO (LSB) and also causes 
m to return to a logic "0" to indicate the 
conversion is complete. (See note on DR 
timing.) 

SHORT-CYCLE OPERATION 
In applications where less than B bits of 
resolution are required, the NE5034 can be 
operated to achieve shorter conversion 
times. No hard wire changes are required to 
perform "short-cycling". 

Conversion to X number of bits is completed 
at the end of X + 0.5 clock cycles (after a 
start pulse) DR will still be at a logic "1" 
state. 

OE can be used to 3-Stete the outputs even 
during short-cycle operation. 
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EXTERNAL CLOCK ITJIT am IllJTIIilT 
(IF USED) PULSE IIUlII' EiiiDLl 

UNKNOWN ANALOG 
VOL TAOE INPUT 

RO. 

S.OKn 

I. 
I REFIN 

RAEF.5.o~ 

13 

01 

12 14 

D07MS. 

D80LS. 

CL - SEE FlO 1 FOR VALUE 
O.1"F 01 - INI14 OR SIMILAR 

L--+--H---1 ~L a:s~:GD~:~iR:~~U~~~~K 

ANALOG 
GROUND 

+ycc -Vee 

Figure 4. Baalc Setup Diagram 
Unipolar Input Valuea (0 - 10V) 

TC12.o111S 

20KQ 
+v~-v 

ANALQG 
INPUT SDDKn 

15 

1000 RREF 13 
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EXTERNAL CLOCK S'filf ml l!OTJI1lT 
(IF USED) PULSE RIII'7 ENABLE 

Dt 

UNKNOWN ANALOG 
VOLTAGE INPUT 

10 " 

NE5034 

ANALOG 
GAQUND 

I. 

+ycc 

NE5034 

" 

-Vee 

D07MS. 

D80LS8 

CL - SEE FIG 1 FOR VALUE 
01 - 1N914 OR SIMILAR 
CL AND 01 NOT REQUIRED 
IF USING EXTERNAL CLOCK 

TC1Z421S 

Figure 5. Baalc Setup Diagram 
Bipolar Input Valuea (± 10V Ra 

Figure 6. Suggested ZerQ-/FuU-5cale AdJuat Circuit 
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SETUP TIME 
When using an external clock, the positive
going edge of the start pulse must be syn
chronized to the clock pulse. There is a 
"setup" time of 300ns required between the 
time of the start pulse retuming to a logic "1" 
and the next pcsi!ive-going edge of the clock. 

If the positive edge of the start pulse occurs 
less than 300ns prior to the positive clock 
edge, one of the/ollowing conditions will 
occur: 

a) The converter recognizes the clock pulse 
and converts as normal. 

b) The conversion starts one clock pulse 
later. 

c) The conversion never starts. This will be 
indicated by the fact that i5R does not 
retum to logic "0". In this case a new 
start pulse will be required. 

DATA READY (DR) TIMING 
After i5R returns to a logic "0", indicating a 
conversion is complete, there is a time delay 
of 500ns before the data at DBO output (the 
Least Significant Bit) is valid. 

ZERO OFFSET (NEGATIVE 
FULL-SCALE) CALIBRATION 
PROCEDURES 
1. Apply continuous start pulses to the 

mT Input. 

2. Apply 1'2 LSB in the case of unipolar 
operation, or 1'2 LSB above - FS in the 
case of bipolar operaticn to the analog 
Input. 

3. Observe all data outputs after each con
version is completed. 

4. Adjust the potentiometer connected to liN 
(see Figure 6) until the LSB flickers 
between '0' and '1', and all other data 
outputs remain '0' following each conver
sion. 

FUL.L-SCALE (POSITIVE FULL
SCALE) CALIBRATION: 
1. Apply continuous start pulses to the 

S'fRi input. 

2. Apply full-scale minus 1 ~2 LSB to the 
analog input. . 

3. Observe all data outputs after each con
version is completed. 

4. Adjust the voltage applied to VREF in 
(Figure 4) until the LSB varies between 
'0' and '1', and all other data outputs stay 
'1' after each conversion. 

NOTES: 
1. Where an input of 'k LSB is called for, the voltage 

is equal to: 
FS 

256 
2. The sequence of calibration should be: 

a. Zero offset 
b. FulI·scaie adjust 
c. Zero offset 
d. FUll-scale adjust 

OPERATING PRECAUTIONS 
Analog and digital grounds should have sepa
rate returns. Noise and jitter on digital ground 
will degrade accuracy 'unless the input is 
referenced to a 'clean' analog ground. 

DB7~ 

c====================== DB6~ .-,--------------------

~ 1 ______ --------------

NOTElIo 
1. ~- Logic '0' 
2. See 'ShQl1.Cycla' section 
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Figure 7. NE5034 Timing Diagram 
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UNIPOLAR BINARY OPERATION 
A standard connection for a 0 to 10V unipolar 
binary operation, with VREF IN equal to +5V, 
is shown in Figure 4. The NE5034 can quan
tize full-scale ranges of 1V to 10V. It should 
be noted, ·however, that for smaller full-scale 
ranges, the accuracy and speed will degrade. 

The input VOltage versus output code relation
ship for unipolar operation is shown in Table 
1. The full-scale range is 2 times IREF IN. 

Table 1. Unipolar - Binary 

DIGITAL 
ANALOG INPUT OUTPUT CODE 

1,2,3 
MSB LSB 

FS-1 LSB 1 1 1 1 1 1 1 1 
FS-2 LSB 1 1 1 1 1 1 1 0 
:r4 FS 11000000 
1'2 FS+1 LSB 10000001 
1'2 FS 10000000 
~2 FS-1 LSB o 1 1 1 1 1 1 1 
~4 FS 01000000 
1 LSB 00000001 
0 00000000 

NOTES: 
1. Analog inputs shown are nominal center values of 

code. 
2. "FS" is fUll-scale: i.e., 21 REF IN (Unipolar mode). 
3. 1 LSB equals (2-B)(FS). 
4. "FS" is fUll-scale; I.e., IREF IN (Bipolar mode). 

Table 2. Bipolar - Offset Binary 

DIGITAL 
ANALOG INPUT OUTPUT CODE 

1,3,4 
MSB LSB 

+(FS-1 LSB) 1 1 1 1 1 111 
+(FS-2 LSB) 1 1 1 1 1 1 1 0 
+(~2 FS) 11000000 
+(1 LSB) 10000001 
0 10000000 
-(1 LSB) 01 1 1 1 1 1 1 
-(1'2 FS) 01000000 
-(FS-1 LSB) 00000001 
-FS 00000000 

NOTES: 
1. Analog inputs shown are nominal center values of 

code. 
2. "FS" is full-scale; i.e., 21REF IN (Unipolar mode). 
3. 1 LSB equals (2"8)(F8). 
4. "FS" is full-scale; I.e., iREF IN (Bipolar mode). 

BIPOLAR (OFFSET BINARY) 
OPERATION 
A standard connection for a - 5 to + 5V or 
-10 to + 10V bipolar operation is shown in 
Figure 5. 
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DESCRIPTION 
The NE5036 is an easy-to-use, low cost, 
successive-approximation Analog-to
Digital converter, fabricated in Bipolar/ 
12L technology, and packaged in a con
venient B-pin miniDIP package. 

With an external reference voltage, the 
NE5036 will accept input voltages be
tween OV and VREF. Holding the START 
pin low for at least B clock pulses in 
duration will provide the 6-bit result of 
the conversion in a serial format. 

FEATURES 
• Three-state output buffer for 

easy microprocessor Interfacing 
• Fast successive-approximation 

converter, 23118 

ORDERING INFORMATION 

NE5036 
6-Bit AID Converter 
(Serial Output) 
Product Specification 

• TTL compatible Inputs and 
outputs 

• Easy Interface to CMOS 
microprocessors 

• Guaranteed no missing codes 
over full operating range 

• Single supply operation, + 5V 
• High Impedance, analog Inputs 
• Positive true binary serial output 

APPLICATIONS 
• Temperature control 
• liP-based appliances 
• Ught level monitor 
• Electronic toys 
• Joystick Interface 
• liP/transducer Interface 

PIN CONFIGURATIONS 

FE, N Packages 

Vee 0 DATA 
VRI' 2 7 milT 

V,N ' CLOCK 

AaNO 5 DaNO 

TOP VIEW 

D Packagel 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

8-Pin Cerdip o to +70·C NE5036FE 

8-Pin Plastic DIP o to +70·C NE5036N NOTE: 
1. so D non-standard pjnouts.. 

14-Pin SO Package o to +70·C NE5036D 

BLOCK DIAGRAM 

Vee 

AOND DaND CLOCK START 
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6-Bit AID Converter NE5036 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Vee Power supply voltage 

VREF Reference voltage 

VIN (Analog) Analog input voltage 

VIN (Digital) Digital input voltage (START & CLOCK) 

DOUT Data output pin 
3-State mode 
Enabled mode 

~NO Analog GND to digital GND 

TA Operating temperature range 

TSTG Storage temperature range 

TSOLO Lead soldering temperature (10sec max) 

Po 
Maximum power dissipation, T A - 25'C 
(still-air)1 

FE package 
N package 
o package 

NOTE: 
1. Derate above 2S'C at the following rates: 

FE packags at 6.0mW rc. 
N package at 9.3mW/'C. 
o package at 8.3mW rc. 

RATING UNIT 

7 V 

7 V 

7 V 

7 V 

7 V 
20 rnA 

±1 V 

o to 70 'C 

-65 to 150 'C 

300 'C 

780 mW 
1160 mW 
1090 mW 

DC ELECTRICAL CHARACTERISTICS Vee - 5.0V; VREF - 2.0V; Clock = 350kHz; O'C ~ TA ~ 70'C, unless otherwise 
specified. Typical values are specified at 25·C. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS 

Min Typ Max 

Resolution 6 6 6 
Relative accuracy I, 2 1t4 1t2 

Vee Positive supply voltage +4.75 +5.0 +5.50 

€FS Full-scale gain error2, 3, 4 VREF = 2.0V, T A = 25'C ±1 ±2 

€zs Zero-scale offset error2 VREF = 2.0V, T A = 25'C ±1t2 -1t2, +2 

PSR 
Power supply rejection VREF = 2.0V ±1t2 ±1 
Max change in fUIl-scale2 4.75V ~ Vee ~ 5.5V 

liN Analog input bias current 0~VIN~2.5V 1 10 

IREF Reference bias current o ~ VREF ~ 2.5V 1 10 
RIN Analog input resistance 3 30 

VIH Logic 'I' input voltage 2.0 
VIL Logic '0' input voltage 0.8 
IIH Logic 'I' input current 10 
IlL Logic '0' input current 1 10 
IOH Logie 'I' output current 2.4V~VOH 300 
IOL Logic '0' output current VOL ~O.4V 1.6 
loz Three-state leakage current ±0.1 ±40 
lee Positive supply current 14 24 

Po Power dissipation 132 

NOTES: 

UNIT 

Bits 
LSB 

V 

LSB 
LSB 

LSB 

tJA 
tJA 
MO 

V 
V 

tJA 
tJA 
tJA 
mA 

tJA 
mA 

mW 

1. Relative accuracy is defined as the deviation of the code transition points from the ideal code transition points on the straight line drawn from zero-
scale to full-scale of the device. 

2. Specifications given in LSBs refer to the weight of the least sign~icant bit at the bit level which is 1.56% of the full-scale voltage. 
3. Full-scale gain error is the deviation of the code transition point (111110 to 111111) from its ideal value (accounting for offset error at 000000). 
4. The analog input voltage (YIN) range is from OV to VREF nominally, with the output remaining at 111111 even though the input may incnsase from 

VREF to Vee. (For optimum performance VREF can be any value from I.SV to 2.SV.) 
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6-Bit AjD Converter NE5036 

AC ELECTRICAL CHARACTERISTICS Vee - 5.0V; VREF = 2.0V; Clock - 350kHz; O·C" T A "70·C unless otherwise 
specified. Typical values are specified at 25·C. (Refer to test figures.) 

LIMITS 
SYMBOL PARAMETER TO FROM TEST CONDITIONS UNIT 

Min Typ Max 

fMAX . Max clock frequency 350 kHz 

!coNv Conversion time 8 
Clock 
cycles 

tw Clock pulse width 1.3 l1li 

Is Setup time, mRT to clock2 Clock mRT 500 ns 

tp (OUT) Propagation delay' Data out Clock T A - 25·C, tR - tF < 20ns 600 ns 

tp (3-sTATE) Propagation delay' Data (3-8tate) mRT TA a 25·C, tR a tF < 20n8 600 ns 

NOTES: 
1. The time between the specHIed reference points on the clock and the output waveforms with the output changing (Low-1o-HIgh or High-1o-Low). 
2. The High-to-Low transition 01 the mm' pulse should occur at least 500ns prior to the negative edge of the clock pulse to Insure its recognition. The mm' pulse 

should stay high for at least 500ns between conversions to guarantee proper recognition. 
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6.;Bif AID Converter 

CIRCUIT DESCRIPTION 
NE5036 Is a complete 6-bit, serial output, 
AID converter whi.ch incorporates the suc
cessive approximation method. The chip in
cludes the internal control logic, the succes
sive approximation register (SAR), 6-bit DAe, 
comparator and the output buffer. An exter
nally-generated clock source (maximum fre
quency - 350kHz) must be provided to Pin 6. 
An extemal reference voltage supplied to Pin 
2 sets the full-scale range of the AID convert
er as shown In the Block Diagram. 

Upon the mRT pin going low, successive 
approximation conversion commences after 
the first low-golng edge of Iha clock pulse. 
Successive bits, beginning with Iha MSB (05), 
are applied to the input of the intemal 6-bit 
current output DAe by the 12L successive 
approximation register. 

The comparator determines whether the out
put current of the DAe is greater or less than 
the input current, converted from the un
known analog input voltage through Iha VII 
converter. If the DAe output is greater, that 
bit of Iha DAe Is set to 0 and simultaneously 

Iha output buffer goes to O. If It is less, that bit 
steys at 1 and Iha output buffer goes to 1. 
After the second Hlgh-to-Low transition of the 
clock pulse, the MSB (D5) data is valid. On 
successive clock pulses. successive bits are 
tried and the output buffer represents that bit. 
mRi' has to stay low for at least 8 clock 
pulses for the conversion to be completed 
and to access the 6-bit result of the conver
sion. A conversion in process can be inter
rupted by issuing another mRi' pulse. 

When START is In a high state, the output 
buffer Is In a high impedance state. 

The timing diagram for the device is shown In 
Figure 1. 

TRANSFER CHARACTERISTICS 
The NE5036 Is designed to have a nomlnal1f2 
LSB offset, so that Iha code transition points 
are located 1f2 LSB on either side of Iha exact 
analog input for a given code. Thus, the first 
transition (000000 to 000001) will occur at an 
Input of 1f2 LSB (15.63mV with a VREF of 
2.0V), plus any offset. Subsequent transition 

~AR;---1~ ______________________________ ~ 

DB5 D84 DB3 DB2 DBl DBO 
MY ~B 

Figure 1. Timing Diagram 
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(to full-scale - 111111) will occur at 62.5 
LSB (1.953V at VREF of 2.0V). 

The ideal transfer characteristic of NE5036 is 
shown.in Figure 2. 

LAYOUT PRECAUTIONS 
Analog ground (Pin 4) and Digital ground (Pin 
5) are not connected intemally and should be 
connected together as close to Iha device as 
possible for optimum performance. The leads 
to the analog inputs should be kept as short 
as possible to minimize Input noise plck-up. 
Input bypass capacitors from the analog in
puts to ground will eliminate noise pick-up. 
Power supplies should be decoupled with at 
least 11lF an.d should be located close to the 
device to minimize the effects of noise spikes 
on Vee. 

The reference Input and Iha analog voltege 
input must both remain stable during conver
sion to insure accuracy and proper operation. 
This can be done by adequately bypassing 
these Inputs andlor keeping the impedance 
at lhase Inputs at or below 2kO. 

::::::1 ~ 
111101 ,...... 

111100 ,...... 

:~,.. v 
000011 ---I LSB=!ffE 

r- FOR 111111 OUTPUT 
000010 ,...... V,N = VRO. - LSB -1/2 LSB 

000001 ---I BUILT-IN O;::ET 
..- =62.SLSB=e:t VREF 

00000o m m m m lm ~ m ~ 
CD en en co U) U) C/) U) 

S ~ ~ ~ ; S ~ ~ 
:: ~ ~ ~ 

ANALOG INPUT 

Figure 2. Ideal Tranafer 
Characteristics 
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6-Bit AjD Converter 

TYPICAL PERFORMANCE CHARACTERISTICS 
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Zero-Scale Offset Error 
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6·Bit AID Converter 

AC TEST CIRCUITS AND WAVEFORMS 

Vee = +5V 

VREF. +2V 

V'N(ADJ.) 

November 14, 1986 

Data Output (Low-to-Hlgh) 

TO"'''' 

Vcc= +5V 

VREF= +2V 
V,N (ADJ.) 

Propagation Delay Time tp (Data) 
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+5V 

*15pF 

START (TTL LEVELS) 

350kHz CLOCK 
(TTL LEVELS) 

Data Output (Hlgh-to-Low) 

NE5036 

TO' .... 

WF17341S 
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6-Bit AjD Converter 

TYPICAL APPLICATIONS 

.---.... ---...... ---< +5V 

SERIAL 
~ _______ --;~ DATA OUT 

.J1JUl 
ANALOO INPUT>-------~ NEIi038 f---------------<~ 

RECEIVERI 
DECODER 

November 14. 1986 

1;.;---------< ~~~~NAL 

DECODED 
SIGNAL 

1. Basic NE5038 Configuration 

SERIAL DATA 

I--=O::.UT:.:,P;:,UT':"--+I T::'::=~R 
.nnn.. 

SHIFT · REGISTER · · 
REGISTER ACCEPTS SERIAL 
INPUT DATA. FEED DlA 
IN PARALLEL 

DlA 
CONVERTER 

NEHle 

2. Digital Communications Ualng NE5038 
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DESCRIPTION 
The NE5037 is a low cost, complete 
successive-approximation analog-to-dig
ital (AID) converter, fabricated using 
Bipoiar/l2L technology. With an external 
reference voltage, the NE5037 will ac
cept input voltages between OV and 
VAEF. An external START pulse of at 
least 300ns in duration will provide the 6-
bit result of the conversion in parallel 
format. Full conversion with no missing 
codes occurs in 91'S. 

FEATURES 
• TTL-compatible Inputs and 

outputs 
• 3-state output buffer 

ORDERING INFORMATION 

NE5037 
6-Bit AjD Converter (Parallel 
Outputs) 
Product Specification 

• Easy interface to CMOS 
microprocessors 

• Fast conversion - 91J8 
• Guaranteed no missing codes 

over full temp range 

• Single-supply operation, + 5V 
• Positive true binary outputs 
• High-Impedance analog inputs 

APPLICATIONS 
• Temperature control 
• pP-based appliances 
• Light level monitors 
• Head position sensing 
• Electronic toys 
• Joystick interface 

PIN CONFIGURATION 

D, F, N Packages 

TOP VIEW 
00105709 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

16-Pin Cerdip o to +70·C NE5037F 

16-Pin Plastic DIP o to +70·C NE5037N 

16-Pin Plastic SO package o to +70·C NE5037D 

BLOCK DIAGRAM 

Vee 
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6-Bit AID Converter (Parallel Outputs) 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Vcc Power supply voltage 

VREF Reference voltage 

VIN(Analog) Analog input voltage 

VIN(Digital) Digital input voltage (<::S, OE, START, elK) 

DOUT Data outputs (DBO to DB5) 
3-state mode 
Enabled mode (each output) 

EOe End of conversion 

AGND Analog GND to digital GND 

TA Operating temperature range 

TSTG Storage temperature range 

TSOLD lead soldering temperature (10 seconds) 

Po 
Maximum power dissipation, T A = 25·e 
(still-air)1 

F package 
N peckage 
D package 

NOTE: 
1. Derate above 25°C at the following rates: 

F package = 9.5mW rc. 
N package = 11.6mW'oC. 
o package - 8. 7mW rc. 

November 14, 1986 

RATING 

7 

7 

7 

7 

7 
5 

Vee 

±1 

o to 70 

-65 to 150 

300 

1190 
1450 
1090 
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UNIT 

V 

V 

V 

V 

V 
mA 

V 

·e 

·e 

·e 

mW 
mW 
mW 
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6-Bit AID Converter (Parallel Outputs) NE5037 

DC ELECTRICAL CHARACTERISTICS Vee = 5.OV; VREF = 2.0V; Clock - 1 MHz; O·C<; T A <; 70·C, unless otherwise specified. 
Typical values are specified at 25·C. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

, Min Typ Max 

Resolution 6 6 6 Bits 
Relative accuracyl,2 ~4 1t2 LSB 

Vee Positive supply voltage +4.75 +5.0 +5.50 V 

EFS Full-scale gain error2,3,4 VREF = 2.0V, T A = 25·C ±1 ±2 LSB 
EZS Zero-scale offset err0r2 VREF = 2.0V, T A = 25·C ±h -1t2, +2 LSB 

PSR 
Power supply rejection VREF e 2.0V ±1t2 ±1 LSB 
Max change in full-scale2 4.75V <;Vee <; 5.5V 

III; .. Analog input bias current o <; VIN <; 2.5V 1 10 jJA 
IREF Relerence bias current o <; VREF <; 2.5V 1 10 jJA 
RIN Analog input resistance 3 30 Mn 

VIH logic 'I' input voltage 2.0 V 
VIL Logic '0' input voltage 0.8 V 
IIH Logic 'I' Input current 10 jJA 
IlL Logic '0' input current 1 10 jJA 
IOH Logic 'I' output currents 2.4V <;VOH 300 jJA 
IOL Logic '0' output currents VOL <;O.4V 1.6 mA 
loz 3-8tate leakage current ±0.1 ±40 jJA 
lee Positive supply current 18 24 rnA 

Po Power dissipation 132 mW 

NOTES: 
1. Relative accuracy Is definad as the deviation of the code transHion points from the ideal code transition points on a straight line drawn from zero-

scale 10 ful~scale of the device. 
2. SpeciflcatIons given In LSBs rafer 10 the weight of the least signHicant bit at the 6-bR level which is 1.56% of the full-scale voltage. 
3. Full-scale gain error Is the deviation of the full-scale code transHion point (111110 10 111111) from Its ideal value. 
4. The analog input voltage lViNl range Is OV 10 VREF nominally, wnh the output remaining at 111111 even though the input may increase from VREF to 

Vee. (For optimum performance, VREF can be any value from 1.5V 10 2.5V.) 
5. The data outputs have active pul~pe. The EN: line Is open-colleclOr· with a nominal 5kSl Internal pull-up resistor. 

AC ELECTRICAL CHARACTERISTICS Vee=5.0V; VREF=2.0V; Clock=1 MHz; O·C <; TA <; 70·C unless otherwise specified. 
Typicel values are specified at 25·C. (Refer to AC tast figures.) 

LIMITS 
SYMBOL PARAMETER TO FROM TEST CONDITIONS UNIT 

Min Typ Max 

fMAx Maximum clock frequency 1 MHz 

tw Star! pulse width 300 ns 

Minimum positive/negative 
300 ns 

clock pulse width 

tcoNV Conversion time 9 Clock cycles 
tp (OUT DATA) Propagation delay 1 Data out l5E TA = 25·C, tA = tF <; 20ns 500 ns 
tp (OUT ECC) Propagation delay2 me Clock TA = 25·C, tA -IF <; 20ns 800 ns 
Ip (3-STATE) Propagation delay, 3-8tate 3-State Data l5E TA = 25·C; tA = IF <; 20ns 500 ns 

NOTES: 
1. Propagslion daisy of data outputs is defined as the delay In the data outputs reading their final value aller the low going edge of OE. 
2. Propagation delsy of EN: is deflnad as the delay In ElX! going low, following the low going edge of the 9th clock pulse aller the alar! pulse. 
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6-Bit AID Converter (Parallel Outputs) NE5037 

CIRCUIT DESCRIPTION 
NE5037 is a complete 6-bit, parallel output, 
microprocessor compatible, AID converter 
which incorporates the suocessive-approxi
mation method. The chip includes the internal 
control logic, the successive-approximation 
register (SAR), 6-bit OAC, comparator and 
output buffers. An extemally-genarated clock 
source (max frequency - 1 MHz) must be pro
vided to Pin 6. An external reference voltage 
supplied to Pin 2 sets the tull-scale range of 
tha AID converter. 

The ~ pin must be at a low level prior to the 
start of the conversion process. Upon receipt 

of a START pulse, the Intemal control logic 
resets the SAR. On the first low-going edge of 
tha clock pulse, successive approximation 
conversion commences. Successive bits be
ginning with the MSB (05) are supplied to the 
input of the Internal 6-bit current output OAC 
by the 12l successive approximation register. 

The comparator determines whether the out
put current of the OAC is greater or less than 
the input current, which is convarted from the 
unknown analog input voltage through tha VII 
convarter. If the OAC output is greater, that 
bit of tha OAC Is set to '0' and the corre
sponding output buffer goes to '0' simulta
neously. If it is less, it stays at 'I' and the 

output buffer also stays at '1'. On successive 
clock pulses, successive bits of the OAC are 
tried and tha corresponding output buffer 
represents the bits of the OAC. On the eighth 
low-going edge of tha clock pulse (after the 
reoeipt of the start pulse), the ~ pin goes 
low, thereby Indicating that the conversion is 
complete. The output data is now valid. In 
order to access the result of the conversion, 
the Of pin must be set to a low level. ~ is 
reset to a high state when ~ is low. When 
~ is in a 'I' state, the output buffers are in a 
high impedance state. 

Refer to Figure 1 for the timing diagram. 

~~~r-------------------------------------------

CLK 

~--------------------------------------~ L-J 
EOC ------------------------------------------~ U 

HIGH HIGH HIGH 
DATA __________________ ..!!"~N2!. ____ ..r---\...~~N~~~ANCE 

OUTPUTS J '-----'" ~ 
DATA t t 

READY DATA DATA 
AVAILABLE AVAILABLE 
AT OUTPUT AT OUTPUT 

WF172708 

Figure 1_ Timing Diagram 
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~Bit AID Converter (Parallel Outputs) 

TRANSFER CHARACTERISTICS 
The Ideal transfer characteristic of the 
NE5037 Is shown in Figura 2. 

The NE5037 is designed to have a nomlnsl ~ 
LSB offset so that tha code transition points 
are Ioosted ~ LSB on either side of the exact 
analog inputs fora given ,code. 

Thus the flrst transition (000000 to 000001) 
Will occur at an Input of ~ LSB (15.63mV with 
a VREF of 2.0V). Subsequent transitions will 
occur at nominal Increments of 1 LSB. The 

November 14, 1988 

last transition (to full-scale...;. 111111) will 
occur at 62.5 LSB (1.953V at VREF of 2.0V). 

LAYOUT PRECAUTIONS 
Analog ground (Pin 4) and digital ground (Pin 
5) are not connected Internally and should be 
connected together as close to the ,devlos as 
possible for optimum psrformancs. The cir
cuit will opsrate with as much as ± 200mV 
between the two grounds but some degrada.
lion will occur. The leads to the analog inputs 
should be kept as short as possible to mlni-

ANALOG INPUT 

Figure 2. Ideal Transfer Characterlatlcs 
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mlze noise pick-up; 'InPllt' bypass capacitors 
from the analog inputs to ground will, elimi
nate noise pick-up. Power supplies should be 
decoupled with at least 1 p.F locsted close to 
the device to minimize the effects of noise 
spikes. 

The reference Input and the analog voltsgs 
input must both remain steble during conver
sion to Insure accuracy and propsr operation. 
This osn be done by adequately bypassing 
these inPIJIs and/or keeping the impedancs 
of thesa Inputs at or below 2kO. 
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6-Bit AID Converter (Parallel Outputs) 

TYPICAL PERFORMANCE CHARACTERISTICS 
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6-Bit AID Converter (Parallel Outputs) NE5037 

AC TEST CIRCUITS AND WAVEFORMS 
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Propagation Delay Time EOC I,(EOC) 
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APPLICATION 
.0 to UOCTamptlratUre Senaor 

CIRCUIT DESCRIPTION . 
The temperature sensor of Figure 3 provides 
an input to Pin 3 of the NE5037 of· 32mVloC. 
This 32mV is the value of· one LSB for the 
NE5037. The LM334 is a three:termlnal tem
perature sensor and provides a current of 
1 p.A for each °Kelvin. The 32kO resistor 
provides the 32mV for each microamp 
through it, while the transistor bleeds off 
273p.A of the temperature sensor· (LM334) 
current, lowering the reading by 273°K, thus 
converting from Kelvin to CelSius. 

To read temperature, conversion is started by 
sending a momentary low signal to Pin 7 of 
the NE5037. When Pin 10 of the NE5037 
goes low, conversion is complete and a low Is 
applied to Pin 9 of the NE5037 to read data 
on Pins 11 through 16. Note that this temper
ature data is in straight binary format. 

November 14, 1986 

The controller can be a microprocessor. in a 
temperature control application, or discrete 
circ!Jitry in a simple temperature reporting 
application. A temperature reporting (digital 
thermometer) circuit is shown in Figure 3b. 
The ROMs or PROMs must have the correct 
code for converting the data from the 
NE5037 (used as address for the ROMs or 
P/ilOMs) to the appropriate segment driver 
codes. 

The displayed output could easily be convert
ed to degrees Fahrenheit (oF) by the. cOntrol
ler of Figure 3a or through the (P)ROl)lls ·of 
Figure 3b. When doing this, a third (hundreds) 
digit (P)ROM and display will be needed for 
displaying temperatures above 99°F. 

An inexpensive clock can be made from 
NAND gates or inverters, as shown in Figure 
3c. 

CIRCUIT ADJUSTMENT 
Adjust VR2 for about 1t4 of maximum resis
tance. With the sensor (LM334) stable at a 
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known temperature near the lower end of the 
expected range of temperature readings, ad
just VR1 for a .drop of 2.73V across the 
(10kO) emitter resistor of Ql. Set reference 
voltage at Pin 2 of the NE5037 for 2V and 
adjust VR2 for a digital reading corresponding 
to the known temperature. 

Because high accuracy is not necessary in 
many applications, this is often all the adjust
ment necessary and yields an indicated tem
perature that is within 3°C of actual tempera
ture. Should. higher accuracy be required, 
adjustment of the NE5037 reference voltage 
at Pin 2 is needed. After performing the 
above adjustments, bring the sensor temper
ature to a value near the maximum expected 
reading (but not above 63°C) and adjust the 
reference voltage at Pin 2 of the NE5037 for 
a digital output indication of the known tem
perature. Then stabilize the sensor again at a 
temperature near the low end of the expected 
range of readings and adjust VR 1 for a digital 
indication of that known temperature. This 
procedure will provide an accuracy of ± 1°C. 



Signetics PCF8591 
8-Bit AID and D I A Converter 

Linear Products 

DESCRIPTION 
The PCF8591 is a single-chip. single
supply. low power 8-bit CMOSd8ta ac
quisition device. It contains an 8-bit suc
cessive approximation analog to digital 
converter, a four channel analog multi
plexer and a digital to analog converter. 
The four analog inputs can be pro
grammed as two differential inputs or 
four single-ended inputs. PCF8591 has a 
serial Ji!"C interface which ailows for a 
maximum bus frequency of 100k bits per 
second. 

ORDERING INFORMATION 

Objective Specification 

FEATURES 
• Single power supply 
• Operating voltage 2.5V to 6V 
• Low power consumption 
• Serial 12C bus 
• Four analog inputs programmable 

as two differential or four single
ended 

• On-chlp sample-and-hold 
• Auto-Incremented channel 

selection 
• 8-blt successive approximation 

AID conversion 
• Multiplying DAC with one analog 

output 

APPLICATIONS 
• Control systems 
• Low power converter for remote 

data acquisition 

• Automotive 
• Audio and TV 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

16-Pin Plastic DIP (SOT·a8) -40·C to 8S·C PCF8S91PN 

16-Pin Plastic SO package -40·C to 8S·C PCF8S91TD 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Voo Supply voltage range -0.5 to +8.0 V 

VI Voltage on any pin -0.5 to Voo +0.5 V 

II Input current DC 10 mA 

10 Output current DC 20 mA 

100 • Iss Voo or Vss current 50 mA 

P-rOT Power dissipation per package aoo mW 

Po Power dissipation per output 100 mW 

TSTG Storage temperature range -65 to +150 ·C 

TA 
Operating ambient 

-40 to +85 ·C 
temperature range 
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PIN CONFIGiURATION 

D and N Packages 

SCL 

TOP VIEW 

PIN NO. SYMBOL DESCRIPTION 
1 A'N 1 Analog input (AID 

converter) 
-'IN 2 Analog Input (AID 

converter) 
A'N 3 Analog input (AID 

converter) 
A'N4 Analog input (AID 

converter) 
5 Ao Hardware address pin 
6 A, Hardware address pin 
7 A2 Hardware address pin 
8 vss Negative supply 
9 SOA 12c Bus data line 

10 SOL 12C Bus clock line 
11 OSC OscRlator 
12 TST Testpin 
13 ""NO Anafog ground (reference 

ground) 
14 VREF Reference voltage 
15 AoUT Analog ou1pu1 (01 A 

converte~ 
16 Voo Po2Itive suppty 

I 
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BLOCK DIAGRAM 

SCI. -.. . , 
AI 

11T 

..... 
VII 

OIC 

AooI ...,. 
ANALOG 

""" 
IIULTII'UXI!II 

l1li -I 
I 
I 
I 

V.., 

--
80011205 

February 1987 5-60 



Signetics Unear Products Objective Specification 

8-Bit AID and D I A Converter PCF8591 

DC ELECTRICAL CHARACTERISTICS Voo=2.5V to 6V; Vss=OV; TA=-40·C to + 85·C. unless otherwise specified. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Supply 

Voo Supply voltage Operating 2.5 6.0 V 

IODO Supply current Standby VI = Vss or Voo; no load 15 jJ.A 

1001 Supply current Operating AoUT off. 
125 250 jJ.A 

Iscl = 100kHz 

1002 Supply current AOUT active. ISCl = 100kHz 0.45 1.0 mA 

VPOR Power-on reset level 0.8 2.0 V 

Digital Inputs/output SCL, SDA, AO, AI, A2 

VIL Input voltage LOW 0 0.3 X Voo V 

VIH Input voltage HIGH 0.7 X Voo Voo V 

II Input current Leakage VI = Vss to Voo 250 nA 

CI Input capacitance 5 pF 

IOH SOA output current Leakage HIGH at VOH = Voo 250 nA 

IOl SOA output current LOW at VOL = O.4V 3.0 mA 

Reference voltage Inputa VREP, AGND 

VREF Voltage range Relerence VAGNO Voo V 

VAGNO Voltage range Analog ground Vss VREF V 

II Input current Leakage 250 nA 

RREF Input resistance VREF to AGNO 100 kn 

Oscillator OSC, EXT 

II Input current Leakage 250 nA 

fosc Oscillator fraquency 0.75 1.25 MHz 

D/A CHARACTERISTICS Voo= 5.0V; Vss = OV; VREF= 5.0V; VAGNO = OV; Rl = 10ka; Cl = 100pF; TA = -40·C to +85·C. unless 
otherwise specified. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Analog output 

VOA Output voltage range No resistive load Vss Voo V 

VOA Output voltage range Rl= 10kn Vss 0.9 Voo V 

IlO Output current Leakage AoUT disabled 250 nA 

Accuracy 

OS. Offset error TA = 25·C 50 mV 

La Unearity error ±1.5 LSB 

G. Gain error No resistive load 1 % 

tOAe Settling time 
To 1t2LSB 

90 
full-scale step 

fjS 

10AC Conversion rate 11.1 kHz 

SNRR Supply noise At 1= 100Hz; 
rejection ratio Voo = O.1Vp_p 40 dB 
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AID CHARACTERISTICS VOO= S.oV; Vss=ov; VREF-S,OV; VAGNO=OV; RSOURCE=10kn; TA-;"'WC to +85°C, unless othe!Wise 
specified. 

SYMBOL PARAMETER TEST CONDITIONS 

Analog Inputs 

VIA Input voltage range 

IIA Input current Leakage 

CIA Input capacitance 

CIO Input capacltsnce Differential 

VIS Single-ended voltage Measuring range 

VIO Differential voltage 
Measuring range; 

VFS - VREF -VAGNO 

Accuracy 

as. Offset error TA=2SoC 

L. Unearity error 

Ge Gain error 

GS. Gain error 
Small-signal 

aVIN-15LSB 

CMRR Common-mode rejection ratio At f -100Hz; 
SNRR Supply noise rejection VOON = O.1Vp_p 

tADC Conversion time 

fADC Samplingl conversion rate 

NOTE: 
1. The power-on reset circu~ resets the 12c bus logic when Veo is less than VPOR. 

FUNCTIONAL DESCRIPTION 

Addressing 
Each PCF8S91 device In an 12c bus system is 
activated by sending a valid address to the 
device. The address consists of a fixed part 
and a programmable part. The programmable 
part must be set according to the address 
pins AO, Aland A2. The address always has 
to be set as the first byte after the start 
condition in the 12C bus protocol. The last bit 
of the address byte is the read/writa-blt which 
sets the direction of the following data trans
fer (see Figures 1 and 8). 

February 1987 

Figure 1_ Address Byte 

Control Byte 
The second byte sent to a PCF8591 device 
will be stored in its control register and is 
required to control the device function. 

The upper nibble of the control register is 
used for enabling the analog output, and for 
programming the analog inputs as single
ended or differential Inputs. The lower nibble 
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LIMITS I UNIT 
Min Typ Mu 

Vss Voo V 

100 nA 

10 pF 

10 pF 

VAGNO VREF V 

-VFS +VFS 
V 

2 2 

20 mV 

il.5 LSB 

1 % 

5 % 

50 dB 
40 dB 

90 p.s 

11.1 kHz 

selects one of the analog Input channels 
dafined by the upper nibble (see Figure 2). If 
the auto-Increment flag Is set, the channel 
number Is Incremented automatically after 
each AID conversion. 

The selection of a non-existing input channel 
results in the hlghast available chennel num
ber being allocated. Therefore, If the auto
increment flag is set, the next selected chan
nel will always be channel O. After a power-on 
reset condition, all bits of the control register 
are reset to O. The most significant bits of 
both nibbles are reserved for future functions 
and have io be set to O. The 01 A convarter 
and the oscillator are disabled for power 
saving. The analog output is switched to a 
high impedance state. 
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_ LSB 

I 0 I x I x I x I 0 I x I x I X ICONTROLBYfE 

I 'I'~~-00 CHANNEL 0 
01 CHANNEL 1 
10 CHANNEL2 
11 CHANNEL 3 

AUTOINCREMENT FLAG: 
(SWITCHED ON IF 1) 

'--------- ANALOG INPUT PROGRAMMING: 

00 FOUR SINGLE-ENDED INPUTS 
At .. _________ CHAHNEL 0 

At., CHANNEL 1 

"'"' CHANNEL 2 

At.. CHANNEL 3 

01 THREE DlJ'FERENTIAL INPUTS 

A, .. ---F" .... 
CHANNEL 0 

At., -""","--I~ 

CHANNEL 1 

At .. -""","--I~ 

CHANNEL 2 

Ao..---...... 

10 SINGLE-ENDED AND DIFFERENTIAL MIXED 

Ao.. ---------CHAHNEL 0 

At., CHANNEL 1 AOI2=t>-
CHANNEL 2 

At.. -

11 TWO DIFFERENTIAL INPUTS 

Auoo ~CHANNELO 
AtN'~ 
"'"'~CHANNELI 
Ao..~ 

'------------ ANALOG OUTPUT ENABLE FLAG: 
(ANALOG OUTPUT ACTIVE IF 1) 

Figure 2. Control Byte 
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DI A Conversion 
The third byte sent to a PCF8591 device is 
stored in the DAe data registar and is con
verted to the corresponding analog voltage 
using the on-chip Of A converter. This Of A 
converter consists of a resistor divider chaln 
connected to the external reference voltage 
with 256 taps and selection switches. The tap 
decoder switches one of these taps to the 
DAe output line (see Figure 3). 

The analog output voltage Is buffered by an 
auto-zeroed unity galn amplifier. This buffer 
amplifier may be switched on or off by setting 
the analog output enable flag of the control 
register. In the active state the output voltage 
is held until a further data byte is sent. 

The on-chip 01 A converter is also used for 
successive approximation AID conversion. In 
order to release the DAe for an AID conver
sion cycle, the unity gain amplifier is equipped 
with a Irack-and-hold circuit. This circuit holds 
the output voltage while executing the AID 
conversion. 

The output voltage supplied to the analog 
output AoUT is given by the formula shown In 
Figure 4. The waveforms of a Of A conversion 
sequence as shown In FIgure 5. 

v ... 

..... 

.... 

.. 
AI 

A1 

.... --'---0..0--' 

DACOUT 

D7 
III 

DO 

TC1871OE1 

Figure 3. DAC R .... tor Dlvld.r Chain 

... LIllI 

1D71"1"1~1"1"1~IDOI~~ 

7 

YAOUT • YAGND + VREF ;':ACIND I~ DI x 21 

v .. 
v ... E--------::,. .... ,.. .. / .... ,.. .. . " ." . .,.-' ." V_ 

v • .....,.oo,.., .. ..,." .. -' .. ,.. .. .,....----::'FE:-:FF~ 

HlXCOO£ 

"'"""" 

PCF8591 

figure 4. DAC Data and DC Conversion Characteristics 

----:::::n-QR----\ =:::1' If .:1"'.1:', 
PREVIOUS VAI.UI! HELD .. DAC REGISTER _ _ I 

Figure 5. Df A Conv.rslon Sequ.ncs 
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AID Conversion 
The AID converter makes use of the succes
sive-approximation conversion technique. 
The on-chip DI A converter and a high gain 
comparator are used temporarily during an AI 
D conversion cycle. 

An AID conversion cycle is always started 
after sending a valid read mode address to a 
PCF8591 device. The AID conversion cycle 
is triggered at the trailing edge of the ae-

knowledge clock pulse and is executed while 
transmitting the result of the previous conver
sion (see Figure 6). 

Once a conversion cycle is triggered, an input 
voltage sample of the selected channel is 
stored on the chip and is converted to the 
corresponding 8-bit binary code. Samples 
picked up from differential inputs are convert
ed to an 8-bit two's complement code (see 
Figure 7). The conversion result is stored in 
the ADC data register and awaits transmis-

PROTOCOL I s I ADDRESS , I A I DATA BYTE 0 DATA BYTE , 

Objective Specification 

PCF8591 

sion. If the auto-Increment flag Is set, the next 
channel is selected. 

The first byte transmitted in a read cycle 
contains the conversion result code of the 
previous read cycle. After a power-on reset 
condition, the first byte read is a hexadecimal 
80. The protocol of an 12C bus read cycle is 
shown in Figure 8. 

The maximum AID conversion rate is given 
by the actual speed of the 12C bus. 

DATA BYTE 2 

SOAlrrrn a--n a--n a--n [ 
L SAMPLING L SAMPlING L SAMPUNG 

BYTE' BYTE 2 BYTE 3 

CONVERSION 
OF BYTE , 

TRANSMISSION 
OF PREVIOUSLY 

CONVERTED BYTE 

CONVERSION 
OF BYTE 2 

TRANSMISSION 
OF BYTE' 

Figure 6. AID Conversion Sequence 

HEX 
CODE 

CONVEAStON 
OF BYTE 3 

TRANSMISSION 
OF BYTE 2 

FF 1----------'" 
FE 

2&4251 

OP15780S 

7F 

7E 

~ I I .. 
'28127 

VAlN+ - VAlN_ 

VLSB 

VLS8 = VREF - V AGND 

8' 2M 
80 

a. AID Conversion Chsracterlstics of Single-Ended Inpute b. AID Conversion Characteristics of Differential Inputs 

Figure 7 

February 1987 5-65 

I 



Signetics Uneer Products Objective SpeCification 

8-Bit AID and D I A Converter PCF8591 

Reference Voltage 
For the DI A and AID conversion either a 
stable external voltage .reference or the sup
ply voltage has to be applied to the resistor 
divider chain (pins VREF and AGNO)' The 
AGNO pin has to be connected to the system 
analog ground and may have a DC offset with 
reference to Vss. 

A low frequency may be applied to the VREF 
and AGNO pins. This allows the use of the DI 
A converter as a one-quadrant multiplier (see 
Figure 4). 

The AID converter may also be used as a 
one- or two-quadrant analog divider. The 

amiiog input voltage is divided by the refer
ence voltage. The result is converted to a 
binary code. In this application the user has to 
keep the reference voltage stable during the 
conversion cycle. 

Oscillator 
An on-chip oscillator generates the clock 
signal required for the AID conversion cycle 
and for refreshing the auto-zeroed buffer 
amplifier. When using this oscillator, the EXT 
pin has to be connected to Vss. At the EXT 
pin the oscillator frequency is available. 

If the eSCrEsT pin is connected to VOO, the 
oscillator output esc is switched to a high 

impedance state, allowing thll user to feed an 
external clock signal to esc. 

Bus Protocol 
After a ~ condition, a valid hardware 
address has to be sent to a PCF8591 device. 
The readlwrite bR defines the direction of the 
following single or multiple byte data transfer. 
For the format and the timing of the start 
condition (S), the stop condition (P) and the 
acknowledge bit (A) refer to the 12c bus 
characteristics. In the wrRe mode, a data 
transfer'III terminated by sending IIRher a stop 
condition or the start condition of the next 
data transfer. 

ACKNOWLEDGE 
FROM PCFSSS1 

ACKNOWLEDGE 
FROM PCF85lI1 

ACKNOWLEDGE 
FROM~ 

N=OTOII 
DATA BYTES 

ARM .... 

a. Bus Protocol for Write Mode, D/A Conversion 

February 1987 

ACKNOWLEDGE 
FROM PCF8591 

ACKNOWLEDGE 
FROIiIlASTER NO ACKNOWLEDGE 

N=OTOII 
DATA BYTES 

LAST DATA BYTE 

b_ BUB Protocol for Read Mode, AID Conversion 

Figure 8 
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CHARACTERISTICS OF THE 12c 
BUS 
The 12C bus is for bidirectional, two-line com
munication between different ICs or modules. 
The two lines are a serial data line (SDA) and 
a serial clock line (SCl). Both lines must be 
connected to a positive supply via a pull-up 
resistor. Data transfer may be initiated only 
when the bus is not busy. 

Bit Transfer 
One data bit is transferred during each clock 
pulse. The data on the SDA line must remain 
stable during the HIGH period of the clock 
pulse as changes in the data line at this time 
will be interpreted as a control signal. 

Start and Stop Conditions 
Both data and clock lines remain HIGH when 
the bus is not busy. A HIGH-to-lOW transi
tion of the data line, while the clock is HIGH, 

is defined as the start condition (S). A LOW
to-HIGH transition of the data line, while the 
clock is HIGH, is defined as the stop condi
tion (P). 

System Configuration 
A device generating a message is a "trans
mitter", a device receiving a message is the 
"receiver"·. The device that controls the mes
sage is the "master" and the devices which 
are controlled by the master are the 
"slaves". 

SDA --J./--:~_~X,--:------{:,~_~ 

February 1987 

SCL 

DATAUNE 
STABLE: 

DATA VALID 

I CHANGE I 
I OFDATA I 
I ALLOWED I 

Figure 9. Bit Transfer 

~ 

~-I I-~ 

SDA --I I \ .... -!-l __ -'-I ____ :I~ ____ \...l-____ !-III I ~ SDA 

I -I I I I 
r ---+-I-+I --<; \"' __ oJ! I p: II- SCL 

L_.J 
SCL 

START CONDITION STOP CONDITION 

Figure 10. Definition of Start and Stop Condition 

SDA------~--------4r--------_1----------~--------4r--

SCL--4r--t-----~~-r------~_i------~--t_----_4r__r--

Figure 11. System Configuration 
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Acknowledge 
The number of data bytes transferred be
tween the start and stop conditions from 
transmitter to receiver is not limited. Each 
data byte of eight bits is followed by one 
acknowledge bit. The acknowledge bit is a 
HIGH level put on the bus by the transmitter 
whereas the master also generates an extra 

SI'ART 
CONDITION 

I 
SCLFROM 

MASTER I 

acknowledge-related clock pulse. A slave 
receiver which is addressed must generate 
an acknowledge after the reception of each 
byte. Also. a master must generate an ac
knowledge after the reception of each byte 
that has been clocked· out of the slave 
transmitter. The device that acknowledges 
has to pull doWn the SDA line during the 
acknowledge clock pulse; so that the SDA 

Objective Specification 
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line Is stable LOW during the HIGH period of 
the acknowledge-related clock pulSe. A mas
ter receiver must signal an end-of-data to the 
transmitter by not generating an acknowledge 
on the last byte that has been clocked out of 
the slave. In this event. the transmitter must 
leave the data line HIGH to enable the master 
to generate a ·stop condition. 

CIDCK PULSE FOR 
ACKNOWlEDGEMENT 

I 
I 

DATAOUTPUT ~. ~ r-~ / 
BYTAANSMIITER 1\ / A.\", ___ ~~ 

DATA OUTPUT 
BY RECEIVER 

Timing Specifications 

S 

All the timing values are valid within the 
operating supply voltage and ambient tem-

Figure 12_ Acknowledgement on the lie Bus 

perature range and refer to Vll and VIH with 
an input voltage swing of Vss to VOO. 

SYMBOL PARAMETER 
Min 

fSCl SCL clock frequency 

Isw Tolerable spike width on bus 

teuF Bus free time 4.0 

Isu. Start condition setup time 4.0 
IsTA 

tHO. Start condition hold time 4.7 
tSTA 

tLOw SCL LOW time .4.7 

tHIGH SCL HIGH time 4.0 

tR SCL and SDA rise time 

tF SCL and SDA fall time 

Isu. Data setup time 250 
tOAT 

tHO. Data hold time 0 
tOAT 

tvo. SCL LOW to data out valid 
tOAT 

Isu. Stop condition setup time 4.0 
IsTO 
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LIMITS 
UNIT 

Typ Max 

100 kHz 

100 ns 

jJS 

jJS 

jJS 

jJS 

jJS 

1.0 jJS 

0.3 jJS 

ns 

ns 

3.4 jJS 

jJS 
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APPLICATION INFORMATION 
Inputs must be connected to Vss or Voo 
when not in use. Analog inputs may also be 
oonnected to VGNO or VREF. 

PROTOCOL 

BOA 

February 1987 

START 
OONDITlON 

(s) 

In order to prevent excessive ground and 
supply noise. and to minimize cross-talk of 
the digital-to-analog signal paths. the user 
has to design the printed circuit board layout 
very carefully. Supply lines oommon to a 

BIT 7 -(A7) 

BITS 

(AI) 

BIT 0 
LSB 

(RIW) 

Figure 13_ 12C Bus nmlng Diagram 

PCF8591 device and noisy digital circuits and 
ground loops should be avoided. Oecoupling 
capacHors (> 1 QIlF) are recommended for 
power supply and reference voltage inputs. 

ACKNOWLEDGE 
(AI 

STOP 
00NDm0N 

(PI 

WF1e87DS 

SCLI-----4 
SDA~---------+-4 

I'c BUS 

Figure 14_ Application Diagram 
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TYPICAL PERFORMANCE CHARACTERISTICS 

200 

~ 175 

jl50 

; 125 
a: 
G 100 

i : 

Internal OsCillator 

v V 

/" 
,/ 

/ V 

252.5 3.0 3.5 4.0 4.5 5.D 5.5 tI.D 
voo (V) 

OP117418 

140 

~1211 

jl00 

I : 
I : .-
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External Oecillator 

-4O'C ....... .6-
+27"C, 

~ ~ V 
~ ~ , +We 

/" 

02.1 3.D 3.5 4.0 4.5 s.o U tI.D 
vDD (V) 

0P117118 

Operating Current va. Supply Voltage (Analog OUtput Dleabled) 

NOTES: 

Output Impedance near Negative Power Rail 

500 

o 
00 

\ 
\ 
I, 

............. ---
02 04 08 08 08 

HEX INPUT CODE 
0P11721S 

The x-axis represents the hex input-oode equivalent of the output voltage. 
Voo'" VREF - 5.12V and Vss = VAGND 

Output Impedance near Positive Power Rail 

100 

1 
/ 

/ -'" 
°ao co 00 EO FO FF 

HEX INPUT CODE 
OP117J1' 

Output Impedance of Analog OUput Buffer Near Power Raila 
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DESCRIPTION 
The PNA7509 is a monolithic NMOS 7-
bit analog-to-digital converter designed 
for video applications. The device con
verts the analog input signal into 7 -bit 
binary coded digital words at a sampling 
rate of 22MHz. 

The circuit comprises 129 comparators. 
a reference resistor chain. combining 
logic. transcoder stages. and TTL output 
buffers which are positive edge-triggered 
and can be switched into 3-State mode. 
The digital output is selectable in two's 
complement or binary coding. 

The use of separate outputs for overflow 
and underflow detection facilitates full
seale driving. 

BLOCK DIAGRAM 
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PNA7509 
7-Bit Analog-to-Digital 
Converter 
Preliminary Specification 

FEATURES 
.7-blt resolution 
• 22MHz clock frequency 
• No external sample and hold 

required 
• High Input Impedance 
• Binary or two's complement 

3-State TTL outputs 
• Overflow and underflow Sostate 

TTL outputs 
• Low reference current (250IJA 

typ.) 
• Positive supply voltages (+5V, 

+10V) 
• Low power consumption (400mW 

typ.) 

• Available In SO package 
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PIN CONFIGURATION 

D, N Packages 

VDD 

VDD 

NC 

CEI 

V ... L 

v .. 

CEI 

UNFL 

BIT 0 

BIT a BIT 1 

BlTZ leu< 

Vao DGND 

coo .... 

PIN NO. SYMBOL DESCRIPTION 

1 Y,N Analog voltage Input 
2 AGND Analog ground 
3 Voo PosMive supply voltage (+ 5V) 
4 VREFH Reference voltage HIGH 
5 STC Select two's complement 
6 OVFL Over1low 
7 b~ 6 Most·slgnlffcant bit (MSB) 
8 bM 5 
9 ~4 

10 bit 3 
11 bit 2 
12 VDD Positive supply voltage (+ 5V) 
13 DGND Digital ground 
14 fCLK 22MH.: ctock input 
15 b~ 1 
16 bit ° l.eest ... ignifioant bit (LSB) 
17 UNFL Underflow 
18 m Chip enable Input 1 
19 V .. Back bias output 
20 VREFl Referenoo voltage LOW 
21 CE2 Chip enable Input 2 
22 NC Not oonnected 
23 VDD PosMive supply voltage (+ 5V) 
24 Voo Po._ supply voltage (+ lOV) 

APPLICATIONS 
• High-speed AID conversion 
• Video signal digitizing 
• Radar pulse analysis 
• High energy physics research 
• Transient signal analysiS 

I 
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7-Bit Analog-to-Digital Converter PNA7509 

ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

24-Pin Plastic DIP o to +70·C PNA7509N 

24-Pin Plastic SO (SOT-101) o to +70·C PNA7509D 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

VDD Supply voltage range (Pins 3, 12, 23) 7 V 

VDD Supply voltage range (Pin 24) 12 V 

VIN I nput voltage range 7 V 

VOUT Output current 5 mA 

PD Power dissipation 400 mW 

TSTG Storage temperature range -65 to + 150 ·C 

TA Operating ambient temperature range o to +70 ·C 
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7-Bif Analog-fo-Digifal Converter PNA7509 

DC ELECTRICAL CHARACTERISTICS Voo-V" 12, 23-1,-4.5 to 5.5V; VOO-V24_2-9.5 to 10.5V; CBB = 1oonF; TA-O 
to + 70·C, unless otherwise specified. 

SYMBOL PARAMETER 

SUpply 

Voo Supply voltage (Pins 3, 12, 23) 
Voo Supply voltage (Pin 24) 

100 Supply current (Pins 3, 12, 23) 
100 Supply current (Pin 24) 

Reference voltagn 

VREFL Reference voltage LOW (Pin 20) 
VREFH Reference voltage HIGH (Pin 4) 

IREF Reference current 

Inputa 

Clock Input (Pin 14) 
VIL Input voltage LOW 
VIH Input voitage HIGH 

Digital Input levels (Pins 5, 18, 21)' 
VIL Input voltage LOW 
VIH Input voitage HIGH 

Input current 
-Is, 21 at Vs, 21-13 - OV 
1,8 at V18_13-5V 

Input leakage current 
III (except Pins 5, 18, 21) 

Analog Input levels (Pin 1) 
at VREFL - 2.5V; VREFH - 5.W 

VIN poP 
Input voltage amplitude 

(peak-to-peak value) 
VIN Input voltage (underflow) 
VIN Input voltage (overflow) 
VI-VREFL Offset input voltage (underflow) 
VI-VREFH Offset input voltage (overflow) 

C1,2 Input capacitance 

Outputs 

Digital voltege outputs 
(Pins 6 to 11 and 15 to 17) 
Output voltage LOW 

VOL at 10-2mA 
Output voltege HIGH 

VOH at -10 - 0.5mA 
"When Pin 5 IS LOW, binaIy coding I. _. 
When Pin 5 Is HIGH, two'. complement Is 8OIocted. 
H PIns 5, 18 and 21 are open-circuIt, Pins 5, 21 are HIGH and Pin 18 Is LOW. 
For output coding, see Table 1: for mode election. see Tabla 2. 

February 1987 

LIMITS 
UNIT 

Min Typ Max 

4.5 5.5 V 
9.5 10.5 V 

60 TBD rnA 
10 TBD mA 

2.4 2.5 2.6 V 
5.0 5.1 5.2 V 

175 250 375 mA 

-0.3 0.6 V 
3.0 5.5 V 

0 0.8 V 
2.0 5,5 V 

TBD 100 tJA 
TBD 100 tJA 

10 tJA 

2.6 V 

2.5 V 
5.1 V 
10 mV 

-10 mV 

TBD 60 pF 

0 -0.4 V 

2.4 Voo V 
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7-Bif Analog-fo-Digifal Converter PNA7509 

AC ELECTRICAL CHARACTERISTICS VOO'"V3, 12, 23-13-4,5 to 5.5V; VOO-V24-2-9.5 to 10.5V; VREFL= 2.5V; 
VREFH = 5.1V; ICLK = 22MHz; CBB = l00nF; TA = 0 to +70·C, unless otherwise 
specified. 

LIMITS 
SYMBOL PARAMETER UNIT 

Min Typ Max 

Timing (see also Figure 1) 

Clock input (Pin 14) 
IClK clock frequency 1 22 MHz 
tLOW clock cycle time LOW 20 ns 
tHf(~H clock cycle time HIGH 20 ns 

Input rise and fall times 1 

tR rise time 3 ns 
tF lall time 3 ns 

Analog input 1 
BW Bandwidth (- 3 dB) 

at VI-2(P-P) = 2.2V 10 MHz 
dG Differential gain 

at II = "4.5MHz2 5 % 
dp Differential phase 

at II = "4.5MHz2 5 deg 
PE Phase error 

at fl = "4.5MHz3 ±10 deg 
SIN Signal-to-noise ratio 

at VI _ 2(P.p) = 2.2V; 
II = "4.5MHz; B - ± 1 MHz 36 dB 

Harmonics 
at VI _ 2(P-P) = 2.2V; 
11=3.6MHz 

10 Fundamental 0 0 dB 
12nd 2nd harmonic tbd dB 
13rd 3rd· harmonic tbd dB 
14th 4th harmonic tbd dB 
15th 5th harmonic tbd dB 
Isth 6th harmonic tbd dB 
1m 7th harmonic tbd dB 

Harmonics 
at VI - 2(P.P) = 2.2V; 
II = 4.5MHz 

10 Fundamental 0 0 dB 
12nd 2nd harmonic tbd dB 
13rd 3rd harmohic tbd dB 
14th 4th harmonic tbd dB 
15th 5th harmonic tbd dB 
IslIi 6th harmonic tbd dB 
1m 7th harmonic tbd dB 

Digital Outp1,llS2, 4 , 
tHOLD Output hold time 6 15 ns 
to Output delay time 20 28 ns 
Icv Internal del.ay 3 clocks 

Propagation delay time 
tpo at IClK = 20.25MHz 154 178 ns 
tOT 3-State delay time (see Figure 2) tBF 10 20 ns 
COL Capacitive output load2 0 15 pF 

Transler function 
Non-linearity 

INL integral ±1 LSB 
DNL differential ±1/2=0.4% LSB 

NOTES: 
1. Clock input rise and fall times are at the maximum clock Irequency (10% and 90% levels). 
2. Low Irequancy sine wave (peak-to-pilak value 01 the analog input voltage at VIN = 1.8V). ampmude modulated w~h a sine wave voltage (VIN - 0.7V) at 

II "'4.5MHz. 
3. Sine wave voltage ~ increasing amplitude at II'" 4.5MHz (minimum ampl~de VIN = 0.25V; maximum amplitude VIN - 2.5V). 
4. The timing values of the digital output Pins 6 to 11 and 15 to 17 are measured with the .clock input reference level at 1.5V. 
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7-Bit Analog-to-Digital Converter PNA7509 

Table 1. Output Coding (VREFL = 2.5V; VREFH = 5.W) Table 2. Mode Selection 

Vl,2 BINARY 
TWO's 

STEP UNFL OVFL COMPLEMENT 
(Typ) Bit 6-Blt 0 

Bit 6-Bit 0 

CE1 CE2 BIT 0 to BIT 6 UNFL, OVFL 

X 0 High High 
impedance impedance 

Underflow < 2.51 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 Active Active 
0 2.51 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 High Active 
1 2.53 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1 impedance 

126 5.03 0 0 1 1 1 1 1 1 0 0 1 1 1 1 1 0 
127 5.05 0 0 1 1 1 1 1 1 1 0 1 1 1 1 1 1 

Overflow ~5.07 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 

CLOCK INPUT CLOCK INPUT 
(PIn 14) II --t--r-- REfERENCE LEVEL 

ANALOG INPUT 
(PIn 1) 

DIGITAL OUTPUTS 
(PIno 6 to 11 MIl 15 to 17) 

CHIP ENABLE 
INPUTCE2 

(PIn 21) 

DIGITAL OUTPUTS 
(PI ... to 11 and 15 to 17) 

Figure 1. Timing Diagram 

Figure 2. Timing Diagram for 3·State Delay 
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REFERENCE LEVEL 
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Author: Nick Gray 

The NE5539 is well-suited for use as a level
shifting amplifier at the input of the PNA7509 
video speed analog-to-digital converter. De
signing this circuH is straightforward and rela
tively simple. 

The first step is to determine the gain that is 
required. Since the PNA 7509 requires a maxi
mum input of 5.0 Voc and a minimum input of 
2.5Voc the required amplifier gain is 

5.0-2.5 2.5 
Av- =------~ 

VMAX - VMIN VMAX - VMIN· 

where VMAX is the maximum level of the 
amplifier input signal, and VMIN is the mini
mum level of the amplifier input signal. 

This gain must be greater than unity as the 
gain of a non-Inverting amplifier such as this 
is 

AV = 1 + (~F/RI). 

The ratio of RF to RI is then 

RF/RI- Av-1. 

The task is now to select RF and RI. These 
resistors should be low enough to swamp out 

-W 

··d 1"") 

BIG. IN. 

"IV 

... -,. 

NOTE: 

AN108 
An Amplifying, Level-Shifting 
Interface for the PNA7509 
Video AjD Converter 
Application Note 

the effects of any stray capaCitance. If RI is 
arbitrarily chosen, RF is found to be 

The required offset voltage, Vo, is then found 
to be 

Vo = VMAX - [(5 - VMAxl (RI/RF)]· 

Because the NE5539 input cannot be driven 
closer to its negative supply than about 4.7V, 
that negative supply must be -4.7V or more 
negative in order to accommodate an input 
signal whose minimum potential is OV. The 
NE5539 output must never come any closer 
to the supply rail than about 5.5V, and the 
maximum output required to drive the 
PNA7509 is 5V, so the positive supply must 
be at least 5 + 5.5V, or 10.5V. If we use 
standard power supply potentials of + 12V 
and -5V, this would satisfy these require
ments, except we must insure that the nega
tive supply is at least as negative as -4.7V. 
Tests have been conducted that indicate 
satisfactory operation with the positive supply 
between 10.5V and 13.5V, and the negative 
supply between -4.7V and -5.7V. Further
more, because the NE5539 is sensitive to 
unbalance in the supplies, H is necessary to 

.. , 

insure that Hs Pin 7 potential is close to 
halfway between the positive and the nega
tive supply. Two resistors and an op amp 
driving Pin 7 nicely provide this balance. 
Another op amp Is used to set the offset 
voltage. 

The three diodes are used to drop the 12V 
supply to 10V for the PNA7509. If available 
and desired, a separate 10V supply could be 
used without the diodes. 

Other components are shown for the conve
nience of the user. The potentiometer at Pin 5 
of the NE5514 is used to adjust Yo. The 
potentiometer at Pin 12 of the NE5514 sets 
the voltage at the low end of the PNA7509 
reference ladder, so is a zero-scale adjust
ment The potentiometer at Pin 3 of the 
NE5514 sets the high end voltage on the 
PNA7509 reference ladder and is, effectively, 
a full-scale adjustment. It is also possible to 
use a signal divider at the NE5539 input for 
full-scale adjustment. RF can also be made 
variable to provide full-scale adjustment. Care 
should be exercised, however, when introduc
ing potentiometers into feedback loops or 
into high-frequency signal paths. 

The NE5514 was chosen for its low input 
offset voltage temperature coefficient. 

... "IV n, UK 
OF\. 

":" '" (U.) use ., ·F 
..,. 

10 

PNA7S07 11 

15 

11 LSI 

17 
UFL 

""'''''' 
·Pin 5 should be grounded for binary output, or tied to a logic high for two's complement output. 
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14-Bit Analog-to-Digital 
Converter 

Unear Products 

DESCRIPTION 
The TDA 1534 is a complete monolithic 
14-bit analog-to-digital converter (ADC) 
which uses the successive approxima
tion conversion technique and includes 
a 14-bit DAC, SAR, comparator, refer
ence source, and clock on the chip. The 
digital functions are implemented with 
ECl logic with TTL level shifters inter
facing with the device pins. 

ORDERING INFORMATION 

Preliminary Specification 

FEATURES 
• h LSB linearity over temperature 
• )4 LSB linearity at 25°C 
• Accepta unipolar or bipolar 

signals 
• TTL compatible logic lines 
• Internal clock 
• Internal reference 
• High slgnal-to-nolse ratio 

(84dB typ) 

APPLICATIONS 
• Automotive 
• Digital audio 
• Digital signal processing 
• Instrumentation 
• Medical electronics 
• Industrial 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

Plastic 28-Pin DIP -20·C to + 70·C TDA1534N 

BLOCK DIAGRAM 

•• 

LD067108 
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PIN CONFIGURATION 

N Packag. 

IIIlUII" .. tlND 

IDIIUI -. 
.. OUT osc, ..... A.GND 

v+ _"PUr 
v,- OFFIEI"_ 

...... FI .... 

osc". FIIJIR 

v,- ..... 
FUIR ..... 
FIIJIR ...... 
FIIJIR FIIJIR 

PI .... FIIJIR 

FlIJIR FIIJIR 100_ 
COOlle1OS 

PIN NO. DESCRIPTI.ON 
1 Start Conversion 
2 S1a1u. 0u1 
3 Data Out 
4 Data Strobe 
5 Pooltlve Supply Voltage 
e Negative Supply Voltage 1 
7 Oscillator Input 
8 OBCIllator Input 
9 Negative Supply Voltage 2 

10 
11 
12 Filter 
13 
14 
15 
18 Riter 
17 
18 'REF1 
19 'REF2 
20 'REFS 

~I FIHor 

23 0fI80I Binary Input 
24 Analog Signal Input 
25 Analog Ground 
26 OBCIllator 
27 Oscillator 
26 DIgItal Ground 
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14-Bit Analog-to-Digital Converter TDA1534 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

V+ Positive supply voltage (Pin S) 7 V 

Vl- Negative supply voltage (Pin 6) -7 V 

Vr Negative supply voltage (Pin 6) -20 V 

TSTG Storage temperature range -SS to +1S0 "C 

TA Operating ambient temperature range -20 to +70 "C 

Po Power dissipation (2S"C) 3.S W 

DC ELECTRICAL CHARACTERISTICS V+ - SV, Vl- - -SV, V2 - - -17V, TA - +2S"C, unless otherwise specified. 

UMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Resolution 14 bits 

Linearity 
± 'Y4 LSB 

EL -20"C to + 70"C ±~ LSB 

IFS Full-scale analog input current Pin 23 shorted to ground 3.8 4.0 4.2 mA 

TCA Tempco of analog input current Pin 23 shoned to ground ±30 ppm/DC 

Vo Zero-scale offset voltage Pin 23 shoned to ground 10 20 30 mV 

TCVO Tempco of zero-scale offset voltage o to SO"C, Pin 23 grounded 80 p.VI"C I 
los Zero-scale offset current Pin 23 shoned to ground 500 nA 

TClo Tempco of input offset current Pin 23 shoned to ground 1.5 nA/"C 

IBO Offset binary current 0.45 0.50 0.55 IFS 

TCIBO Tempco of offset binary current 30 10-6,"C 

IlL Stan conversion input current (Pin 1) VIL <0.8V -1.6 rnA 

IIH Stan conversion input current (Pin 1) VIL> 2.0V 40 /AA 

10L Output low current (Pins 2, 3, 4) VOL <0.6V 6.4 16 rnA 

10H Output high current (Pins 2, 3, 4) VOH> 2.4V 160 400 /AA 
SIN Signal-to-noise ratio 1 80 84 dB 

V+ Positive supply voltage (Pin 5) 4 5 8 V 

Vl- Negative supply voltage (Pin 8) -5 V 

Vr Negative supply voltage (Pin 9) -16.5 -17 -18 V 

Icc+ Positive supply current 30 40 mA 

ICC-I Negative supply current -37 -45 mA 

Ic0-2 Negative supply current -10 -13 mA 

Po Power dissipation 500 mW 
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14-Bit . Analog-to-Digital Converter TDA1534 

AC ELECTRICAL CHARACTERISTICS v+ = SV, Vl- =-SV, V2- --l7V, TA = +2S0C, unlesS otherwise specified. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS 

Min TyP 

!coNV Ccnversion time 
Clock capacitor - 220pF 

8.S 
Pins 28-27 (± 1%) 

Isc Slart conversion pulse width (Pin 1) 0.2 

Iso STATUS out delay tima (Pin 2) 80 

tos DATA setup time (Pin 3) 2S 

tOSH DATA STROBE pulse duration (Pin 4) 125 

NOTES: 
Signa~\c).nolse ratio wi1h1n 10Hz and 20kHz bandwid1h of a 1 kHz full-scale slnawave, generated at a sample rate of 44kHz. 

POWER DERATING CURVE 

4 

a 

I 2 .. 

o 
o 

" 
I\. 

1\ 

1\ 
I' 

tIO 100 
I\. 

110 

""', ... 
SWITCHING TIME WAVEFORMS 

j-1Sc-j 

UNIT 
Max 

lAS 

lAS 

ns 

ns 

ns 

~~ I~----------------------------------------------------------------------
~,ru 
-i~ .. --------------~------~----------------------~,~ 

_our 

_ ..... 
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14-Bit Analog-to-Digital Converter TDA1534 

FUNCTIONAL OPERATION AND 
USE 
The TDA1534 Analog-to-Digital Converter 
(ADC) incorporates a 14-bit Digital-to-Analog 
Converter (DAC) that is functionally equiva
lent to the TDA 1540 14-bit DAC. This DAC 
uses a unique Dynamic Element Matching 
scheme (Electronic Components and Appli
cations, Vol. 2, No.4, August 1980, by R.J. v. 
d. Plassche; IEEE Journal of Solid State 
Circuits, Vol. SC14, June 1979, pp. 552-556, 
by R.J. v. d. Plassche and D. Goedhardt) that 
insures 14-bit accuracy. 

The Dynamic Element Matching technique 
requires an oscillator for current switching. In 
the TDA 1534, the frequency of this oscillator 
is determined by the value of a capacitor 
between Pins 7 and 8. With the suggested 
820pF capacitor, the internal clock frequency 
is about 160kHz. The capacitor value vs. 
oscillator frequency is a linear relationship. 
The conversion speed bears no relationship 
to this switching frequency because the 
switched currents are filtered and are simply 
DC values on the chip. The value of the ten 
filter capacitors is not particularly critical; 
-30% to +100% tolerance being allowed. 

The acceptable frequency range for the Dy
namic Element Marching oscillator is 150kHz 
to 250kHz. The minimum value arises from 
the fact that the divide-by-four action of the 
Dynamic Element Matching operation makes 
too low a frequency fall into the audio pass
band. The maximum value is needed because 
at high frequencies the oscillator jitter be
comes too great a part of the clock period 
and causes inaccuracy in the Dynamic Ele
ment Matching current division and a loss of 
accuracy. It is suggested that the oscillator 
frequency be chosen so that it is close to the 
150kHz minimum to keep the jitter from 
approaching 1t2 clock period. This would pro
vide greatest accuracy. 

The DynamiC Element Matching scheme 
takes each bit current and divides it in four. 
Two of these currents are combined to pro
duce the current of the next lower bit. To 
insure that this current is half of its next 
higher bit, the two currents that are summed 
are sequenced in a predetermined pattern. 
For example, if the currents A, B, C, and D, 
we might first combine currents A and C, then 
A and D, then Band D, then A and B, etc., to 
allow for any small differences between indi
vidual currents, making the average current 
exactly half that of the next higher bit. In this 
way, high accuracy is obtained with high yield 
and relatively low cost. The disadvantage 
here is the requirement for the ten filter 
(decoupling) capacitors and the relatively 
large negative supply of 17V (use of 18V is 
quite permissible). 
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Figure 1_ An Example of a Dual Current Source That may be Used 
to Drive the OSCillator Pins When an Externsl OSCillator is Requlred_ 

Note That Timing and the Number of Clock Cycles are Very Important 
for Proper Operation 

The Reference Source is a temperature
corrected bandgap type. The 162n resistor at 
Pin 19 trims the bandgap PTC (positive tem
perature coefficient), while the 1200n resis
tor at Pin 20 is used to temperature-correct 
the reference with an NTC (negative tempera
ture coefficient) that essentially cancels out 
the effect of the PTC, yielding a reference 
voltage that is constant over temperature. 
The 3.3nF (0.003I'F) capacitor at Pin 18 is 
used for stabilizing the reference and offers a 
little noise filtering. It should be noted, howev
er, that it is not reasonable to increase this 
capacitor to achieve additional noise filtering 
as its primary function is for circuit stabiliza
tion and the 3.3nF value is needed for this. 

The Clock Oscillator with timing capacitor at 
Pins 26 and 27 is the AID clock, which 
operates at about 3.5MHz with a 220pF 
capacitor between these two pins. The rela
tionship between oscillator frequency and 
capacitance is linear, but a higher frequency 
(lower capacitance) will cause a loss of con
verter accuracy. A lower frequency (higher 
capacitance) will cause the. conversion time 
to increase, although this will not result in an 
accuracy improvement. These pins can be 
driven in a complementary manner with two 
identical current sources if it is desired to use 
an external clock. See Figure 1 for a possible 
circuit to use with external clock drive. It is 
important that the Start Conversion signal 
begin within 10l'S of the center of the time 
that the clock is at a logic low, that the clock 
have a 50% duty cycle, and that exactly 30 
clock cycles occur during each conversion 
cycle. The converter requires 30 clock cycles 
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for one conversion, yielding an 8.5!'8 conver
sion time at 3.5MHz clock frequency. 

The Status output goes high to indicate a 
conversion in progress, and can be conve
niently used to control a sample-and-hold 
amplifier such as the TDA1535. When the 
Start Conversion input (Pin 1) is brought 
high, the Status output immediately goes 
high, but there is a delay of two external clock 
periods (about 1t2!'8) before conversion be
gins. The Status pin may, therefore, be 
connected to the Sample/Hold control pin of 
a Sample-and-Hold amplifier (as long as the 
input interprets a logic high to be a "Hold" 
signal), eliminating the need for two separate 
commands: one to the sample-and-hold am
plifier and another to the AID converter. See 
Figure 2. 

Note that the TDA 1535 acquisition time is 
stated at 2/1s, yet conversion begins about 
1t2!'8 after the Status output goes high. The 
acquisition time is the time it takes the 
sample-and-hold amplifier output to make a 
full range swing when going from sample 
(track) to hold. When the sample-and-hold is 
in the track or sample mode and goes to the 
hold mode, as is the case when the status 
output goes from a logic low to a logic high, 
the time for the sample-and-hold output to 
settle is much less, and the 1t2!'8 is sufficient 
time for the sample-and-hold amplifier to 
settle when going from the sample or track 
mode to the hold mode. 

There are about 3 external clock periods 
(about 1.5 internal clock periods - the inter
nal clock being half the frequency of the 

I 
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14-Bit Analog-to-Digital Converter 

external clock), or about 850ns, between the 
rise of the Start Conversion input to the fall 
of the first Data Strobe output, the center of 
the MSB data valid time. 

The Start Conversion pulse must have a 
very fast rise time to insure that the Status 
Output goes high with minimum delay. With 
excessive delay in the Status Output, the 
sample-and-hold amplifier could go into the 
hold mode after the MSB is determined, 
adding inaccuracy to the conversion. Normal 
TTL switching speeds are adequate. Once a 
conversion has been started, the signal at the 
Start Conversion input will have no effect, 
so it is not possible to short cycle the 
TDA1534. 

- .. 

• k ... .. 

... 
+IV 

-IV 

Data at the Data Output pin appears MSB 
(Most Significant Bit) first and the Data 
Strobe output pulses only appear while a 
conversion is in progress, going low each 
time a valid bit is present at the Data Out pin. 
Data should only be considered valid at the 
falling edge of this Data Strobe output, so a 
negative edge-triggered serial-in, parallel-out 
register should be used for serial-to-parallel 
conversion. Since shift register decoding is 
done within the TDA 1534, there is no need to 
externally determine when the MSB is valid 
and when to stop clocking data into the shift 
register. The Data Strobe is used to directly 
load the shift register, simplifying circuit de
sign. See Figure 2. 

(-5V) 
v+ v-

II. ..... 

-IV .IV 

I UnF ... 

Preliminary Specification 

TDA1534 

Pin 23 is the Offset Binary input pin. With 
this pin grounded, the converter will accept 
input currents in the range of 0 to 4mA. With a 
capacitor between Pin 23 and ground, the 
acceptable linear range of input currents is 
-2mA to +2mA, and the converter operates 
in the so-called "Offset Binary" mode. This 
pin should not be left floating as the converter 
accuracy could suffer due to energy from the 
Dynamic Element Matching oscillator feeding 
into the input, effectively adding 160kHz 
noise there. 

The Analog Signal Input, Pin 24, is a virtual 
ground, so a serieS resistor is needed to limit 
the input current range to -2mA to + 2mA 
with Pin 23 grounded through a capacitor, or 
to 0 to 4mA with Pin 23 at AC ground . 

Figure 2. The Status Output Can Be Used to Control a Sample-and-Hold Amplifier, 
While the Data Strobe Output Controls a Serlal-to-Parallel Shift Register 
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14-Bit Analog-to-Digital Converter TDA1534 

ANAIDO 
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f.8.GAlN 
2IiO I 8 

~~ +IV 

-1 
111 24 
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JIL1.F 
-IV 
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28 

Figure 3. Zero-Scale Offset and Full-Scale Gain AdJustment 

ZERO-SCALE OFFSET ADJUST 
The analog signal input at Pin 24 is a current 
input and, to compensate for the zero-scale 
offset error, it is necessary to inject the 
proper current at Pin 24. This is easily accom· 
plished by connecting the wiper of a potenti· 
ometer to Pin 24 in series with a 1 Mn 
resistor. Figure 3 illustrates how this may be 
accomplished. 

FULL-SCALE GAIN 
ADJUSTMENT 
Since the analog signal is a current input, the 
value of this current being determined by the 
analog voltage input and the value of the 
input resistor, RIN, the Full-Scale Gain Adjust
ment, is simply making RIN an adjustable 
resistor, or rheostat. The problem with a 
Single adjustable resistor, however, is the fact 
that potentiometers have a rather large tem
perature coefficient. A gain adjustment that is 
reasonably stable would be a fixed film resis
tor in series with a rheostat, wHh the majority 
of the resistance in the fixed resistor. Figure 3 
illustrates how this is accomplished. 
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AMBIENT TEMPERATURE 
CONSIDERATIONS 
The TDA 1534 is tested and rated for opera
tion over the commercial temperature range 
(-20·e to + 70·C). Above 70·e, the digital 
portion of the converter ceases to function 
and the converter will not operate at all. At 
temperatures much below - 20·e the base
emitter junction voltage of the transistors 
increases to the point where the -17V supply 
is not sufficient to provide enough voltage to 
properly bias all the transistors that are 
stacked upon each other and accuracy be
gins to suffer. Increasing the negative supply 
to -19V should allow lower temperature oper
ation, but behavior below -20·e is unknown 
and not guaranteed. 

LAYOUT PRECAUTIONS 
Layout of high bit count data converters 
requires a great deal of caution if maximum 
accuracy is to be realized. Just a little noise, 
as little as a few hundred microvolts, can 
cause errors as high as a few counts. 

As is the case with all AID converters, the 
analog ground and the digital ground must be 
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connected together as close to the device as 
is possible. This is the only pOint on the board 
where the analog and digital grounds should 
be connected together. The Signal return line 
should have its own path from the signal 
source return to the AID converter analog 
ground to prevent ground noise fluctuations 
from detracting from converter accuracy. Nei
ther the signal input line nor the signal return 
line should be run parallel to lines carrying 
digital information and should be as short as 
is 'reasonably possible. 

As always with any linear Ie, the power 
supplies should be as stable as possible and 
should be bypassed as close to the power 
supply pins as possible. 

The oscillator should be located as close to 
the COAverter package as pOSSible, as should 
the resistors and capacitor at Pins 18, 19, 20 
and 23. The entire path from the input source 
to Pin 24 should be as short as possible, as 
should the trace from the STATUS output to 
the sample-and hold control input (if the 
STATUS output is used to control the sample
and-hold amplifier). 

I 
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Analog-to-Digital Converter 

Linear Products 

DESCRIPTION 
The TDA5703 is an S-bit analog-to-digi
tal converter (ADC) designed for video 
and professional applications. The 
TDA5703 converts the analog input sig
nal into S-bit binary-coded digital words 
at a sampling rate of up to 25M Hz. 

FEATURES 
• 8-blt binary coded resolution 
• Digitizing rates up to 25MHz 
• Internal reference 
• Only 3 external capacitors 

required 

ORDERING INFORMATION 

Preliminary Specification 

• Two voltage supply connections: 
-analog +5V 
- digital + 5V 

• 1V full-scale analog Input (75(2 
external resistor tied to Vccll 

• Full-scale bandwidth; 11MHz at 
3dB 

• Low power consumption; 
typically 250mW 

• 24-lead plastic DIP 

APPLICATION 
• Video data conversion 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

24-Pin Plastic DIP (SOT-l0l BE17) o to + 70·e TDA5703N 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

VCC1 
Supply voltages 

8 V 
at Pin 4 

VCC2 at Pin 6 
8 V 

VIN 
Input voltage 

8 V 
at Pins 1 and 5 

lOUT 
Output current 

10 
at Pins 9, 10, II, 13, 10 mA 
14, 15, 16 and 17 

TSTG Storage temperature range -65 to +150 ·e 

TJ Junction temperature +125 ·e 

TA Operating ambient temperature range o to +70 ·e 
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PIN CONFIGURATION 

N Package 

AGND 

NO 

NC 

NC 

Ne 

BlTl 

BIT 2 

8rr4 

10PVlEW 

PIN SYMBOL DESCRIPTION NO. 
1 v, Analog yoHage input 
2 AGND Analog ground 
3 AIR Analog input reference 
4 vcc, Analog supply voltage 
5 fCLK Clock input 
6 VCC2 Digital supply voltage 
7 NC Not connected 
8 NC Not connected 
9 Bit 1 least significant bit (lSB) 

10 Bit 2 
11 Bn 3 
12 DGND Digital ground 
13 Bit 4 
14 Bit 5 
15 Bit 6 
16 Bit 7 
17 Bn 8 Most significant bit (MSB) 
18 NC Not connected 
19 NC Not connected 
20 NC Not connected 
21 NC Not connected 
22 C, 
23 C. DecoupIlng for Internal 

24 C. 
reference 
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Analog-to-Dlgltal Converter TDA5703 

BLOCK DIAGRAM 
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Analog-to-Digital Converter TDA5103 

DC ELECTRICAL CHARACTERISTICS VCCI = VCC2 = 4.75 to 5.25V; TA=25·C, unless otherwise specified. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

SUpply 

VCCI Analog supply voltage Pin 4 4.75 5.0 5.25 V 

VCC2 Digitsl supply voltage Pin 6 4.75 5.0 5.25 V 

ICCI Analog supply current Pin 4 55 80 105 rnA 

1CC2 Digital supply current Pin 6 55 80 105 mA 

Res Resolution 8 bits 

Digital Input levals 1 

VIH Input voltage HIGH 2.2 VCC2 V 

VIL Input voltage LOW -0.3 0.8 V 

IIH Input current HIGH 10 jJA 

IlL Input current LOW -7 350 jJA 

Analog input levels VCC1-1 VCCI V 

Absolute linearity VI -1.5 +1.5 LSB 

Differential linearity VI -1.5 +1 LSB 

BW Bandwidth 
ldB 6.0 MHz 
3dB 6.0 10 MHz 

Differential phase 
Fo = 25MHz, measured with TDA5702 

1 deg. 
Differential gain 2.3 % 

Offset error 40 mV 

RIN Input resistance 80 kn 
CIN Input capacitance 5 pF 

Digital output levela (10 - 10mA) 

VOH Output voltage HIGH 2.4 V 

VOL Output voltage LOW 0.40 V 

Co External capacitance CIo C2, C:I 100 nF 

Temperature 

TA 
Operating ambient temperature 
range 

0 +70 ·C 

AC ELECTRICAL CHARACTERISTICS VCC1-VCC2=4.75 to 5.25V; TA=25·C, unless otherwise specified. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Timing 

te Maximum conversion rate 25 MHz 

tOELAY Aperture delay 1 19 ns 

to Digital output delay 1 28 ns 

tPWH Pulse width conversion HIGH1 20 ns 

tPWL Pulse width conversion LOW1 20 ns 

NOTE: 
1. See Timing Diagram, Figure 1 
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Analog-to-Digital Converter 
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EXrERNAL 
ClDCK 

INTERNAL 
CIDCK 

AIWOG 
INPUT 

DIGITAL 
OUI'PIII' 

Preliminary Specification 

TDA5703 

Figure 1. Timing Diagram 

I 
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CONV 
SPEED 

DEVICE BITS ACC % (1'8) 

NE5150 4 0.39 0.01 

NE5151 4 0.39 0.Q1 

NE5152 4 0.39 0.01 

TDA8442 6 0.78 

TDA8444 6 0.78 

MC1408-7 8 0.39 0.07 

MC1408-8 8 0.19 0.07 

MC1508-8 8 0.19 0.07 

DAC08 8 0.19 0.07 

DAC08A 8 0.10 0.07 

DAC08C 8 0.39 0.07 

DAC08E 8 0.19 0.07 

DAC08H 8 0.10 0.07 

NE5018 8 0.19 2.3 

SE5018 8 0.19 2.3 

NE5019 8 0.10 2.3 

SE5019 8 0.10 2.3 

NE5118 8 0.19 0.2 

SE5118 8 0.19 0.2 

NE5119 8 0.10 0.2 

SE5119 8 0.10 0.2 

PNA7518 8 0.19 0.013 

TDA5702 8 0.39 0.04 

MC3410C 10 0.10 0.25 

NE5020 10 0.10 5.0 

NE5410 10 0.05 0.25 

SE541 0 10 0.05 0.25 

MC3410 10 0.05 0.25 

MC351 0 10 0.05 0.25 

AM6012 12 0.05 0.25 

DAC800V 12 0.012 5.0 

DAC8001 12 0.012 1.0 

February 1987 

Digital-to-Analog Converter 
Selector Guide 

OUTPUT PACKAGE TEMPERATURE RANGE 
INT INT 

V I REF LATCH N D F Com'l Mil COMMENTS 

X X X X X 
3 X 4 Bits with 

RAM 

X X X X x 3X4Blts 
without RAM 

X X X X X 
3 X 4 Bits with 

RAM 

X X X X 4 X 6 Bits 12c 

X X X X 8 X 6 Bits 12c 

X X X X 

X X X X X 

X X X 

X X X 

X X X 

X X X X 

X X X X X 

X X X X 

X X X X X X X 

X X X X X 

X X X X X X X 

X X X X X 

X X X X X X X 

X X X X X 

X X X X X X X 

X X X X X 

X X X X 30MHz 
sampling Rate 

X X X X X 25 MSPs 

X X X X 

X X X X X X 

X X X ±1t4 LSB DNL 

X X X ±1t4 LSB DNL 

X X X X ±1t:z LSB DNL 

X X X ±1t:z LSB DNL 

X X X ±1 LSB DNL 

X X X X X 

X X X X X 
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CONV OUTPUT PACKAGE TEMPERATURE RANGE 
SPEED INT INT 

DEVICE BITS ACC '" (pa) V I REF LATCH N D F Com'I MN COMMENTS 

TDA1540D 14 0.012 0.5 X X X X X 
Serial Input ± It:! 

LSB DNL 

TDA1540 14 0.003 0.5 X X X X X X Serial Input 

TDA1541 16 0.0008 1.0 X X X X X Serial Input 

I 
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Absolute Accuracy Error 
Absolute Accuracy Error of a DAC at an input· 
code is the difference between the theoretical 
output voltagel current at a digital input code 
and the actual analog output voltagel current 
produced at the same code. 

Absolute Accuracy Error includes gain error, 
offset error and relative accuracy error and is 
typically expressed in lSBs or in percent of 
full-scale range (FSR). 

Differential Linearity Error 
Differential Linearity Error of a DAC is the 
difference between the actual step size be
tween any two adjacent codes and the ideal 
step size (which is equal to 1 lSB of the 
DAC). A differential linearity error of greater 
than 1 lSB can lead to non-monotonicity. 

Full-Scale Range (FSR) 
The Full-Scale Range (FSR) of a DAC is the 
scale factor that determines the nominal 
conversion relationship; e.g., 10V span for a 
full-scale code change in a fixed reference 
converter. 

In a unipolar DAC of n bits, the output 
voltage/current is OVlmA with all bijs OFF. 
With all bits turned ON, the output voltagel 
current is FSR X (1 _2- N). 

In a bipolar DAC, the output voltage/current 
is -FSR/2 with all bits OFF. With all bija 
turned ON, the output voltagel current is 
FSR X (1_2-(N-1). 
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Symbols and Definifions. for 
Digital-fo-Analog Converters 
(DACs) . 

Integral Non-Linearity 
Same as Relative Accuracy. 

Least Significant Bit 
The least SignHicant Bij (lSB) is the lowest
order bit and carries the smallest weight. In 
an n-bit DAC, the weight of the lSB is 2 - N 
relative to the FSR of the DAC. It represents 
the smallest discrete step that can be at
tained in the output of the DAC. 

Monotonlclty 
A DAC is said to be monotonic if the output 
either increases or remains constant as the 
digital input increases from any code to the 
next higher code. 

Most Significant Bit (MSB) 
The Most Significant Bit (MSB) is the highest 
order bit and carries the most weight. The 
weight of the MSB is h the FSR of the DAC. 

Offset Error (Unipolar and 
Bipolar) 
In a DAC, unipolar offset is the actual analog 
output voltagel current wijh all the bija turned 
OFF. Offset Error causes a shift in the trans
fer characteristic of the DAC. Similarly for 
bipolar offset, it is the actual output voltagel 
current with the digital input at half-scale. 

Power Supply Sensitivity 
The Power Supply Sensitivity of a DAC is the 
change in the DAC output wijh changes in the 
DC power supply voltages. It is usually ex
pressed in lSBslV or in % FSRIV. 
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Rel.tlve Accuracy 
Relative Accuracy Error is the deviation of the 
DAC's actual output voltagel current from the 
ideal output voltagel current on a straight line 
connecting the end points of the transfer 
characteristic after nulling offset error and 
gain error. It is generally expressed in lSBs or 
in %FSR. 

Resolution 
Resolution of a DAC is the number of bits at 
its input. The number of discrete output steps 
is 2N where N is the resolution of the convert
er. 

Settling Time 
The time required, following a prescribed 
change in the digital inputs, for the output of 
the DAC to reach and remain within a speci
fied fraction (typically ± h lSB) of its final 
value. This parameter is usually specified for 
a full-scale change. 

Temperature Coefficients 
In general, Temperature Coefficients are ex
pressed either in ppm/·C or in lSBsl"C or as 
a change in the specified parameter over the 
temperature range. Measurements are usual
ly made at room temperature and at the 
temperature extremes of the specified tem
perature range; the Temperature Coefficient 
is defined as the change in the parameter 
from its room temperature value divided by 
the corresponding temperature change. 
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Reference Amplifier Setup 
The DAC08 Series are multiplying D-to-A 
converters in which the output current is the 
product of a digital number and the input 
reference current. The reference current may 
be fixed or may vary from neariy zero to 
+ 4.OmA. The full-scale output current is a 
linear function of the reference current and is 
given by this equalizstion where IREF = 114' 

In positive reference applications shown in 
Figure 1, an external positive reference volt
age forces current through R14 into the VREF 
( + ) terminal (Pin 14) of the reference amplifi
er. Alternatively, a negative reference may be 
applied to VREF (-) at Pin 15, shown in Figure 
2. Reference current flows from ground 
through R14 into VREF(+) as in the positive 
reference case. This negative reference con
nection has the advantage of a very high 
impedance presented at Pin 15. The voltage 
at Pin 14 is equal to and tracks the voltage at 
Pin 15 due to the high gain of the internal 
reference amplifier. R15 (nominally equal to 
R14) is used to cancel bias current errors. 
R15 may be eliminated with only a minor 
increase in error. 

Bipolar references may be accommodated by 
offsetting VREF or Pin 15 as shown in Figure 
3. The negative common-mode range of the 
reference amplifier is given by the following 
equation: 

VCM- = V- + (IREF ' 1 kil) + 2.5V 

When a DC reference is used, a reference 
bypass capacitor is recommended. A 5.0V 
TTL logic supply is not recommended as a 
reference. If a regulated power supply is used 
as a reference, R14 should be split into 2 
resistors with the junction bypassed to ground 
with a 0.1 j./F capacitor. 

, '. 
For most applications, a + 10.0V reference is 
recommended for optimum full-scale temper
ature coefficient performance. This will mini
mize the contributions of reference amplifier 
Vos and TCVes· For most applications, the 
tight relationship between IREF and IFS will 
eliminate the need for trimming IREF. If re
quired, full-scale trimming may be accom
plished by adjusting the value of R 14, or by 
using a potentiometer for R14. An improved 
method of full-scale trimming which elimi
nates potentiometer TC effects is shown in 
Figure 4. 
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AN101 
Applying the DACOa 
Application Note 

Using lower values of reference current re
duces negative power supply current and 
increases reference amplifier negative com
mon-mode range. The recommended range 
for operation with a DC reference current is 
+ 0.2mA to + 4.0mA. 

The reference amplifier must be compensat
ed by using a capacitor from Pin 16 to V-. For 
fixed reference operation, a 0.01 j./F capacitor 
is recommended. For variable reference ap
plications, see section entitled "Reference 
Amplifier Compensation for Multiplying Appli
cations". 

Multiplying Operation 
The DAC08 Series provides excellent multi
plying performance with an extremely linear 
relationship between IFS and IREF over a 
range of 4mA to 4j.IA. MonotoniC operation is 
maintained over a typical range of IREF from 
100j.IA to 4.0mA. 

Reference Amplifier 
Compensation for Multiplying 
Applications 
AC reference applications will require the 
reference amplifier to be compensated using 
a capaCitor from Pin 16 to V-. The value of 
this capacitor depends on the impedance 
presented to Pin 14. For R14 values of 1.0, 
2.5 and 5.0kil, minimum values of Co are 15, 
37 and 75pF. Larger values of R14 require 
proportionately increased values of Co for 
proper phase margin. 

MSB 

IREF 

VREF 
RREF 
(R14j 

"IS -::-

'PF~ v-

NOTES: 

IFSs=tII+ VREF X 255 10 + 10 "" IFS for all logic states 
RREF 256 

For fixed reference. TTL operation typical values are: 
VREF" + 10.000V, RREF "'" 5,Ooon. R15I11:1RREF. 
Cc-O.01"F. VLC-OV(ground) 

For fastest multiplying response, low values 
of R14 enabling small Cc values should be 
used. If Pin 14 is driven by a high impedance 
such as a transistor current source, none of 
the preceding values will suffice and the 
amplifier must be heavily compensated, 
which will decrease overall bandwidth and 
slew rate. For R14 = 1kn and CC = 15pF, 
the reference amplifier slews at 4mAl j.IS 

enabling a transition from IREF = 0 to 
IREF = 2mA in 500ns. 

Operation with pulse inputs to the reference 
amplifier may be accommodated by an alter
nate compensation scheme shown in Figure 
5. This technique provides lowest full-scale 
transition times. Full-scale transition (0 to 
2mA) occurs in 120ns when the equivalent 
impedance at Pin 14 is 200n and Cc = O. 
This yields a reference slew rate of 16mAl j.IS, 

which is relatively independent of RIN and VIN 
values. 

Logic Inputs 
The DAC08 design incorporates a logic input 
circuit which enables direct interface to all 
popular logic families and provides maximum 
noise immunity. This feature is made possible 
by the large input swing capability, 2j.IA logic 
input current and completely adjustable logic 
threshold voltage. For V - - -15V, the logic 
inputs may swing between -11V and +18V. 
This enables direct interface with + 15V 
CMOS logic, even when the DAC08 is pow-

LSB 

Figure 1. Basic Positive Reference Operation 
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ered from a + SV supply. Minimum input logic 
swing is given by the following equation: 

V- + (lREF '1 kn) + 2.SV 

-VAEF 255 
IFS---X-

RREF 256 

TC",,,, 

AREF sets IFS. R15 Is for bias current cancellation. 

Figure 2. Basic Negative Reference 
Operation 

RAEF 
liN 

VIN...£:t,- <>-'..;#et.l~7:"--"""'"\ 

'REF ;;0.. Peak Negative SwIng of liN 

VR~EFI4 ) 
RREf DAC08 

V IN --00-_ A15l0PTlONALI'-'_' ___ ...I 
HIGH INPUT 
IMPEDANCE 

+ VAEF must be above Peak Positive Swing of Y,N 

Figure 3. Accomodating Bipolar 
References " 

LOWT.C. 
4.5kD 

2m' 
IV-

I 
APPROX. 

rm 

" 
I. 

Figure 4. Recommended Full-scale 
Adjustment Circuit 

The logic threshold may be adjusted over a 
wide range by placing an appropriate voltage 
at the logic threshold control in (Pin 1, VLcl. 
Figure 6 shows the relationship between VLC 
and VTH over the temperature range, with VTH 
nominally 1.4 above VLC. For TIL and DTl 
interface, simply ground Pin 1. When interfac
ing ECl, an IREF = 1 mA is recommended. For 
interfacing other logic families, see Figure 7. 
For general setup of the logic control circuit, H 
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should be noted that Pin 1 may source up to 
2OO/-IA. External circuitry should be designed 
to accommodate this current 

Fastest settling times are obtained when Pin 
1 sees a low impedance. If Pin 1 is connectad 
to a 1 kn divider, for example, it should be 
bypassed to ground by a O.OljlF capacitor. 

Analog Output Currents 
Both true and complemented output sink 
currents are provided, where 10+ 10 - IFS. 
Current appears at the true output when a 1 is 
applied to each logic input. As the binary 
count increases, the sink current at Pin 4 
increases proportionally, in the fashion of a 
positive logic D-to-A converter. When a 0 is 
applied to any input bit, that current is turned 
off at Pin 4 and turned on at Pin 2. A 
decreasing logic count increases 10 as In a 
negative or inverted logic D-to-A converter. 
Both outputs may be used simultaneously. If 
one of the outputs is not required it must still 
be connected to ground or to a point capable 
of sourcing IFS. Do not leave an unused 
output pin open. 

Both outputs have an extremely wide voltage 
compliance enabling fast direct current-te
voltage conversion through a resistor tied to 
ground or other voltage source. Positive com
pliance is 36V above V - and is independent 
of the positive supply. Negative compliance is 
given by the equation: 

V- + (IREF • 1 kn) + 3.0V 

Note that lower values of IREF will allow a 
greater output compliance. 

The dual outputs enable double the usual 
peak-te-peak load swing when driving loads 
in quasi-differential fashion. This feature is 
especially useful in cable driving, CRT deflec
tion and in other balanced applications such 
as balanced-bridge AID circuits, as well as 
driving center-tapped coils and transformers. 

Power Supplies 
The DAC08 operates over a wide range of 
power supply voltages from a total supply of 
9V to 36V. When operating at supplies of 
± SV or less, IREF';;; 1 mA is recommended. 

.. v REF 

y ;. r OPTIONAL RESISTOR 
•• \..FOR OFFSET INPUTS 

R'N ,"RREF 

ov..n.; ...... M+.:=::-II4 41~""''''''M.., 

Figure 5. Pulsed Reference Operation 
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low reference current operation decreases 
power consumption and increases negative 
compliance, reference amplifier negative 
common·mode range, negative logic input 
range, and negative logic threshold range. 
Consult the various figures for guidance. For 
example, operation at -4.SV with IREF - 2mA 
is not recommended because negative output 
compliance would be reduced to near zero. 
Operation from lower supplies is possible; 
however, at least 8V total must be applied 
between Pins 2 and 4, and Pin 3 to insure 
turn-on of the internal bias network. 

Symmetrical supplies are not required, as the 
DAC08 is quite insensitive to variations in 
supply Voltage. Battery operation is feasible 
as no ground connection is reqllired; howev
er, an artificial ground may be useful to insure 
logic swings, etc., remain between accept
able limits. 

Power consumption may be calculated by this 
equation: 

Po - (I+)(V+) + (I+)(V-) + (IREF)(V-) 

A useful feature of the DAC08 design is that 
supply current is constant and independent of 
input logic states. This is useful in crypto
graphic applications and further serves to 
reduce the size of the power supply bypass 
capacitors. 

Temperature Performance 
The linearity and monotonicity specifications 
of the DAC08 are guaranteed to apply over 
the entire rated operating temperature range. 
Full-scale output current drift is low, typically 
± 10ppmfOC with zero-scale output current 
and drift essentially negligible compared to 1t2 
lSB. 

2.0 

I. 

I. 
• 
• • ~ 1. 

g 1. 

~ 1, 

j!: o. 
> 

• 
0 

• 
o. • 
0" 

o. 
• 
2 

0 

.... .... 
..... 

-10 "60 .100 .,so 
TEMPERATURE t"C, 

Figure 6. VTH - VLC vs Temperature 

Full-scale output drift performance will be 
best with + 10.0V references, as Vos and 
TCVos of the reference amplifier will be very 
small compared to 10.0V. The temperature 
coefficient of the reference resistor R14 
should match and track that of the output 
resistor for minimum overall full-scale drift. 
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Settling times of the DAC08 decrease ap
proximately 10% at -55·C, and an increase 
of about 15% at + 125·C is typical. 

Settling Time 
The DAC08 is capable of extremely fast 
settling times (typically 70ns at 
IREF = 2.0mA). 

Judicious circuit design and careful board 
layout must be employed to obtain full perfor
mance potential during testing and applica
tion. The logic switch design enables propa
gation delays of only 35ns for each of the 8 
bits. Settling time to within 1t2 LSB is therefore 
35ns, with each progressively larger bit taking 
successively longer. The MSB settles in 70ns, 
thus determining the overall settling time of 
70ns. Settling to 6-bit accuracy requires about 
55 to 60ns. The output capacitance, including 
the package, is approximately 15pF. There
fore, the output RC time constant dominates 
settling time ~ RL > 5000. 

NOTE: 
00 not exceed negative logic Input range of DAe 

Settling time and propagation delay are rela
tively insensitive to logic input amplitude and 
rise and fall times due to the high gain of the 
logic switches. Settling time alse remains 
essentially constant for IREF values down to 
1.0mA, with gradual increases for lower IREF 
values. The principal advantage of higher 
IREF values lies in the ability to attain a given 
output level with lower load reSistors, thus 
redUCing the output RC time constant. 

Measurement of settling time requires the 
ability to accurately resolve ± 4/lA. Therefore, 
a 1 kO load is needed to provide adequate 
drive for most oscilloscopes. The settling time 
fixture of Figure 8 uses a cascade design to 
permit driving a 1 kO load with less than 5pF 
of parasite capacitance at the measurement 
node. At IREF values of less than 1.0mA, 
excessive RC damping of the output is diffi
cult to prevent while maintaining adequate 
sensitiVity. However, the major carry from 

PMOS 
VTH=OV 

Application Note 

AN101 

01111111 to 10000000 provides an accurate 
indicator of settling time. This code change 
does not require the normal 6.2 time con
stants to settle to within ± 0.2% of the final 
value; thus, settling time may be observed at 
lower values of IREF. 

The DAC08 switching transients or glitches 
are very low and may be further reduced by 
small capacitive loads at the output at a minor 
sacrifice in settling time. 

Fastest operation can be obtained by using 
short leads, minimizing output capacitance 
and load resistor values, and by adequate 
bypassing at the supply, reference and V LC 
terminals. Supplies do not require large elec
trolytic bypass capacitors as the supply cur
rent drain is dependent of input logic states. 
O.lj.lF capacitors at the supply pins provide 
full transient performance. 

1-IN4148 

VLC 

10kSl 

-5VTO -lOV 

Figure 7. Interfacing With Various Logic Families 
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TYPICAL APPLICATIONS 

Full-scale 
Full-scale - LSB 

Half-scale + LSB 
Half-scale 
Half-scale - LSB 

Zero-scale + LSB 
Zero-scale 

February 1987 

1 
o 
o 
o 

o 
o 
1 

o 
o 

B3 

o 
o 
1 

o 
o 

YL 
FOR TURN-ON. V L : 2.7V 
FOR TURN-OFF. VL: O.7V 

·16V 
TOD.U.T, 

"pF 

Figure 8. Settling Time Measurement 
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1.992 0.000 
1.984 0.008 

1.008 
1.000 
0.992 

0.008 
0.000 

0.984 
0.992 
1.000 

1.984 
1.992 

Figure 9. Basic Unipolar Negative Operation 
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-4.960 
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EO 
0.000 

-0.040 

-4.920 
-4.960 
-5.000 

-9.920 
-9.980 
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TYPICAL APPLICATIONS (Continued) 

+10.0000 

10kO 10kO 

1"'(-1 ~L-a2.~ 
DAC08 

- 2 E" 
I. / 

Bl B2 B3 B4 B5 B8 B7 B8 Eo Eo 

Pos full-scale 1 1 1 1 1 1 1 -9.920 +10.000 
Pos full-scale - LSB 1 1 1 1 1 1 a -9.840 +9.920 

Zero-scale + LSB 1 a a a a a a 1 -0.080 +0.160 
Zero-scale 1 a a a a a a a 0.000 +0.080 
Zero-scale - LSB a 1 1 1 1 1 1 +0.080 0.000 

Neg full-scale + LSB a a a a a a a 1 +9.920 -9.840 
Neg full-scale a a a a a a a a +10.000 -9.920 

Figure 10. Basic Bipolar Output Operation 

I.DkD I 
S.OIdl 

y- . ~4l 7~~ • +10._ 
DACal 

~ S.DkD 

i; 2 

5.0k0 

"*" TC""'" 
Bl B2 B3 B4 Bs B6 B7 B8 Eo 

Pos full-scale 1 1 1 1 1 1 1 1 +9.920 
Pos full-scale - LSB 1 1 1 1 1 1 1 a +9.840 

(+) Zero-scale 1 a a a a a a a +0.040 
(-) Zero-scale a 1 1 1 1 1 1 1 -0.040 

Neg full-scale + LSB a a a a 0 0 a 1 -9.840 
Neg full-scale a a 0 a a a a a -9.920 

Figure 11. Symmetrical Offset Binary Operation 
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"-----:>I:l~ 
010 .... "" ~ .... : .... 

NOTE: 
For complementary output (operation as negative logic DACl. connect lnvart1ng Input of op amp to 10 (PIn 2): oonnect Iii (Pin 4) to ground. 

Figure 12. Positive Low Impedance OUtput OperatIon 

""' .... 
NOTE: 
For complementary output (operation .. • nagative logic DACl. oonnect nor>lnvar1Ing Input of op amp to 10 (PIn 2): oonnoct Iii (PIn 4) to ground. 

February 1987 

Figure 13. Negative Low Impedance OUtput OperaUon 

START 
8CNOnKY 

TTL 
LOGIC 

-
Figura 14. Low Coat 8-BIt 1,... A·to-D Converter 
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NOTE: 
Connect "start" to "convers\on complete" for continuous conversions. 

Figure 15. 3 IC Low Coat A-to-D -Converter 

·,ov 
~ov 

-lQV 

INPUT 

BIpolar Input offaet } 
binary output 

NOTES; 
t.R1-R2-R3 
2.R4-R5 
3. Eo DC '" 20kHz - ± 5V 
4. Eo DC '" 10kHz - ± tOV 

Performs 2 quadrant 
mUi1ipllcations - AC Input 
controls output polarity. 

Figure 17. DC-Coupled Digital Attenuatorl 
Programmable Gain Amplifier 
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·9.9V FO ... 
(1001 1001) CODE 

NOTE: 
Output is directly proportional to positive power supply. 

Figure 16. Low Cost 2-Dlglt BCD DAC 

I 
OUTPUT SWITCH CONDITIONS 

TYPE (Eo) S(+) S(-) 

Unipolar positive + GND 
Unipolar negative GND -
Bipolar + -

CLOCK INPUT 

NOTES: 
1. Bipolar output is symmetrical around zero, adjustable peak-to-peak amplitude. 
2. For biangle wave, count up to full. reverse and count down. 
3. For positive-going sawtooth, count up to full, clear, repeat. 
4. For negative-going sawtooth, count down. clear, repeat 
5. For other waveforms, use a ROM programmed with the desired function. 

Figure 18. High-Speed Waveform Generator 
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Figure 1 shows a DC-coupled Digital Attenua
tor or Programmable Gain Amplifier. 

Pin 14 of the DAC is a Virtual Ground. Current 
must always flow into Pin 14, so the current 
through R4 must be greater than that through 
Rl when the input signal is at Hs most 
negative usable value. If the input signal 
value goes low enough to cause the current 
through R 1 to be greater than that through 
R4, output clipping will occur. 

To extend the operating frequency range, the 
compensation cap, Ce, needs to be mini
mized, which implies that the resistance at 
Pin 14 (Rl and R4) must be minimized. If the 
voltage to which R4 and RS are returned has 
any noise on it at all, R4 and RS should be 
formed of two series resistors with the junc
tion of them bypassed with O.lIlF to ground. 
Pin lS could be grounded with a small saeri
lice in accuracy and temperature drift. RS and 
R7 compensate for reference amplifier input 
offset. 

R 1 and R4 should be chosen such that, when 
the input is at peak usable signal, the total 
current into Pin 14 does not exceed 4mA. 
When the input is most negative, Rl current 
must be less than R4 current (remember, Pin 
14 is always at OV). Also, when the input is at 
its absolute positive peak value, current into 
Pin 14 should not exceed SmA. Minimum 
compensation capacitor, (Ce), in pF is lS 
times the parallel combination of Rl and R4 
in kn. 

~10V 

-""c:r- ov 
-10V 

INPUT 

Application Note 

With a single DAC, there is a DC offset at the 
circuit output that varies wHh the digital word 
input. To eliminate this, we use a second DAC 
to subtract this offset at the sum node of the 
op amp. 

Example 1: Input signal is to be 20Vp_p, cen
tered at OV. Maximum input fre
quency is to be lSkHz. Power 
supplies available are ± lSV, both 
regulated. Determine values of all 
resistors for maximum gain of 
unity. 

Solution 1: At minimum input (-10V), refer
ence current, IREF is 

lSV (-10V) 
IREF = R4 + Fi1 
If minimum IREF - 0, then 

lSV 10V 

R4 Rl 

and R4 = (l.S){Rl) 

Therefore, 60% of IREF comes 
through R4. If we let IREF go to 
about 3.9mA (4mA is max. recom
mended), R4 current is found to 
be IR4 ~ (O.S) (3.9mA) - 2.34mA 
and R4 = S.4k. 

The balal)ce of the reference cur" 
rent IRl is found to be 

Figure 1 
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IRl - 3.9mA - IR4 
or 
IRl - 3.9mA - 234mA - 1.S6mA 
and 
Rl -S.4k 

Using commonly available values, 
and remembering that R4 current 
must exceed Rl current, we set 

Rl = S.8k 
and R4 - S.2k. 

Maximum reference current is now 

lSV 10V 
IREF{max) ~ - + - = 3.9mA. 

S.2k S.8k 

:rhe parallel combination of Rl 
and R4 is found to be 3.24k, so 
minimum compensation capacHor 
value is 

Cc{min) - {3.24){lS)pF - 48.6pF. 

If we use SOpF, from the graph we 
find fMAXto be 370kHz. For unHy 
gain, 

R2 - Rl - 6.8k 
R3 - R2 ~ 6.8k 
RS=Rl =6.8k 

R6 _ R7 _ (Rl){R4) = 3.24k 
Rl +R4 

(use 3.3k) 

Example 2: Usable input Signal is l2Vp.p, 
centered at OV, with occasional 
excursion to twice this amplitude, 
which we do not care about. Maxi
mum input frequency is to be 

10,000 __ 

i I J 
100 

10 
1 10 100 ,000 

Cc (pF) 

FIgure 2 
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500kHz. Available power supplies 
are + SV logic supply, + 1SV, 
-1SV, all regulated. Determine 
values of all'resistors and Cc for 
maximum gain of 2. 

Solution 2: To extend the frequency re
sponse, we want minimum com
pensation capacitor value; there
fore, we need minimum R1 and 
R4 values, so we want to return 
R4 to as Iowa regulated supply 
as is possible; we will use the SV 
logic supply. 

At minimum usable input, 

SV SV 
IREF = R4 - R1 

or, for 
SV SV 

IREF = 0, R4 = R1 

therefore, SS% of IREF comes 
ihrough R4, and 

R4 = (S/S)R1. 

Because peak input goes to 
+ 12V, this condition should not 
cause IREF to exceed SmA, and 

February 1987 

12V SV 
-+-=SmA 
R1 R4 

Recall that R4 = (S/S)R1 

12V S 
-+---=SmA 
R1 (S/S)(R1) 

12V SV 
-+-=SmA 
R1 R1 

R1 = 3.Sk 
and R4 = (S/S)R1 = 3.0k. 

Because the reference source will 
be the SV logic supply, which will 
be noisy, we will split R4 into two 
resistors and bypass their junction 
with 0.1 j.lF to ground. Further
more, to be sure that R4 current 
exceeds R 1 current, we will in
crease R1 to 4.3k. The absolute 
maximum reference current Is 
now 

12V SV 
IREF(max) = 4.3k + 3k = 4.4SmA. 

The parallel combination of R1 
and R4 is 1.77k, so minimum 
compensation capacitor is 
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Cc(min) = (15)(1.77) = 26.5pF. 

If we use 27pF, the graph tells us 
the maximum frequency is about 
470kHz, which is S% lower than 
desired. If we wanted to further 
extend this frequency range, we 
find that we can reduce R4 to two 
resistors of 1.1 k and 1.2k, bring
ing the absolute maximum refer
ence current to 

12V SV 
IREF(max) = - + - = 4.9SmA 

4.3k 2.3k 
and the maximum usable refer
ence current becomes 

SV SV 
IREF = -- + -- = 3.S7mA, 

4.3k 2.3k 

below the SmA and 4mA respec
tive desired maximum values. 
Now the resistance at Pin 14 is 
the parallel combination of R1 
and R4, or 1.Sk, and the minimum 
compensation capacitor becomes 

Cc(min) - (1S)(I.S)pF = 22pF. 

The graph tells us we can just go 
to SOOkHz. • 
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DESCRIPTION 
The AM6012 12-bit multiplying Digital-to
Analog converter provides high-speed 
and 0.025% differential nonlinearity over 
its full commercial temperature range. 

The Df A converter uses a 3-bit segment 
generator for the MSBs in conjunction 
with a 9-bit R-2R diffused resistor ladder 
to provide 12-bit resolution without cost
ly trimming processes. This technique 
guarantees a very uniform step size (up 
to ± 1'2 LSB from the ideal), monotonicity 
to 12 bits and integral nonlinearity to 
0.05% at its differential current outputs. 

The dual complementary outputs of the 
AM6012 increase its versatility, and ef
fectively double the peak-to-peak output 
swing. Digital inputs, in addition, can be 
configured to accept all popular logic 
families. 

While the device requires a reference 
input of 1 mA for a 4mA full-scale cur
rent, operation is nearly independent of 
power supply voltage shifts. The power 
supply rejection ratio is ± 0.001 % FSf% 
tN. The devices will work from +5, 
-12V to ± 18V rails, with as low as 
230mW power consumption typical. 

ORDERING INFORMATION 

AM6012 
12-Bit Multiplying Dj A 
Converter 
Product Specification 

FEATURES 
• 12-bit resolution 
• Accurate to wlthln± 0.05% 
• Monotonic over temperature 
• Fa!!t settling time, 250ns typical 
• Trlmless design for low cost 
• Differential current outputs 
• High-speed multiplying capability 
• Full-scale current, 4mA (with 1 mA 

reference) 

• High output compliance voltage, 
-5 to +10V 

• Low power consumption, 230mW 

APPLICATIONS 
• CRT displays, computer graphics 
• Robotics and machine tools 
• Automatic test equipment 
• Programmable power supplies 

• CAD/CAM systems 
• Data acquisition and control 

systems 
• Analog-to-digital converter 

systems 

PIN CONFIGURATION 

F Package 

TOP VIEW 
CDl3030S 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

20-Pin Cerdip o to + 70·e AM6012F 

November 6, 1986 5-1 00 853-0904 86380 
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12-Bit Multiplying D / A Converter AM6012 

BLOCK DIAGRAM 

GND/MSB LSB 
V(+) VLC B, 82 83 14 15 .6 87 .8 .1 810 811 812 

V ... (+) 0--"'+'--+--..., 

" 17 

COMP V(-) 

.""",.. 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

TA Operating temperatura 
AM6012F o to +70 'C I 

TSTG Storage temperature range -65'C to + 150 'C 

TSOLD Lead soldering temperatura IOsee max 300 'C 

Vs Power supply voltage t16 V 

Logic inputs -5V to +16 Y 

Voltage across current outputa -6V to +12 V 

VREF Reference inputa V14, V15 V- to V+ 

VREF Reference input differential voltage (V14 to V1S) t16 V 

IREF Reference Input current (114) 1.25 rnA 

Po Maximum power dissipation, T A - 25'C, (still-air) 1 

F package 1560 mW 

NOTE: 
1. Derate abOve 2S'C, at the following rate: 

F package at 12.SmWrC. 

November 6, 1988 5-101 



Signetlcs Linear Products product. Specification 

12·Bit Multiplying D / A Converter AM6012 

DC ELECTRICAL CHARACTERISTICS v+ -+15V, V-=-15V, IREF=1.0mA, O·C';;TA';;WC 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Resolution 12 Bits 

Monotonicity 12 Bits 

±0.025 %FS 
DNL Differential nonlinearity Deviation from ideal step size 

12 Bits 

NL Nonlinearity Deviation from ideal straight line ±.05 %FS 

VREF = 10.000V 
IFS Full-scale current R14-R15-10.000kn 3.935 3.999 4.063 mA 

TA = 25·C 

±10 ±40 ppm/·C 
TCIFS Full-scale tempco 

±0.001 ±0.004 %FS/·C 

DNL Specification guaranteed over compliance 
Voe Output voltage compliance range -5 +10 V 

ROUT> 10Mn typo 

IFSS Symmetry IFS-II'S ±0.4 ±2.0 IlA 
Izs Zero-scale current 0.10 IlA 

VIL 
Logic I Logic "0" 0.8 

VIH 
input 

I 
V 

levals Logic "1" 2.0 

liN Logic input current VIN=-5 to +18V 40 IlA 
VIS Logic input swing V- --15V -5 +18 V 

IREF Reference current range 0.2 1.0 1.1 mA 

115 Reference bias current 0 -0.5 -2.0 IlA 

dl/dt Reference input slew rate R14(eq) = 800n 4.0 8.0 mA/lJS 
Cc=OpF 

PSSIFS+ V+ = + 13.5V to +16.5V, V---15V ±Q.OOO5 ±0.001 
Power supply sensitivity %FS/% 

PSSIFS- V- --13.5V to -16.5V, V+ - +15V ±O.OOO25 ±0.001 

V+ 4.5 18 
Power supply range VOUT-OV V 

V- -18 -10.8 

1+ 5.7 8.5 
V+ = +5V, V- =-15V 

1- -13.7 -18.0 
Power supply current mA 

1+ 5.7 8.5 
V+=+15V, V-=-15V 

1- -13.7 -18.0 

V+ =+5V, V-=-15V 234 312 
Po Power dissipation mW 

V+ -+15V, V-=-15V 291 397 

AC ELECTRICAL CHARACTERISTICS V + - + 15V, V- = -15V, IREF - 1.0mA, O·C';; T A';; 70·C 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

ts Settling time To ± ~ LSB, all bits ON or OFF, TA = 25·C 250 500 ns 

tpLH Propagation 
50% to 50% 25 50 ns 

tpHL delay - all bits 

GoUT Output capacitance 20 pF 
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CIRCUIT DESCRIPTION 
The AM6012 is a 12-bit DAC which uses 
diffused resistors and requires no trimming to 
guarantee monotonicity over the temperature 
range. A segmented DAC design guarantees 
a more uniform step size over the tempera
ture range than is normally available with 
trimmed 12-bit converters. The converter fea
tures differential high compliance current out
puts, wide supply range, and a multiplying 
reference input. 

In many converter applications, uniform step 
size is more important than conformance to 
an ideal straight line. Many 12-bit converters 
are used for high resolution rather than high 
linearity, since few transducers are more 
linear than ± 0.1 %. All classic binarily weight
ed converters require ± Y2 LSB (± 0.012%) 
linearity in order to guarantee monotonicity, 
which requires very tight resistor matching 
and tracking. The AM6012 uses conventional 
bipolar processing to achieve high differential 
linearity and monotonicity without requiring 
correspondingly high linearity, or confor
mance to an ideal straight line. 

One design approach which provides mono
tonicity without requiring high linearity is the 
MOS switch-resistor string. This circuit is 
actually a full complement to a current
switched R-2R DAC since it is slower, has a 
voltage output, and, if implemented at the 12-
bit level, would use 4096 low tolerance resis
tors rather than a minimum number of high 
tolerance resistors as in the R-2R network. Its 
lack of speed and density for 12 bits are its 
drawbacks. 

With the segmented DAC approach, the 4096 
required output levels are composed of B 
groups of 512 steps each. Each step group is 
generated by a 9-bit DAC, and each of the 
segment slopes is determined by one of 8 
equal current sources. The resistors which 
determine monotonicity are in the 9-bit DAC. 
The major carry of the 9-bit DAC is repeated 
in each of the 8 segments, and requires eight 
times lower initial resistor accuracy and track
ing to maintain a given differential nonlinearity 
over temperature. 

The operation of the segmented DAC may be 
visualized by assuming an input code of all 
zeroes. The first segment current 10 is divided 
into 512 levels by the 9-bit multiplying DAC 
and fed to the output, lOUT. As the input code 
increases, a new segment current is selected 
for each 512 counts. The previous segment is 
fed to output lOUT where the new step group 
is added to it, thus ensuring monotonicity 
independent of segment resistor values. All 
higher order segments feed lOUT. 

November 6, 1986 

With the segmented DAC approach, the pre
cision of the 8 main resistors determines 
linearity only. The influence of each of these 
resistors on linearity is four times lower than 
that of the MSB resistor in an R-2R DAC. 
Hence, assuming the same resistor toler
ances for both, the linearity of the segmented 
approach would actually be higher than that 
of an R-2R design. 

The step generator or 9-bit DAC is composed 
of a master and a slave ladder. The slave 
ladder generates the four least significant bits 
from the remainder of the master ladder by 
active current splitting utilizing scaled emit
ters. This saves ladder resistors and greatly 
reduces the range of emitter scaling required 
in the 9-bit DAC. All current switches in the 
step generator are high-speed fully-differen
tial switches which are capable of switching 
low currents at high speed. This allows the 
use of a binary scaled network all the way to 
the least significant bit which saves power 
and simplifies the circuitry. 

Diffused resistors have advantages over thin 
film resistors beyond simple economy and 
bipolar process compatibility. The resistors 
are fabricated in single crystal rather than 
amorphous material which gives them better 
long term stability and tracking and much 
higher moisture resistance. They are diffused 
at 1 OOO·C and so are resistant to changes in 
value due to thermal and chemical causes. 
Also, no burn-in is required for stability. The 
contact resistance between aluminum and 
silicon is more predictable than between 
aluminum and an amorphous thin film, and no 
sandwich metals are required to enhance or 
protect the contact or limit alloying. The initial 
match between two diffused resistors is simi
lar to that of thin film since both are defined 
by photomasks and chemical etching. Since 
the resistors are not trimmed or altered after 
fabrication, their tracking and long-term char
acteristics are not degraded. 

DIFFERENTIAL VS INTEGRAL 
NONLINEARITY 
Integral nonlinearity, for the purposes of the 
discussion, refers to the "straightness" of the 
line drawn through the individual response 
points of a data converter. Differential nonlin
earity, on the other hand, refers to the devia
tion of the spacing of the adjacent points from 
a 1 LSB ideal spacing. Both may be ex
pressed as either a percentage of full-scale 
output or as fractional LSBs or both. The 
graphs in Figure 1 define the manner in which 
these parameters are specified. The left 
graph shows a portion of the transfer curve of 
a DAC with h LSB INL and the (implied) DNL 
spec of 1 LSB. Below this is a graphic 
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representation of the way this would appear 
on a CRT screen where the AM6012 is used 
as a display driver. On the right is a portion of 
the transfer curve of a DAC specified for 2 
LSB INL with Y2 LSB DNL specified and the 
graphic display below it. 

One of the characteristics of an R-2R DAC in 
standard form is that any transition which 
causes a zero LSB change (i.e., the same 
output for two different codes) will exhibit the 
same output each time that transition occurs. 
The same holds true for transitions causing a 
2 LSB change. These two problem transitions 
are allowable for the standard definition of 
monotonicity and also allow the device to be 
specified very tightly for INL. The major prob
lem arising from this error type is in AID 
converter implementations. Inputs producing 
the same output are now represented by 
ambiguous output codes for an identical in
put. Also, two LSB gaps can cause large 
errors at those input levels (assuming h LSB 
quantizing levels). It can be seen from the two 
figures that the DNL-specified DI A converter 
will yield much finer grained data than the 
INL-specified part, thus improving the ability 
of the AI D to resolve changes in the analog 
input. 

ANALOG OUTPUT CURRENTS 
Both true and complemented output sink 
currents are provided where 10 + iO = IFR' 
Current appears at the "true" output when a 
"I" is applied to each logic input. As the 
binary count increases, the sink current at Pin 
18 increases proportionally, in the fashion of 
a "positive logic" D/A converter. When a "0" 
is applied to any input bit, that current is 
turned off at Pin 18 and turned on at Pin 19. A 
decreasing logic count increases iO as in a 
negative or inverted logic DI A converter. 
Both outputs may be used simultaneously. If 
one of the outputs is not required, it must still 
be connected to ground or to a point capable 
of sourcing IFR; do not leave an unused 
output pin open. 

Both outputs have an extremely wide voltage 
compliance enabling fast direct current-to
voltage conversion through a resistor tied to 
ground or other voltage source. Positive com
pliance is 25V above V- and is independent 
of the positive supply. Negative compliance is 
+10V above V-. 

The dual outputs enable double the usual 
peak-to-peak load swing when driving loads 
in quasi-differential fashion. This feature is 
especially useful in cable driving, CRT deflec
tion and in other balanced applications such 
as driving center-tapped coils and transform
ers. 

• 
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DIFFERENTIAL LINEARITY COMPARISON 

01 A Converter With D/A Converter With 
± h LSB INL, ± 1 LSB DNL ± 2 LSB INL, ± h LSB DNL 

t .. 
" o 

~ 

t 
... 
" o 

~ z c 

0000 0010 0100 0110 1000 1010 1100 1110 
0001 0011 0101 0111 1001 1011 1101 1111 

DIGITAL INPUT 

0010 0100 0110 1000 1010 1100 1110 0000 
0011 0101 0111 1001 1011 1101 1111 0001 

DIGITAL INPUTS 

Video Deflection by DACs Video Deflection by DACs 

ENLARGED "POSITIONAL" OUTPUTS 
ENLARGED "POSITIONAL" OUTPUTS 

POWER SUPPLIES 
The AM6012 operates over a wide range of 
power supply voltages from a total supply of 
20V to 36V. When operating with V- supplies 
of -10V or less, IREF';;; 1 rnA is recom
mended. Low reference current operation 
decreases power consumption and increases 
negative compliance, reference amplifier neg
ative common-mode range, negative logic 
input range, and negative logic threshold 
range; consult the various figures for guid
ance. For example, operation at -9V with 
IREF = lmA is not recommended because 
negative output compliance would be re
duced 'to near zero. Operation from lower 
supplies is possible, however at least 8V total 
must be applied to insure turn-on of the 
internal bias network. 

Symmetrical supplies are not required, as the 
AM6012 is quite insensitive to variations in 

November 6, 1986 

Figure 1 

supply voltage. Battery operation is feasible 
as no ground connection is required; howev
er, an artificial ground may be used to insure 
logic swings, etc., remain between accept
able limits. 

TEMPERATURE PERFORMANCE 
The nonlinearity and monotonicity specifica
tions of the AM6012 are guaranteed to apply 
over the entire rated operating temperature 
range. Full-scale output current drift is tight, 
typically ± 10ppml"C, with zero-scale output 
current and drift essentially negligible com
pared to 1,12 LSB. 

The temperature coefficient of the reference 
resistor R14 should match and track that of 
the output resistor for minimum overall full
scale drift. 

5-104 

SETTLING TIME 
The AM6012 is capable of extremely fast 
settling times, typically 250ns at 
IREF = 1.0mA. Judicious circuit design and 
careful board layout must be employed to 
obtain full performance potential during test
ing and application. The logic switch deSign 
enables propagation delays of only 25ns for 
each of the 12 bits. Settling time to within 1t2 
LSB of the LSB is therefore 25ns, with each 
progressively larger bit taking successively 
longer. The MSB settles in 250ns, thus deter
mining the overall settling time of 250ns. 
Settling to 1 O-bit accuracy requires about 90 
to 130ns. The output capacitance of the 
AM6012 including the package is approxi
mately 20pF; therefore, the output RC time 
constant dominates settling time if 
RL> 500n. 
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12-Bit Multiplying DjA Converter 

Settling time and propagation delay are rela
tively insensitive to logic input amplitude and 
rise and fall times, due to the high gain of the 
logic switches. Settling time also remains 
essentially constant for IREF values down to 
0.5mA, with gradual increases for lower IREF 
values lies in the ability to attain a given 
output level with lower load resistors, thus 
reducing the output RC time constant. 

Measurement of settling time requires the 
ability to accurately resolve ± 2pA, therefore a 
2.5kn load is needed to provide adequate 
drive for most oscilloscopes. At IREF values of 
less than 0.5mA, excessive RC damping of 
the output is difficult to prevent while main
taining adequate sensitivity. However, the 
major carry from 011111111111 to 
100000000000 provides an accurate indica
tor of settling time. This code change does 
not require the normal 6.2 time constants to 
settle to within ± 0.1 % of the final value, and 
thus settling times may be observed at lower 
values of IREF. 

AM6012 switching transients or "glitches" 
are very low and may be further reduced by 
small capacitive loads at the output at a minor 
sacrifice in settling time. 

Fastest operation can be obtained by using 
short leads, minimizing output capacitance 
and load resistor values, and by adequate 
bypassing at the supply, reference, and VLC 
terminals. Supplies do not require large elec
trolytic bypass capacHors as the supply cur
rent drain is independent of input logic states; 
0.1 pF capaCitors at the supply pins provide 
full transient protection. 

APPLICATIONS INFORMATION 

Reference Amplifier Setup 
The AM6012 is a multiplying 01 A converter in 
which the output current is the product of a 
digital number and the input reference cur
rent. The reference current may be fixed or 
may vary from nearly zero to + 1.0mA. The 
full range output current is a linear function of 
the reference current and is given by: 

4095 
IFR = 4096 X 4 X (IREF) = 3.999 IREF, 

where IREF = 114 
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In positive reference applications, an external 
positive reference voltage forces current 
through R14 into the VREF( +) terminal (Pin 
14) of the reference amplifier. Alternatively, a 
negative reference may be applied to VREF( _) 
at Pin 15. Reference current flows from 
ground through R14 into VREF( +) as in the 
positive reference case. This negative refer
ence connection has the advantage of a very 
high impedance presented at Pin 15. The 
voltage at Pin 14 is equal to and tracks the 
voltage at Pin 15 due to the high gain of the 
internal reference amplifier. R15 (nominally 
equal to R 14) is used to cancel bias current 
errors (Figure 2a). 

Bipolar references may be accommodated by 
offsetting VREF or Pin 15. The negative com
mon-mode range of the reference amplifier is 
given by: VCM_ = V- plus (IREF X 3kn) plus 
1.8V. The positive common-mode range is 
V+ less 1.23V. 

When a DC reference is used, a reference 
bypass capacitor is recommended. A 5.0V 
TTL logiC supply is not recommended as a 
reference. If a regulated power supply is used 
as a reference, R14 should be split into two 
resistors with the junction bypassed to ground 
with a O.II'F capacitor. 

For most applications, the tight relationship 
between IREF and IFS will eliminate the need 
for trimming IREF. If required, full-scale trim
ming may be accomplished by adjusting the 
value of R 14, or by using a potentiometer for 
R14· 

MULTIPLYING OPERATION 
The AM6012 provides excellent multiplying 
performance with an extremely linear relation
ship between IFS and IREF over a range of 
1 rnA to 1 pA. Monotonic oparation is main
tained over a typical range of IREF from 
100pA to 1.0mA. 

REFERENCE AMPLIFIER 
COMPENSATION FOR 
MULTIPLYING APPLICATIONS 
AC reference applications will require the 
reference amplifier to be compensated using 
a capacitor from pin 16 to V-. The value of 
this capacitor depends on the impedance 
presented to Pin 14. For R14 values of 1.0, 
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2.5 and 5.0kn, minimum values of Cc are 5, 
12 and 25pF. larger values of R14 require 
proportionately increased values of Cc for 
proper phase margin (see Figure 2b). 

For fastest response to a pulse, low values of 
R14 enabling small Cc values should be used. 
If Pin 14 is driven by a high impedance such 
as a transistor current source, none of the 
above values will suffice and the amplifier 
must be heavily compensated which will de
crease overall bandwidth and slew rate. For 
R14 = lkn and Cc = 5pF, the reference am
plifier slews at 4mAlms enabling a transition 
from IREF = 0 to IREF = 1 rnA in 250ns. 

Operation with pulse inputs to the reference 
amplifier may be accommodated by an alter
nate compensation scheme. This technique 
provides lowest full-scale transition times. An 
internal clamp allows quick recovery of the 
reference amplifier from a cutoff (IREF = 0) 
condition. Full-scale transition (0 to 1 rnA) 
occurs in 62.5ns when the equivalent imped
ance at Pin 14 is Soon and Cc = O. This 
yields a reference slew rate of SmAIl'S which 
is relatively independent of RIN and VIN val
ues. 

LOGIC INPUTS 
The AM6012 design incorporates a unique 
logic input circuit which enables direct inter
face to all popular logic families and provides 
maximum noise immunity. This feature is 
made possible by the large input swing capa
bility, 40pA logic input current, and complete
ly adjustable logic threshold voltage. For 
V- =-15V, the logic inputs may swing be
tween - 5 and + 1 OV. This enables direct 
interface with + 15V CMOS logic, even when 
the AM6012 is powered from a + 5V supply. 
Minimum input logic swing and minimum logic 
threshold voltage are given by: 

V- plus (IREF X 3kn) plus I.SV. 

The logic threshold may be adjusted over a 
wide range by placing an appropriate voltage 
at the logic threshold control pin (Pin 13, 
VLcl. For TTL interface, simply ground Pin 13. 
When interfacing ECl, an IREF';; 1 rnA is 
recommended. For general setup of the logic 
control circuit, it should be noted that Pin 13 
will sink 1.1 mA typical. External circuitry 
should be designed to accommodate this 
current (Figure 3). 

I 
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VR. 

r Am6012 
R" 

R'N ,. IREF--"" V,N 

L~REN~ '8 AMPLIFIER 

~ 
10 

'5 11~----' 

1 1 
lo+iO=IFS 

R1S= R14 R'N V FOR ALL INPUT CODES 

R" 
iO 

VIN ----0 
,. 

r COMP tR 22,F TANTULUM Tce ,n°, VR_ -=- -=- (NOTE 5) 
v- v+ v-

TC21270S 

REFERENCE CONFIGURATION R'4 R'5 RIN Cc IREF 

Positive reference VR+ OV NfC 0.01"F VR+fR'4 

Negative reference OV VR- NfC 0.01"F -VR_fR'4 

Lo impedance bipolar 
VR+ OV VIN' (VR+ fR14) + (VINfRIN)2 

reference 

Hi impedance bipolar 
VR+ Y,N NlC' (VR+ - VIN)fR'43 

Reference 

Pulsed reference4 VR+ OV VIN No Cap (VR+ fR'4) + (VINfRIN) 

NOTES; 
1. rhe compensation capacitor is a function of the impedance seen at the + VREF input .and must be at least 5pF X R'4(e.) in kn. For R'4 < soon 

no capacitor is necessary. 
2. For negative values of Y,N, VR+/R'4 must be greater than -Y,N maxlR'N so that the amplifier is not turned off. 
3. For positive values of VIN. VR+ must be greater than VIN max so the amplifier is not turned off. 
4. For pulsed operation, VR+ provides a DC offset and may be set to zero in some cases. The impedance at Pin 14 should be soon or less. 
5. For optimum settling time, decouple V- with 20n and bypass with 22jtF tantulum capacitor. 
6. Reference current and reference resistor - there is a 1-to-4 scale factor between the reference current (IREF) and the full-scale output current 

(IFS). If VREF = + 1 OV and IFS = 4mA, the value of the R'4 is: 

4 X 10V 
R'4----- 1Okn R'4 = R,s 

4mA 
a. Reference Amplifier Biasing 

Minimum Size Reference Amplifier 
Compensation Capacitor Frequency Response 
(IFS = 4mA, IREF=1.0mA) • R14 tEQ,- 21c0 

• Cc- 1OpF 

R'4(EQ) (kn) Cc (pF) ~ 
~ 2 

10 50 
5 25 

e: 0 5 ~~~E~~~~:'o~S:! ~ 2 10 ~ -2 

1 5 
;: 

F"tLI ~~ALF cY·I·I~NT 
.5 0 

~ -4 
SMALL SIGNAL_ t% 

- 6 MODULATION OF 2mA r--
NOTE: FULL SCALE CURAENT r-- ..... 
A 0.01 jtF capacitor is recommended for fixed -. 

.0' 0.' '.0 '0 
reference operation. FREQUENCY, MHz 

OP1852QS 

b. 
Figure 2 
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CMOS, HTL ECL 

V+ 

2OkO 13kO 

"A" "A" 

....... Wlr-t-O ~~cPlN 13 '--Wlr-t-O. ~~PIN 13 

A 4CJO,.A B.2IdI 

l 

NOTE: 
1. Set the voltage 'A' to the desired logic input switching threshotd. 
2. Allowable range of logic thraehold I. typically -5V to + 13.5V when operating the DAC on ± 15V supplies. 

Figure 3. Interfacing Circuits for ECL, CMOS, HTL Logic Inputs 

ACCOMMODATING BIPOLAR REFERENCE 

A_ 
t,. --
Ro. Am6012 

IREF > PEAK NEGAnVE SWING OF t,. 

NOTE: 
IREF > Peak negative swing of liN. 

V~".~I~A~R~~~~I~.r-----------~ 
AAEF=A150 

AIS 
(OPTtONAL) IS 

HIGH INPUT 
IMPEDANCE 

Aml012 

Te,"",O$ 

V..,I·) MUST BE A80YE PEAK POSITIVE SWING OF V,. 

NOTE: 
VREA+) Must be above peek posHlve swing of V'N' 

November 6, 1966 

BASIC NEGATIVE REFERENCE OPERATION 

AgF ,.r-----------~ 

AmtI012 -=- A15 15 
Vq~-Io---~~~t. __________ __' 

NOTE: 
VREF(-) 

IFSs=tI--X4 
RREF 

NOTE: 
R~ SETS I ... : AIS IS FOR A 
BIAS CURRENT CANCELLATION. 

RREF sets IFBi R15 is for a bias current cancellation. 

RECOMMENDED FULL-SCALE 
ADJUSTMENT CIRCUIT 

5·107 

V~".~I~~~~~-2I.~------------~ 
~=AI50 

R15 
(OPTIONAL) 15 

HIGH INPUT 
IMPEDANCE 

_2 

Vg~.) MUST BE A80YE PEAK POSITIVE SWING OF VIN 

I 
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APPLICATION CIRCUITS 

5,OOOkO 2.000mA -
ROFF 

R. R, 

I 

.~~~,-R,. 0 

+IOV 10kll -REF VREF(+) 10 • 
AmlS012 d-r- + 

~ 
V •• ~_I io b 

R,. -
IOkO 8, 8" , Ra 

~+ 1 (SEE CODE TABLE) 
.". 

R14.~ MS8 LSI """ ... 
AOFF.~ 

LD0780QS 

MSB LS8 10 I. CODE FORMAT CONNECTIONS OUTPUT SCALE 81 8283 B4 85 86 87 8B 88 810 811 812 (mAl (mAl VOUT 

Straight binary; one 
polarity with true Input 

Unipolar 
ocde, true zero output. 

Complementary blnery; 
one polarity with 
oomplemantary input 
oode, true zero output. 

Straight offset binary; 
offset half·acaie, 
symmetrical about zero, 
no true zero output. 

Sym_' 
0If8et I'. oomplement; offset 

half·scaIe, symmetrical 
about zero, no true zao 
output, MSB oompfe.. 
mented (need inverter 
at Bl). 

Offset binary; offset half· 
acaie, true zero output. 

0If8et with 
True Zero 2'. complement; offset 

half·acaie, true zero 
output, MSB compl ... 
mantad (need i...-, 
at Bl). 

ADDITIONAL CODE 
MODIFICATIONS 

a-c 
b-g 

AI =A2-2.5I< 

a-g 
b-c 

AI - A2 - 2.51< 

0-0 
bod 
f-g 

AI - A3- 2.Sk 
A2 -1.2Sk 

a-c 
b-d 
f-g 

AI = A3 - 2.Sk 
A2 = 1.251< 

e-a-c 
b-g 

Al-A2-5I< 

e-a-c 
b-g 

Al-A2-5k 

1. Any of the Dffset binary codes may be 
complemented by reversing the output 
terminal peir. 
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Positive full-scale 1 1 1 1 
Positive full-scale -LSB 1 1 1 1 
Zefo.scale 0 0 0 0 

Pooitive fulklcale 0 0 0 0 
Poaltlve full-scale -LSB 0 0 0 0 
Zero.scale 1 1 1 1 

Pooitive full·scale 1 1 1 1 
Pooitive fulHlcale -LSB 1 1 1 1 
(+) Zero-scale 1 0 0 0 
(-) Zero-scale 0 1 1 1 
Negative full-scale -LSB 0 0 0 0 
Negative fulklcale 0 0 0 0 

Positive full-scale 0 1 1 1 
Positive full-scale - LSB 0 1 1 1 
(+) Zero-scale 0 0 0 0 
(-) Zero-acaie 1 1 1 1 
Negative full·ecale - LSB 1 0 0 0 
Negative fulklcale 1 0 0 0 

Positive fulf..scale 1 1 1 1 
Pooitive ful~scale -LSB 1 1 1 1 
+LSB 1 0 0 0 
Zero-acale 1· 0 0 0 
-LSB 0 1 1 1 
Negative full-scale + LSB 0 0 0 0 
Negative full-scale 0 0 0 0 

PoaItjve full-scale 0 1 1 1 
Posiilve full-scale -LSB 0 1 1 1 
+1 LSB 0 0 0 0 
Zero-scale 0 0 0 0 
-1 LSB 1 1 1 1 
Negative full·scaIe + LSB 1 0 0 0 
Nagative full·ecale 1 0 0 0 

Figure 4. AM6012 logic Inputs 
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1 1 1 1 1 1 1 1 3.999 0.000 9.9978 
1 1 1 1 1 1 1 0 3.998 0.001 9,9951 
0 0 0 0 0 0 0 0 0.000 3.999 0.0000 

0 0 0 0 0 0 0 0 0.000 3.999 9.9978 
0 0 0 0 0 0 0 1 0.001 3.999 9.9951 
1 1 1 1 1 1 1 1 3.999 0.000 0.0000 

1 1 1 1 1 1 1 1 3.999 0.000 9.9976 
1 1 1 1 1 1 1 0 3.999 0.001 9.9927 
0 0 0 0 0 0 0 0 2.000 1.999 0.0024 
1 1 1 1 1 1 1 1 1.999 2.000 -0.0024 
0 0 0 0 0 0 0 1 0.001 3.999 -9.9927 
0 0 0 0 0 0 0 0 0.000 3.999 -9.9978 

1 1 1 1 1 1 1. 1 3.999 0.000 9.9976 
1 1 1 1 1 1 1 0 3.998 0.001 9.9927 
0 0 0 0 0 0 0 0 2.000 1.999 0.0024 
1 1 1 1 1 1 1 1 1.999 2.000 -0.0024 
0 0 0 0 0 0 0 1 0.001 3.998 -9.9927 
0 0 0 0 0 0 0 0 0.000 3.999 -9.9976 

1 1 1 1 1 1 1 1 3.999 0.000 9.9951 
1 1 1 1 1 1 1 0 3.999 0.001 9.9902 
0 0 0 0 0 0 0 1 2.001 1.999 0.0049 
0 0 0 0 0 0 0 0 2.000 1.999 0.000 
1 1 1 1 1 1 1 1 1.999 2.000 -0.0049 
0 0 0 0 0 0 0 1 0.001 3.999 -9.9951 
0 0 0 0 0 0 0 0 0.000 3.999 -10.000 

1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 0 3.999 0.001 9.9902 
0 0 0 0 0 0 0 1 2.001 1.998 0.0049 
0 0 0 0 0 0 0 0 2.000 1.999 0.000 
1 1 1 1 1 1 1 1 1.999 2.000 -0.049 
0 0 0 0 0 0 0 1 0.001 3.999 -9.9951 
0 0 0 0 0 0 0 0 0.000 3.999 -10.000 
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APPLICATION CIRCUITS 

+ 120VDC 

I 
NOTElk 
1. Full differential driVe lowers power supply voltage. 
2. EHmlnates inverting amplifiers and transformers. 
3. Independont boom centering controls. 

Figure 5. CRT Display Driver 

CONVERSION TIME VI ACCURACY 

1:25 r SERIAL , \ n DATA OUT 

1.00 
E 2504 SIAR CC DO DI ~:.:o~\ • CLOCK CP 011 (NArL, AMD) 00 ·1 .. wI1h 

~ 0.75 
,NE52I 

~LSB ~ AmIOl 
with H 8 0.50 r-- NE52I , 

+15V ~ (fYP) \.. 

0.25 ~ 
VREF ANALOG IN 

I-
10 MOV·nl f ~10V) 

5.oDOK 2.51<0 0.00 
+tOV MSB tOO 200 300 400 500 500 700 100 
REF 

~MSI LSB 

~ 
CONVERSION nME PER TRIAL, na 

:> * * 
00' ..... 

_12 
-:-- ,....... V COMP CONVERSION WORST 

~t.F 0""l!' 

~ 
TIME (ns) TVP 

CASE 
tll.OOO1cO r-r~ 

I 
0.01 SAR 33 55 

-i~ 8~ ~~ NE529 100 150 

.,.. .,.. .,.. TOTAL 383ns 705n8 
.,.. v(+l .,.. 

v(-l 
X 13 5.0jlS 9.1jlS 

'"'''-
Figure 6. 12·Blt High-Speed AID Converter 
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APPLICATION CIRCUITS 

.p 
BUS 

NOTE: 

4 

o 

-

~ 
DE 

LS373 

E. 
'-- D •• 0,. - 0,. 0,. -

- D •• 0,. - D •• D •• -
1/2 LS100 1/2LS100 0,. 0,. - 0,. 0,. 

!loA OOA - Do. 00. 
E. 

I 

a. Interface With B-Bit Microprocessor Bus 

E, ___ .... IlL.. _______ _ 

E. ______ ..... !l .... _____ _ 

OBO·3 084·11 

b. Timing Sequence 

Data remains on Inputs of DAC until updated by E2 pulse. Timing will depend on processor used. 

Figure 7 
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DESCRIPTION 
The DACOa series of a-bit monolithic 
multiplying Digital-to-Analog Converters 
provide very high-speed performance 
coupled with low cost and outstanding 
applications flexibility. 

Advanced circuit design achieves 70ns 
settling times with very low glitch and at 
low power consumption. Monotonic mul
tiplying performance is attained over a 
wide 20-to-1 reference current range. 
Matching to within 1 LSB between refer
ence and full-scale currents eliminates 
the need for full-scale trimming in most 
applications. Direct interface to all popu
lar logic families with full noise immunity 
is provided by the high swing, adjustable 
threshold logic inputs. 

Dual complementary outputs are provid
ed, increasing versatility and enabling 
differential operation to effectively dou
ble the peak-to-peak output swing. True 
high voltage compliance outputs allow 
direct output voltage conversion and 
eliminate output op amps in many appli
cations. 

All DACOa series models guarantee full 
a-bit monotonicity and linearities as tight 
as 0.1 % over the entire operating tem
perature range. Device performance is 
essentially unchanged over the ± 4.5V to 
± 18V power supply range, with 37mW 
power consumption attainable at ± 5V 
supplies. 

ORDERING INFORMATION 

DAcoa Series 
a-Bit High-Speed Multiplying 
0/ A Converter 
Product Specification 

The compact size and low power con
sumption make the DACOa attractive for 
portable and military aerospace applica
tions. 

FEATURES 
• Fast settling output current-

70ns 

• Full-scale current prematched to 
± 1 LSB 

• Direct interface to TTL, CMOS, 
ECl, HTl, PMOS 

• Relative accuracy to 0.10/0 
maximum over temperature range 

• High output compliance -10V to 
+18V 

• True and complemented outputs 
• Wide range multiplying capability 
• low FS current drift

± 10ppmrC 

• Wide power supply range
± 4.5V to ± 18V 

• low power consumption - 37mW 
at ±5V 

PIN CONFIGURATIONS 

F, N Packages 

TOP VIEW 

D Package1 

TOP VIEW 

NOTE: 
1. SO .ami non-standard pinouts. 

APPLICATIONS 

COMP 

VREF

VREF+ 

Ba(LSB} 

CD10590S 

.8-bit, 1ps A-to-D converters 

• Servo-motor and pen drivers 
• Waveform generators 
• Audio encoders and attenuators 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 
• Analog meter drivers 

t6-Pin Hermetic Cerdip -55'C to + 125'C 

16-Pin Hermetic Cerdip -55'C to + 125'C 

16-Pin Plastic DIP o to +70'C 

t6-Pin Hermetic Cerdip o to +70'C 

16-Pin Plastic DIP o to +70'C 

16-Pin Hermetic Cerdip o to +70'C 

t6-Pin Plastic SO o to +70'C 

t6-Pin Hermetic Cerdip o to +70'C 

t6-Pin Plastic DIP o to +70'C 

November 14, t986 5-111 

DAC08F 

DAC08AF 

DAC08CN 

DAC08CF 

DAC08EN 

DAC08EF 

DAC08ED 

DAC08HF 

DAC08HN 

• Programmable power supplies 

• CRT display drivers 
• High-speed modems 
• Other applications where low 

cost, high speed and complete 
input/output versatility are 
required 

• Programmable gain and 
attentuatlon 

• Analog-Digital multiplication 

853-0045 86552 

I 
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BLOCK DIAGRAM 

14 

REFERENCE 
AMPLIFIER 

11 
COMPo v-

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

V+ to 
Power supply voltage 

V-

VS-V12 Digital input voltage 

VLC Logic threshold control 

Vo Applied output voltage 

1,4 Reference current 

V'4, Reference amplifier inputs 
V,S 

Po Maximum power dissipation T A = 25'C 
(still-air)' 

F package 
N package 
D package 

TSOLO Lead soldering temperature (10sec max) 

TA Operating temperature range 
DAC08, DAC08A 
DAC08C, E, H 

TSTG Storage temperature range 

NOTE: 
1. Derate above 25'C, at the following rates: 

F package al 9.5mW rc. 
N package at 1'.6mW rc. 
D packaga at 8.7mwrc. 

November 14, 1988 

RATING 

36 

V- to V- plus 
36V 

V- to V+ 

V- to +18 

5.0 

VEE to Vee 

1190 
1450 
1090 

300 

-55 to +125 
o to +70 

-65 to +150 

5-112 
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."" .... 

UNIT 

V 

V 

mA 

mW 
mW 
mW 

'c 

'c 
'c 
'c 
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DC ELECTRICAL CHARACTERISTICS Pin 3 must be at least 3V more negative than the potential to which R15 is 
returned. 

SYMBOL PARAMETER 

Resolution 
Monotonicity 

Relative accuracy 
Differential non-linearity 

TCIFS Full-scale tempco 

Voc Output voltage compliance 

IFS4 Full-scale current 

IFSS Full-scale symmetry 

Izs Zero-scale current 

IFSR Full-scale output current 
range 

Logic input levels 
VIL Low 
VIH High 

Logic input current 
IlL Low 
IIH High 

VIS Logic input swing 

VTHR Logic threshold range 

115 Reference bias current 

dlldt Reference input slew rate 

Power supply sensitivity 
PSSIFS+ Positive 

PSIF5- Negative 

Power supply current 
1+ Positive 
1- Negative 

1+ Positive 
1- Negative 

1+ Positive 
I- Negative 

Po Power dissipation 

November 14, 1986 

Vee = ± 15V, IREF = 2.0mA, Output characteristics refer to both lOUT and 10ITf unless 
otherwise noted. DAC08C, E, H: TA = O·C to 70·C. DAC08/08A: TA = -55·C to 
125·C. 

DAC08C 
DAC08E 

TEST CONDITIONS DAC08 UNIT 

Min Typ Max Min Typ Max 

8 8 8 8 8 8 Bits 
8 8 8 8 8 8 Bits 

Over temperature range ±0.39 ±0.19 %FS 
±0.39 ±0.19 %FS 

±10 ±10 ppml"C 

Full-scale current change < ~2 LSB -10 +18 -10 +18 V 

VREF = 10.000V, R14, R15 - 5.000kn 1.94 1.99 2.04 1.94 1.99 2.04 mA 

IFS4-IFS2 ±2.0 ±16 ±1.0 ±8.0 pA 

0.2 4.0 0.2 2.0 pA 

R14, R15 = 5.000kn 
VREF = + 15.0V, V- = -10V 2.1 2.1 mA 
VREF = +25.0V, V- = -12V 4.2 4.2 

VLc=OV 
0.8 0.8 V 

2.0 2.0 

VLC=OV 
VIN =-10V to +0.8V -2.0 -10 -2.0 -10 pA 

VIN = 2.0V to 18V 0.002 10 0.002 10 

V- =-15V -10 +18 -10 +18 V 

Vs=±15V -10 +13.5 -10 +13.5 V 

-1.0 -3.0 -1.0 -3.0 pA 

4.0 8.0 4.0 8.0 mA/1JS 

IREF-lmA 
V+ = 4.5 to 5.5V, V- = -15V; 0.0003 0.01 0.0003 0.01 

V+ = 13.5 to 16.5V, V- =-15V %FS/%VS 
V- =-4.5 to -5.5V, V+ = +15V; 0.002 0.Q1 0.002 0.01 
V- m-13.5 to -16.5, V+ = +15V 

Vs - ± 5V, IREF - 1.0mA 
3.1 3.8 3.1 3.8 

-4.3 -5.8 -4.3 -5.8 

Vs=+5V, -15V, IREF=2.0mA 
3.1 3.8 3.1 3.8 mA 

-7.1 -7.8 -7.1 -7.8 

Vs - ± 15V, IREF = 2.0mA 
3.2 3.8 3.2 3.8 

-7.2 -7.8 -7.2 -7.8 

± 5V, IREF = 1.0mA 37 48 37 46 
+5V, -15V, IREF - 2.0mA 122 136 122 136 mW 

± 15V, IREF = 2.0mA 156 174 156 174 
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a-Bit High-Speed Multiplying D / A Converter DAcoa Series 

DC ELECTRICAL CHARACTERISTICS (Continued) 'Pin 3 must be at least 3V more negative than the potential to which 
R15 is returned. 

SYMBOL PARAMETER 

Resolution 
Monotonicity 

Relative accuracy 
Differential non-linearity 

TCIFS Full-scale tempco 

Voc Output voltage compliance 

IFS4 Full-scale current 

IFss Full-scale symmetry 

Izs Zero-scale current 

IFSR Full-scale output current range 

Logic Input levels 
VIL Low 
VIH High 

Logic input current 
IlL Low 
IIH High 

VIS Logic input swing 

VTHR Logic threshold range 

115 Reference bias current 

dl/dt Reference input slew rate 

Power supply sensitivity 
PSSIFS+ Positive 

PSIFs-- Negative 

Power supply current 
1+ Positive 
1- Negative 

1+ Positive 
1- Negative 

1+ Positive 
1- Negative 

Po Power dissipation 

November 14, 1986 

Vee = ± 15V, IREF - 2.0rnA, Output characteristics refer to both lOUT 
and lOOT, unless otherwise noted. DAC08C, E, H: T A - O°C to 70°C. 
DAC08/08A: T A = -55°C to 125°C. 

DAC08H 

TEST CONDITIONS DAC08A UNIT 

Min Typ Max 

8 8 8 Bits 
8 8 8 Bits 

Over temperature range ±0.1 %FS 
±0.19 %FS 

±10 ±oo ppml"C 

Full-scale current change Y:! LSB -10 +18 V 

VREF = 10.000V, R14, R15 = 5.oo0kn 1.984 1.992 2.000 rnA 

IFS4-IFS2 ±1.0 ±4.0 jJA 

0.2 1.0 jJA 

R14, R15 - 5.000kn 
VREF=+15.0V, V- --10V 2.1 mA 
VREF = +25.0V, V- = -12V 4.2 

VLC= OV 
0.8 V 

2.0 

VLC=OV 
VIN = -10V to +0.8V -2.0 -10 jJA 

VIN = 2.0V to 18V 0.002 10 

V- --15V -10 +18 V 

Vs=±15V -10 +13.5 V 

-1.0 -3.0 jJA 

4.0 8.0 mAlps 

IREF= 1mA 
V+ =4.5 to 5.5V, V-=-15V; 0.0003 0.01 

V+ = 13.5 to 16.5V, V- =-15V %FS/%VS 
V- = -4.5 to -5.5V, V+ = + 15V; 0.002 0.01 
V- = -13.5 to -16.5, V+ = + 15V 

Vs = ± 5V, IREF = 1.0mA 3.1 3.8 
-4.3 -5.8 

Vs = + 5V, -15V, IREF = 2.0mA 
3.1 3.8 mA 

-7.1 -7.8 

Vs - ± 15V, IREF = 2.0rnA 
3.2 3.8 

-7.2 -7.8 

± 5V, IREF = 1.0mA 37 48 
+5V, -15V, IREF = 2.0rnA 122 136 mW 

± 15V, IREF - 2.0mA 156 174 
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8-Bit High-Speed Multiplying D / A Converter DAC08 Series 

AC ELECTRICAL CHARACTERISTICS 

DACOBC 
DAC08E DAC08H 

SYMBOL PARAMETER TEST CONDITIONS DAC08 DAC08A UNIT 

Min Typ Max MIn Typ Max Min Typ Max 

To ± ~ LSB, all bits 
ts Settling time switched on or off, 70 135 70 135 70 135 ns 

TA = O°C 

Propagation delay 
tpLH Low-to-High T A = 25°C, each bit. ns 
tpHL Hlgh-to-Low All bits switched 35 60 35 60 35 60 

TEST CIRCUITS 

,>4 __ ERROR 

OUTPUT 

FIgure 1_ Relative Accuracy Test Circuit 

VCC 
2.4V 

°In 
O.4V F=i-:-------:------:::--+=== 

November 14, 1986 

,TO.1I'F 
R~ FOR SETTLING TIME 
-: MEASUREMENT 

~>-..:;..-..... _ °0 (ALL BITS 
SWITCHED LOW 
TO HIGH). I co· 2SpF 

1.0V I 
SETTLI~G TIME I 

RL =5000 

TRANSIENT 0 
RESPONSE 

-100 
mV 

I 

FIgure 2. TransIent Response and SettlIng Time 

5-115 

USE RL 10 GND 
FOR TURN OFF 
MEASUREMENT 

RL =500 
PIN 4TO GND 
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a-Bit High-Speed Multiplying D/A Converter DAcoa Series 

TEST CIRCUITS (Continued) 

Vcc 

R ... 20otl 
14 

15 

16 OPEN 

scope ~
O"" 0 

10% 
---2.omA - -

SLEWING TIME 

veE 
TC12210S 

Figure 3. Reference Current Slew Rate Meaaurement 

Vf~ ICC 

13 

114 
R'4 

Al~ 14 - VREF(+) 

A2c? L..J 
A3~ 15 -115 

A4~ 
, R'5 -:4:-

DIGITAL 2 1 INPUTS ASo-!:-
OAC-08 

A6~ 4 f Vo 

A7oll. OUTPUT - , 
A6o!! 1 '0 

tRL (+)1 ' , 

31 TC 
VI-t I 

leE! • 
-:4:-

Vee 

""""" 
NOTES: 
(See text for values of C.) 
Typical values R14 - R15 - 1 k 

VREF = +2.0V 
C=15pF 

V, and I, app~ 10 inpuls A, Ihrough As 
The resistor tied to Pin 15 is to temperature compensate the bias current and may not be necessary fqr all appHcations. 

A, A, Aa~A5As A, A, 
10· K{"'2+7+ 0+16+'32+'64+ 128 +2s6J 

whereK~ 
R14 

and AN = '1' if AN is at High Level 
lIN - '0' If AN Is at Low L .... I 

Figure 4. Notation Definitions 
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8-Bit High-Speed Multiplying D / A Converter 

TYPICAL PERFORMANCE CHARACTERISTICS 

Output Current vs Output Voltage 
(Output Voltage Compllanca) 

ALL BITS ON 

I I TA-Tmln TO Tm1x 

fa. 
;: 2. 

• 
4 

0 

I I 
V- - -15V iii a. 

~ 1. 8 I . u 
~ 1. 2 

I 

4 

§ O. 

O. 

o 

. 

I I 
V- --sv 'REF-2mA 

II I I 
I~EF-llmA 

'R~F-O~2mA 
-14 -10 8 - Z 0 2 8 10 14 18 

OUTPUT VOLTAGE CV) -
Full-scale Settling Time 

ALL BITS SWITCHED ON 

a.4V 

0.4V 
OUTPUT - \IJ LS8 

o 
SETTLlNG+\lJLS8 

I -.... 

III 
I --~ RLo1kn \lJLS804pA 

OPOlt108 

LSB Propagation Delay vs IFS 

500 

~ 
0:. 
-4DQ 

S ... 
'"aoo 

I: 1 LSB-18nA 1 LSB-7.8,.A 

1111110 tllII 
0 - - ... .. .. I!!"! III i!! 0 ~ 0": :l .. !! 

'FS - OUTPUT FULL SCALE CURRENT cmAl 
OPal1401 

November 14. 1986 

Fast Pulsed Reference Operation 

2.5V 

... - ""'--O.sV 

-OJimA 

'OUT 

-UmA 

~- .... -

BITB 
LOGIC 
INPUT 

lOUT 

Ii 
1 
!; 

8 

4 

0 

2 

\ II 

LSB Switching 

2.4V 
I 

OAV 
OV 

8,.A 

5Ono/CIVISION 

0P0I1218 

Reference Input Frequency 
Response 

'" ... -.. 
6 -4-~14=R15~lkn 

8 - :l:l SB~::~'ON" 
'!i;~ 1 
3 ~ ... - Z 

t-~R15=,oV ~ 

U 111I1 \ 
iJ I III 

iI!~ -8 
-10 

-12 
-14 

0.1 0.2 0.5 1.0 2.0 s.o 10 
FREQUENCYCMHZ) 

NOTES: 
Curve 1: CC -15pF, VIN - 2.0V p~p centered at + 1.0V 
Curve 2: CC - 15pF, VIN - 50mV p.p centered at + 200mV 
Curve 3: CC - OpF. V,N - 100mV p.p centered .1 OV 

and applied through 50n connected to Pin 14. 
+ 2.0V applied to R,4. 
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True and Complementary Output 
Operation 

OmA I .... i.oo" 
I""- .,. 
1,..000 

......... .... l.omA 

... .... 
I z.omA OUT 

COOOOOOOO) Cllllllll) 

~ 
!. .. z ... 
a: a: ,. 
u .. ,. ... .. ,. 
0 
I 
en .. 

5.0 

4.G 

a.o 

2.G 

1.0 

o 

Full-Scale Current vs 
Reference Current 

T =T TOT LlIlITFO~ 
Atl BII'!!'''HIGlV''x -V- - -15V 

./ 
1/ 

1/ 
1/ 

./ ~~'~~~~~-f-./ 
1/ 

fI-

-

o 1.0 2.G 3.0 4.G s.o 
'REF - REFERENCE CURRENt CmAl 

• 



Signetics Linear Products 

a-Bit High-Speed Multiplying D / A Converter 

TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 

Reference AMP Common-Mode Range 
All Bits On 

3.2 

I::: 
I ZoO 

!i 1 .. 

" !; 1.1 .. 
!; • .1 
o ... 

• 

I I rA·r ... ror .... I 
J I I I I 

V- __ 1&V V- __ IV 
V+-+16V 

'REF-21nA 

I I 

I IR.EF·~mA r--
I.EF=II.2 ..... -

-14 10 • 2 0 2 • 10 14 l' - - -
Y1S - REFERENCE COMMON MODE VOLTAGE (V) 

POIIT1VE 00IIII0fHIDDE RANCE 18 ALWAYS (V+) -1.5Y. 

Output Voltsge Compliance 
vs Temperature 

OP081tOS 

Power Supply Current vs V-

BITS MAY BE HIGH OR LOW I J 
1- WITH IREF = 2mA 

8 

5 1 .. !.1 I I 
1- WITH IREF = lmA 

4 

3 
1- WITH IREF = 0.2mA 

2 
"\, 1+ 

1 

o I 
o -4.0 -8.0 -12 -18 -20 

V - - NEGATIVE POWER SUPPLY (Ydcl 

November 14, 1986 

Logic Input Current vs Input Voltage 

8.0 

0 

011 
I 

o I 
-12 8 4 0 4 8 12 18 -

1. 4 

11.2 
~ 1. 0 
w 
I 0.8 

" ~ 0.6 

" ~ 0.4 
o 

0.2 

0 

LOGIC INPUT VOLTAGE lv) 

Bit Transfer Characteristics 

IREF=2.0mA rB,-

B2 

V- - -15V B3 
:-¥~- - -5V 

5 
- 12 - 8 4 0 4 8 12 16 

LOGIC INPUT VOLTAGE lv) 

OPOI1211$ 

NOTE: 
81 through B8 have Identical transfer characteristics. 
Bits are fully Switched, with less than ~ LSB error, at 
less than ± 100mV from actual threshold. These 
switching points are guaranteed to lie between O.B and 
2.0V over the operating temperature range 
(YLC = O.OVI. 

Power Supply Current vs Temperature 

f- f-
AL~ Br~s H!GH OR LOW 

V- = -lsv 1-

IREF=2.0mA 

I I I 

V+ +16~ - 1+- '--

1 
I I I 
I I I I 

-50 0 50 100 150 
TEMPERATURE lOCI 
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2.0 

1.8 
1.8 

~ 1.4 
g,.2 

=;- 1.0 

~o .. 
>0.8 

4 O. 

0.2 
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VTH - VLC vs Temperature 

I' 
I' ,...... 

-50 o 50 100 150 
TEMPERATUREloCj 

OPOa1808 

Power Supply Current vs V+ 

ALL BITS HIGH OR LOW 
7 I_r-

5 

3 1+ 

1 

0 
o 2 4 6 8 10 12 14 18 18 20 

V + - POSITIVE POWER SUPP~Y (Vdcl 

Maximum Reference Input Frequency 
vs Compensation Capacitor Vslue 

1,000 

100 

10~~WU~~~~UU~W-~~~ 

1 10 100 1,000 
Cc (pF) 



Signetics Unear Products 

8-Bit High-Speed Multiplying 0/ A Converter 

TYPICAL APPLICATION 

ov..rL. 

NOTES: 
REO= R'NII Rp 
Typical Values 
RIN-5kil 
+VIN = 10V 

Pulsed Referenced Operation 

FUNCTIONAL DESCRIPTION 

Reference Amplifier Drive and 
Compensation 
The reference amplifier input current must 
always flow into Pin 14 regardless of the 
setup method or reference supply voltage 
polarity. 

Connections for a positive reference voltage 
are shown in Figure 1. The reference voltage 
source supplies the full reference current. For 
bipolar reference signals. as in the multiplying 
mode. R15 can be tied to a negative voltage 
corresponding to the minimum input level. 
R15 may be eliminated with only a small 
sacrifice in accuracy and temperature drift. 

The compensation capacitor value must be 
increased as R14 value is increased. This is in 
order to maintain proper phase margin. For 
R14 values of 1.0. 2.5. and 5.0kn. minimum 
capacitor values are 15. 37. and 75pF. re
spectively. The capacitor may be tied to 
e~her VEE or ground. but using VEE increases 
negative supply rejection. (Fluctuations in the 
negative supply have more effect on accura
cy than do any changes in the positive 
supply.) 

A negative reference voltage may be used if 
R 14 is grounded and the reference voltage is 
applied to R15 as shown. A high input imped
ance is the main advantage of this method. 
The negative reference voltage must be at 

November 14. 1986 

least 3.0V above the VEE supply. Bipolar input 
signals may be handled by connecting R14 to 
a positive reference voltage equal to the peak 
positive input level at Pin 15. 

When using a DC reference voltage. capaci
tive bypass to ground is recommended. The 
5.0V logic supply is not recommended as a 
reference voltage. but if a well regulated 5.0V 
supply which drives logic is to be used as the 
reference. R 14 should be formed of two 
series resistors with the junction of the two 
resistors bypassed with O.II'F to ground. For 
reference voltages greater than 5.0V. a clamp 
diode is recommended between Pin 14 and 
ground. 

If Pin 14 is driven by a high impedance such 
as a transistor current source. none of the 
above compensation methods applies and 
the amplifier must be heavily compensated. 
decreasing the overall bandwidth. 

Output Voltage Range 
The voltage at Pin 4 must always be at least 
4.5V more positive than the voltage of the 
negative supply (Pin 3) when the reference 
current is 2mA or less. and at least 8V more 
pos~ive than the negative supply when the 
reference current is between 2mA and 4mA. 
This is necessary to avoid saturation of the 
output transistors. which would cause serious 
accuracy degradation. 

Output Current Range 
Any time the full-scale current exceeds 2mA. 
the negative supply must be at least 8V more 
negative than the output voltage. This is due 
to the increased internal voltage drops be
tween the negative supply and the outputs 
with higher reference currents. 

Accuracy 
Absolute accuracy is the measure of each 
output current level with respect to its intend
ed value. and is dependent upon relative 
accuracy. full-scale accuracy and full-scale 
current drift. Relative accuracy is the measure 
of each output current level as a fraction of 
the full-scale current after zero-scale current 
has been nulled out. The relative accuracy of 
the DAC08 series is essentially constant over 
the operating temperature range due to the 
excellent temperature tracking of the mono
lithic resistor ladder. The reference current 
may drift with temperature. causing a change 
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in the absolute accuracy of output current. 
However. the DAC08 series has a very low 
full-scale current drift over the operating tem
perature range. 

The DAC08 series is guaranteed accurate to 
within ± h LSB at + 25°C at a full-scale 
output current of 1.992mA. The relative accu
racy test circuit is shown in Figure 1. The 12-
bit converter is calibrated to a full-scale 
output current of 1.9g219mA. then the 
DAC08 full-scale current is trimmed to the 
same value with R14 so that a zero value 
appears at the error amplifier output. The 
counter is activated and the error band may 
be displayed on the oscilloscope. detected by 
comparators. or stored in a peak detector. 

Two 8-bit D-to-A converters may not be used 
to construct a 16-bit accurate D-to-A convert
er. 16-bit accuracy implies a total of ± h part 
in 65.536. or ± 0.00076%. which is much 
more accurate than the ± 0.19% specification 
of the DAC08 series. 

Monotonicity 
A monotonic converter is one which always 
provides analog output greater than or equal 
to the preceding value for a corresponding 
increment in the digitai input code. The 
DAC08 series is monotonic for all values of 
reference current above 0.5mA. The recom
mended range for operation is a DC refer
ence current between' 0.5mA and 4.0mA. 

Settling Time 
The worst-case switching condition occurs 
when all bits are switched on. which corre
sponds to a low-to-high transition for all input 
b~. This time is typically 70ns for settling to 
within Y2LSB for 8-bit accuracy. This time 
applies when RL< 500n and Co < 25pF. The 
slowest single switch is the least significant 
bit. which typically turns on and settles in 
65ns. In applications where the DAC func
tions in a positive-going ramp mode. the 
worst-case condition does not occur and 
settling times less than 70ns may be realized. 

Extra care must be taken in board layout 
since this usually is the dominant factor in 
satisfactory test results when measuring set
tling time. Short leads. IOOI'F supply bypass
ing for low frequencies. minimum scope lead 
length. and avoidance of ground loops ara all 
mandatory. 

I 
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a-Bit High-Speed Multiplying D / A Converter 

SETTLING TIME AND PROPAGATION DELAY 

NOTES: 
0,. o. - IN6263 or equivalent 
Do -INSI4 or equivalent 
C,-O.OlpF 
Co. Cs-O.lpF 
Q,-2N3S04 

IREF-2mA 
15 

A15=5kU 

C •• Co - 15pF and Includes all prOOe and fixluring capacitance. 

BASIC DAC08 CONFIGURATION 

?+VREF 

RREF IIREF 

(LOW T.C.) '---~-I.'4 

r-_~-I'5 

NOTE: 

IFS" + VREF X 255. 10 + 10 - IFS lor all logic states 
RREF 256 

November 14, 1986 

MSB234567LSB 

? 

DAC·08 
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a-Bit High-Speed Multiplying D / A Converter 

RECOMMENDED FULL-SCALE AND ZERO-SCALE ADJUST 

~ ____ --i'4 

NOTES: 
Ri-Iow T.e. 
Rs-R1+ Rz 
R2~O.1 Ai to minimize pot. contribution to full-scale drift 

'5 

DAC·08 

UNIPOLAR VOLTAGE OUTPUT FOR LOW IMPEDANCE OUTPUT 

5k11(LOWT.CJ 

.4 DAC.Q8 
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a-Bit High-Speed Multiplying D / A Converter DAcoa Series 

UNIPOLAR VOLTAGE OUTPUT FOR HIGH IMPEDANCE OUTPUT 

SkU SkU 

'---_~ ........ -_+---oVOUT 

DAC·08 
14 

TCl12280S 

a. Positive Output 

IR-2mA 
DAc·oe 

14 

b. Negative Output 

BASIC BIPOLAR OUTPUT OPERATION (OFFSET BINARY) 

I V=1DV 

t10kQ 
IR=2mA :> 10kU 

0--=::- 14 DAC-Ge 
lvoUT 

f 

1-VOUT 
TC12300S 

Bt B2 B3 B4 Bs Be B7 Be VOUT voo;: 
Positive full-scale 1 1 1 1 1 1 1 1 -9.920V +10.000 

Positive FS - 1 LSB 1 1 1 1 1 1 1 0 -9.840V +9.920 

+ Zero-scale + 1 LSB 1 0 0 0 0 0 0 1 -0.080V +0.160 
Zero-scale 1 0 0 0 0 0 0 0 0.000 +0.080 

Zero-scale - 1 LSB 0 1 1 1 1 1 1 1 0.080 0.000 

Negative full scale - 1 LSB 0 0 0 0 0 0 0 1 +9.920 -9.840 

Negative full scale 0 0 0 0 0 0 0 0 +10.000 -9.920 
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USING THE DAC08 WITHOUT A 
NEGATIVE SUPPLY 
The DAC08 can be used without a negative 
supply if a few precautions are observed: 

1. Vee must be in the range of 10V to 30V. 

2. VREF( _) must be at least 3V more positive 
than Pin 3 at all times. 

3. Pins 2 and 4 must always be at least 5V 
above Pin 3 for reference currents up to 
2mA, and at least 8V above Pin 3 for 
referenca currents above 2mA. 

4. Pin 1 must be at least 5V above Pin 3. 

Figure 1 shows the DAC08 In a circuit without 
a negative supply with two MC1489s used as 
level shifters. The need for level shifters is 
implied from requirement 4 above, since the 
logic threshold is about 1.35V above Pin 1. 
Vo must be the same potential as the positive 
logic supply because of the internal circuitry 
of the MC1489. 

If VREF( +) is a very stable source with no 
ripple or noise, R1 and R2 can be a single 
resistor. The same is true of R3 and R4 if 
VREF( _) Is a very stable source. Resistor 
values are determined as follows: 

R1 +R2= VREF(+)-VREF(-) 

IREF 

R3 + R4 = R1 + R2 

where IREF is reference current through R1 
and R2 

(Pin 14 is at VREF( _) potential) 

The value of the compensation capacitor, Ce, 
is determined by the relationship: 

Ce-15 (R1+R2) 

where Co is in pF and R1 and R2 are in kn. 

Vo (DAC08 Pin 1 and MC1489 Pin 7) must be 
at least 5V for DAC08 reference currents at 
or below 2mA, and at least 8V for reference 
currents above 2mA. Vo must also be equal 
to the positive potential of the logic supply, as 
mentioned above. It should be noted that the 
MC1489 inverts the logic inputs. 

EXAMPLE 
Power supply voltages of + 5V and + 15V are 
available and the input logic is TIL. The need 
is for a DAC with a full-scale output of 2mA. 

February 1987 

AN106 
Using the DACOa Without 
Negative Supply 
Application Note 

• Vo is set to +5V 
• Vee for the DAC08 and the MC1489 

are set to + 15V 

15-5 10V 
R1 +R2---=--5kn 

• If VREF( +) and VREF( _) are set to 
+15Vand +5V respectively, 

O ••• F 

~ 
R, R. 

VREF(+) 

R. R. 
YIIEl'(-) 

:t O.'.F 

+10Vto +'5V 

ifi 
(MSB) 

10K 

iii o--+-H 

vo __ --1-__ -' 

iii o----1r-t 
(LSB) 

14 

.5 
5 

IREF 2mA 

• R3 + R4 should also add up to 5kn. 

• Ce is 15(5)pF -75pF. 

vee (+'OTO) +30V 

9. 
'3 lOUT 

4 -• 7 8 louT 

Vo 

TC08211S 

Figure 1. Using the DACoa Without a NegaOVe Supply 
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Signetics DAC800 
12-Bit D / A Converter 

Linear Products 

DESCRIPTION 
The DACSOO is a single-chip converter 
with 12-bit linearity, obtained without 
trimming. It is pin compatible with the 
industry standard DACSO (no external 
reference can be used) and has a faster 
settling time. This converter has thin film 
application resistors, a low temperature 
coefficient bandgap reference, and an 
output amplifier (V models). 

The DAC800 provides for both bipolar 
and unipolar outputs. The V models 
allow output ranges of ± 2.5V, ± 5V, 
±10V, 0 to +5V, or 0 to +10V. The 
current models have an output range of 
either ± 1mA or 0 to -2mA. 

The DAC800 has a maximum non-linear
ity error of ± ~2 LSB over the full temper
ature range, O·C to + 70·C. Additionally, 
the DAC800 offers maximum total error 
over the full temperature range of 
± 0.15% of full-scale for unipolar opera
tion and ± 0.12% of full-scale for bipolar 
operation. The total error includes the 
effects of gain, offset, and linearity drift 
with gain and offset errors adjusted to 
zero at 25·C. 

ORDERING INFORMATION 

Objective Specification 

FEATURES 
• Maximum non-linearity ± 1'2 LSB 
• Guaranteed monotonlclty O·C to 

+70·C 
• Current or voltage output models 
• Internal reference 
• Unipolar and bipolar operation 
• Compatible with TTULSTTU 

CMOS 

• No laser trimming 
• Excellent power supply rejection 

APPLICATIONS 
• Data acquisition and control 

systems 
• Analog-to-dlgltal converter 

systems 
• Automatic test equipment 

• Robotics 
• Waveform generation 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

24-Pin Cerdip o to +70·C DAC800IF 

24-Pin Cerdip o to +70·C DAC800VF 

ABSOLUTE MAXIMUM RATINGS1 

SYMBOL PARAMETER RATING UNIT 

TA Operating ambient temperature range o to +70 ·C 

TSTG Storage temperature range -85 to +150 ·C 

Vee, VEE Power Supply ±16.5 V 
Vee +16.5 V 

, Logic Levels 
High +16.5 V 
Low 0 V 

NOTE: 
1. Stresses above those listed under "Absolute Maximum Ratings" may causa permanant damage to Iha 

devios. Thsse are stress ratings only. Functional operation of this device atthase or any other conditions 
above those indicated in Iha operational sections of this specification Is not implied. and exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 
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PIN CONFIGURATIONS 

Current Model 
F Package 

MY-1----------~_ 
_--'=="..,. .. UYREFOUT 

GMlADJUSf 

Vee 
COMMON 

~ .. ~ 
MI',,=:-!l'iI! ~K 
---'L!'''~K 

+-.....oiNV--i!'!!I7 s= 

errn Va 
1IT12 1 VDD LS8 --. ______ r-(LOGICSUI'I'I.V} 

_V1EW 

Voltage Model 
F Package 

CD11t11OS 

MY-1----------~_ 
BlT1 UVREFOUT 

BlT2 GAIN ADJUsr 

IIT3 Vee 

1IT7 

lITe 

lITe 

~ 

SUMMING 
JUNCnON 

• 2DVIIANCIE 

lOVRANGE 

t-'fiViv.-!i!!l &'=" 
'----!iii! REF INPUT 

• VIE 

8IT12 1 VDD LS8 ---.. ______ r- (LOGICSUPPLY) 

_V1EW 



Signetics Linear Products Objective Specification 

12-Bit D / A Converter DAC800 

DC ELECTRICAL CHARACTERISTICS Vee = 15V, VEE = -15V, Voo = 5V, O'C < TA < +70'C, unless otherwise noted. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min TyP Max 

Resolution 12 Bits 

Monotonicity 12 Bits 

NL Non-linearity ±h LSB 

DNL Differential nonlinearity ±h ±1 LSB 

Gain error1 TA = 25'C ±0.1 ±0.2 % of FSR 

Gain tempco tl0 ±30 ppm/'C 

Offset error 1 to.05 to.15 % of FSR3 

Offset tempco2 Unipolar connection ±1 ±3 ppm of FSRI"C 

Offset tempco2 Bipolar connection t7 t15 ppm of FSR/'C 

Bipolar drift Full-scale drift for bipolar connection tl0 t25 ppm of FSR/'C 

Total error" Upipolar connection ±0.06 ±0.15 % of FSR 

Total error" Bipolar connection ±0.05 ±0.12 % of FSR 

Is Settling time to 0.01 % of FSR6 20V range 3 5 p.s 

Is Settling time to 0.01 % of FSR6 10V range 2.5 4 p.s 

Is Settling time to 0.01 % of FSR6 1 LSB change, major carry 1.5 p.s 

Is Settling time to 0.01% of FSR7 10 to 1000 load 300 ns • Is Settling time to 0.01% of FSR7 lkO load 1 p.s 

IFS Full-scale current I Model only 1.7 2 2.3 mA 

Converter output impedance I Model only 10 MO 

Converter output compliance I Model only -2.5 +2.5 V 

SR Amplifier slew rate6 10 15 V/p.s 

lOUT Amplifier output current V Model only ±5 mA 

Amplifier DC output impedance V Model only 0.05 0 

Amplifier duration output V Model only 
Short-circuit to groundS 

VREF Reference voltage output 6.23 6.30 6.37 V 

Reference voltage tempco tl0 t30 ppm/'C 

Reference output source current 1.5 2.5 rnA 

NOTES: 
I. Adjustable to zero with external trim potentiometer. 
2. To maintain drift specs internal resialors must be used on current output model. 
3. FSR means full-scale range and is 20V for ± IOV range, IOV for ± 5V range, etc. 
4. Includes the effects of gein, offset, and Hnaarity drift. Gain and offset errors are adjusted to zero at 25'C. 
5. Power dissipation Is an additional 20mW when Veo is operated at + 15V. 
6. RL - 2kSl, CL - 200pF, TA - 25'C tor V models only. 
7. Ct -IOpF, TA - 25'C for I models. 
8. Typical operating ocndltions for amplHier duration output short-circutt to ground is indefin"e at this time. 
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Signetics Unear Products Objective Specification 

12-Bit 0/ A Converter DAC800 

AC ELECTRICAL CHARACTERISTICS Vee = 15V, VEE = -15V, Voo = 5V, O·C < TA < +70·C, unless otherwise noted. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

VIH Logic input high 2 16.5 V 

VIL Logic input low 0 O.B V 

IIH Logic high input current VIN - 2.4V 20 p.A 

IlL Logic low input current VIN = O.4V -20 p.A 

Vee, VEE, Voo Power supply sensitivity ±0.0005 ±0.001 % of FSR!%V 

Vee, VEE ±13.5 ±15 ±16.5 V 

Voo' 4.5 5 16.5 V 

Icc 11 14 mA 

lEE -20 -17 mA 

100 6.5 8 mA 

NOTE: 
1. Power dissipation is an addl1ional 20mW when Voo is operated at + 15V. 

POWER SUPPLY CONNECTIONS 
Any noise present on the power supply pins 
of the DAC800 creates additional error. For 
optimum performance this noise should be 
limited as much as possible. This can be 
accomplished by bypassing the power supply 
pins with appropriate capacitors. Decoupling 
capacitors on the order of 1 p.F are recom
mended, the best types being tantalum or 
electrolytic. Electrolytic capacitors have poor 
high frequency characteristics and, if used, 
should be paralleled with a O.OIp.F ceramic 
capacitor. 

LOGIC INPUTS 
The logic inputs of the DACBOO are compati
ble with TTL, LSTTL, and CMOS over the 
operating range of Voo (5V to 15V) as well as 
over temperature (O·C to + 70·C). The input 
switching threshold is TTL (about 1.4V) and is 
independent of the supply voltage, Voo. 

Logic input coding for the DAC800 is comple
mentary. The specific code will be comple
mentary straight binary (CSB) for unipolar 
output connections and complementary off
set binary (COB) for bipolar output connec
tions. For bipolar output connections, com
plementary two's complement (CTC) can be 
realized by inverting the MSB with an external 
inverter. The relationship between the digital 
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input and analog output for the three codes is 
shown in Table 1. 

VOLTAGE REFERENCE 
The DACBOO has an internal 6.3V reference 
with a ± 1 % tolerance. The reference is 
connected Internally to the converter, to the 
bipolar offset resistor, and to Pin 16, which 
does not allow the use of an external refer
ence. The reference is brought out on Pin 24 
for external use, if needed, and can typically 
supply 2.5mA. If the external load varies, an 
external buffer is recommended to isolate the 
reference from load variations. 

EXTERNAL GAIN/OFFSET 
ADJUSTMENTS 
The gain and offset of the DACBOO can be 
adjusted with external potentiometers. The 
potentiometer configuration required for gain 
adjustment is shown in Figure 1. The 10M!l 
resistor should have a tolerance of 20% or 
less and the potentiometer and 10M!l resis
tor should have a temperature coeffiCient of 
200ppml"C or less. 

The potentiometer configuration required for 
offset adjustment is shown in Figure 2 and its 
equivalent circuit in Figure 3. From the equiv
alent circuit it can be seen that this configura-
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tion adds! subtracts a current from the con
verter output current. The 3.9M!l resistor 
should have a tolerance of 20% or less and 
the potentiometer and 3.BM!l resistor should 
have a temperature coefficient of 200ppml"C 
or less. Both adjustment circuits should be 
located close to the DACBOO to prevent noise 
pickup. If full-scale accuracy is not required, 
then the gain adjust pin may be grounded to 
minimize noise pick-up. 

The effects of gain and offset adjustment are 
shown in Figures 4 and 5. Figure 4 shows that 
gain adjustment rotates the transfer function 
about the origin and has no impact on the 
origin. Figure 5 shows that offset adjustment 
translates the transfer function along the 
Analog Output axis. Note that this changes 
the output for full-scale. The objective of the 
adjustment procedure is to fix the end points 
of the transfer function at the ideal pOints. For 
this reason the adjustment sequence must be 
to first adjust the offset and then the gain. 
Offset adjustment is accomplished by setting 
all logic inputs to a logic high ("I") and 
adjusting the offset so that the output corre
sponds to its most negative value (zero for 
unipolar outputs and full-scale for bipolar 
outputs). Gain adjustment ill accomplished by 
setting all logic inputs to a logic low ("0") and 
adjusting the gain such that the output corre
sponds to its most positive value (fullseale -1 
LSB). 



Signetics Linear Products 

12-Bit D / A Converter 

VOLTAGE MODEL OUTPUT 
CONNECTIONS 
The DAC800 voltage models have internal 
scaling resistors which provide output ranges 

Table 1. Coding Relationships 

DIGITAL INPUT 

MSB LSB CSB 

000000000000 + Full-scale 
-1 LSB 

011111111111 + 1t2 Full-scale 

100000000000 + 1t2 Full-scale 
-1 LSB 

111111111111 Zero 

Vcc 

10K I 10M CONNECT 

lOO~I~1O PIN23 

VEE 
TC147608 

Figure 1. Gain Adjust Circuit 

of 0 to +5V, 0 to +10V, ±2.5V, ±5V, and 
± 1 OV. The use of the internal resistors mini
mizes gain and offset drift since excellent 
thermal tracking with other on-chip compo-

ANALOG OUTPUT 

COB CTC 

+ Full-scale -1 LSB 
-1 LSB 

Zero -Full-scale 

-1 LSB + Full-scale 
-1 LSB 

-Full-scale Zero 

\(lCC CONNECT1O 
10K 3.9M PIN20FOR 
10 ~VMODEI.S lOOK AND PlN 15 

FOR I MODELS 

VEE 

Figure 2. Offset Adjust Circuit 

-+-

ALL 
Brrs'1' 

DlGrrAL INPUT 

GAiNADJusr 
RANGE 

-t-

ALL 
BITS '0' 

Objective Specification 

DAC800 

nents limits this effect. Figures sa, b, and c 
show the different output configurations. 

Figure 3. Offset Adjust Equivalent 
Circuit 

Figure 4. Gain Adjust Effects Figure 5. Offset Adjust Effects 
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12-Bit DjA Converter 

-I ... 
5K 

5K 18 

18 

UK 17 
UV--'llll\r-O 

15 

-=-

NOTE: 
"Connect Pin 17 to Pin 20 for ± 2.5 range and 
to ground for 0 to 5V range 

a. Connections for 0 to 5V Range and 
± 2.5V Range (V Model) 

20 --1_ 
2K ~ 

3K 

5K 18 

UK 17 
uv 

15 

20 -I ... 5K 

5K 18 

18 

UK 17 
UV~ 

15 

-=-

NOTE: 
-Connect Pin 17 to Pin 20 for ± 5V and to 
ground for 0 to 10V range 

b. Connections for 0 to 10V Range and 
± 5V Range (V Model) 

Figura 6 

--I ... 
Roo 5K 

J 
vOUTl 

reI ..... 

UV 

Objective Specification 

DAC800 

20 .-
I ... 5K 

5K 18 

18 

UK 17 
UV 

15 

reI""" 

c. Connections for ± 10V Range 
(V Model) 

,!. 
2K 18 

3K 

18 

UK 17 

15 

a. Connections for 0 to -2V Range (I Model) b. Connections for + 1V Range (I Model) 

CURRENT MODEL OUTPUT 
CONNECTIONS 
Internal resistors are provided for the current 
model which can be used with an external op 
amp or configured as a restrictive load for 
output ranges of 0 to - 2V or ± 1V. Use of 
these internal resistors Is required to maintain 
gain and bipolar offset drift specifications. 

Output ranges of 0 to -2V and ± 1V are 
obtainable with the addition of a single exter
nal resistor (exclude the gain and offset 
adjustment components). Figures 7a and b 
show the necessary connections for these 
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Figure 7 

output ranges. The Internal resistors of the 
DACBOO have wide tolerances, and the exter
nal resistor, REXT, will have to be selected for 
each unit. Nominal values will be 32.11 for the 
unipolar connection and on for the bipolar 
connection. 

The current output can also be used to drive 
the summing Junction of an external op amp 
used as a voltage-to-current converter. This 
has the advantage of faster settling time than 
the voltage model. Figure 8 shows the gener
al configuration and Table 2 lists the available 
output ranges and required connections. 
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Table 2. Current Model 
Connection for Various Output 
Ranges 

OUTPUT CONNECT 

RANGE OUT TO 19 TO 17 TO 

±10V 19 Out 15 

±5V 18 NC 15 

±2.5V 18 15 15 

o to +10V 18 NC GND 

o to +5V 18 15 GND 
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12-Bit 0/ A Converter DAC800 

20 - 2K 18 I..., 

3K OUT 

5K 18 

UK f1 
UV 

15 

Figure 8. General Configuration for Current Model Using External Op Amp 

• 
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Linear Products 

DESCRIPTION 
The. MC150a/MC140a series of a-bit 
monolithic digital-to-analog converters 
provide high-speed performance with 
low cost. They are designed for use 
where the output current is a linear 
product of an a-bit digital word and an 
analog reference voltage. 

FEATURES 
• Fast settling time - 70ns (typ) 
• Relative accuracy ± 0.19% (max 

error) 
• Non-Inverting digital Inputs are 

TTL and CMOS compatible 
• High-speed multiplying rate 

4.0mAI ps (input slew) 
• Output voltage swing +O.SV to 

-S.OV 
• Standard supply voltages + S.OV 

and -5.0V to -15V 
• Military qualifications pending 

APPLICATIONS 
• Tracking A-to-D converters 
.2h-digit panel meters and DVMs 
• Waveform synthesis 
• Sample-and-hold 
• Peak detector 
• Programmable gain and 

attenuation 
• CRT character generation 
• Audio digitizing and decoding 
• Programmable power supplies 
• Analog - digital multiplication 
• Dlgltal- digital multiplication 
• Analog - digital division 
• Digital addition and subtraction 
• Speech compression and 

expansion 
• Stepping motor drive 

• Modems 
• Servo motor and pen drivers 
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MC1508-8/1408-8/1408-! 
a-Bit Multiplying D / A Converter 
ProductSpeclflca~on 

CII:tCUIT DESCRIPTION PIN CONFIGURATIONS 
The MC150a/MC140a consists of a ref-
erence current amplifier, an R-2R ladder, F. N paCkag,. 
and a high-speed current switches. For 
many applications, only a reference re
sistor and reference voltage need be 
added. 

The switches are non-Inverting in opera
tion; therefore, a high state on the input 
turns on the specified output current 
component. 

The switch uses current steering for high 
speed, and a termination amplifier con
sisting of an active load gain stage with 
unity gain feedback. The termination 
amplifier holds the parasitic capacitance 
of the ladder at a constant voltage 
during ,switching, and provides a low 
impedance termination of equal voltage 
for all legs of the ladder. VREF(+) 

VREFC-) 

COMPEN 

10 

NOTE: 

TOP VIEW 

D Package1 

2 

3 

4 

TOP VIEW 

The R-2R ladder divides the reference 
amplifier current into binarily-related 
components, which are fed to the 
switches. Note that there is always a 
remainder current which is equal to the 
least Significant bit. This current is shunt
ed to ground, and the maximum output 
current is 255/256 of the reference 
amplifier current, or 1.992mA for a 
2.0mA reference amplifier current if the 
NPN current source pair is perfectly 
matched. 

1. so I!I!I nono81andard pinouts. 

BLOCK DIAGRAM 

MSB LSI 

AI ~ Aa A4 AS At. A7 At 

NPN CURRENT SOURCE PAIR, 

9 

co,_ 

At (LSB) 

A7 

At 
A5 

~ 

AI (MSB) 

00108108 
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Signetlcs Linear Products 

8-Bit Multiplying D / A Converter 

ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

16-Pin Cerdip -55'C to +125'C MC1508-8F 

16-Pin Plastic DI P o to +70'C MCI408-7N 

16-Pin Cerdip o to +70'C MC1408-7F 

16-Pin SO package o to +70'C MC1408-8D 

ABSOLUTE MAXIMUM RATINGS TA = +25'C, unless otherwise specified. 

SYMBOL PARAMETER 

Vec Positive power supply voltage 

VEE Negative power supply voltage 

V5 - VI2 Digital input voltage 

Vo Applied output voltage 

114 Reference current 

V14, VI5 Reference amplifier inputs 

Po Maximum power dissipation, 
T A = 25'C (still-air) I 

F package 
N package 
D package 

TSOLD Lead soldering temperature (10sec) 

TA Operating temperature range 
MC1508 
MC1408 

TSTG Storage temperature range 

NOTE: 
I. Derate above 25'C, at the following rates: 

F package at 9.5mW rc 
N package at 11.6mW rc 
o package at 8.6mW rc 

November 14, 1986 

RATING UNIT 

+5.5 V 

-16.5 V 

o to Vce V 

-5.2 to +18 V 

5.0 mA 

VEE to Vee 

1190 mW 
1450 mW 
1080 mW 

300 'C 

-55 to +125 'C 
o to +75 'C 

-65 to +150 'C 
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8-Bit Multiplying DjA Converter MC1508-8j1408-8j1408-7 

DC AND AC ELECTRICAL CHARACTERISTICS1 Pin 3 must be 3V more negative than the potential to which R15 is 
returned. 

SYMBOL PARAMETER TEST CONDITIONS 

Er Relative accuracy 
Error relative to full-

scale la, Figure 3 

To wHhin 1t2 LSB, 
ts Settling time 1 includes tpLH, 

T A = + 2SoC, Figure 4 

Propagation delay time 
tpLH Low-to-High TA = +2SoC, 
tpHL High-to-Low Figure 4 

TClo 
Output full-scale 
current drHt 

Digital input logic level 
(MSB) 

VIH High 
Figure S 

VIL Low 

Digital input current 
Figure S 

(MSB) 
IIH High VIH=S.OV 
IlL Low VIL -O.BY 

115 
Reference input bias 

Pin IS, Figure S 
current 

Figure S 
lOR Output current range Vee=-S.OV 

Vee=-7.0V to -ISV 

10 Output current Figure S 
VReF - 2.000V, 
R14= 1000n 

10(mln) Off-state All bits low 

Er <;0.19% at 
TA·= +2SoC, Figure S 

Vo 
Output voltage 

Vee --SV 
compliance 

Vee below -10V 

SRIReF 
Reference current slaw 

Figure 6 
rate 

PSRR(-) 
Output current power 

IReF= lmA supply sensitivity 

Power supply current 
Icc Positive All bits low, 
lee Negative Figure 5 

Power supply voltage 
range 

VCCR Positive TA-+25°C, 
VeER Negative Figure 5 

All bits low, Figure 5 
Po Power Dissipation VeE = -5.0Vee 

Vee=-15Vee 

NOTE: 
1. All bits switched. 
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Vcc = +S.OVoc, Vee --ISVoc, VReF = 2.0mA unless otherwise specHied. 
R14 

MC1S08: TA=-SSoC to 12SoC. MC1408: TA-O°C to 7SoC, unless other
wise noted. 

MC1508-8 MC1408-8 MCl408-7 
UNIT 

Min Typ Max Min Typ Max Min Typ Max 

±0.19 ±0.19 ±0.39 % 

70 70 70 ns 

3S 100 3S 100 3S 100 ns 

-20 -20 -20 ppm'oC 

2.0 
0.8 

2.0 
0.8 

2.0 
0.8 Voc 

0 0.04 0 0.04 0 0.04 
mA 

-0.4 -0.8 -0.4 -0.8 -0.4 -0.8 

-1.0 -S.O -1.0 -S.O -1.0 -S.O jJA 

0 2.0 2.1 0 2.0 2.1 0 2.0 2.1 
mA 

0 2.0 4.2 0 2.0 4.2 0 2.0 4.2 

1.9 1.99 2.1 1.9 1.99 2.1 1.9 1.99 2.1 rnA 

0 4.0 0 4.0 0 4.0 jJA 

-0.6, -O.SS, -0.6, -O.SS, -0.6, -O.SS, 
Vee +10 +O.S +10 +O.S +10 +0:5 

-S.5, -S.O, -S.5, -S.O, -5.S, -5.0, 
+10 +0.5 +10 +O.S +10 +0.5 

8.0 8.0 8.0 mAlps 

O.S 2.7 O.S 2.7 O.S 2.7 jJA/V 

+2.S +22 +2.S +22 +2.S +22 
mA 

-6.S -13 -'-6.S -13 -6.5 -13 

+4.S +5.0 +5.5 +4.5 +5.0 +S.5 +4.5 +5.0 +5.5 
Vee -4.5 -15 -16.5 -4.5 -15 -16.5 -4.5 -15 -16.5 

34 170 34 170 34 170 
mW 

110 305 110 305 110 305 

5-132 



Signetics Linear Products 

8-Bit Multiplying D/A Converter 

TYPICAL PERFORMANCE 
CHARACTERISTICS 

D· .... A TRANSFER CHARACTERISTICS 

0 

....... 
I"---.t-... 

r--.. 
....... 

(OOOOOOOO) INPUT DIGITAL WORD (11111111) 
0""""" 

FUNCTIONAL DESCRIPTION 

Reference Amplifier Drive and 
Compensation 
The reference amplifier input current must 
always flow into Pin 14 regardless of the 
setup method or reference supply voltage 
polarity. 

Connections for a positive reference voltage 
are shown in Figure 1. The reference voltage 
source supplies the full reference current. For 
bipolar reference signals, as in the multiplying 
mode, R 15 can be tied to a negative voltage 
corresponding to the minimum input level. 
R15 may be eliminated and Pin 15 grounded, 
with only a small sacrifice in accuracy and 
temperature drift. 

The compensation capacitor value must be 
increased with increasing values of R14 to 
maintain proper phase margin. For R14 values 
of 1.0, 2.5, and 5.0kn, minimum capacitor 
values are 15, 37, and 75pF. The capacitor 
may be tied to either VEE or ground, but using 
VEE increases negative supply rejection. 
(Fluctuations in the negative supply have 
more effect on accuracy than do any changes 
in the positive supply). 

A negative reference voltage may be used if 
R14 is grounded and the reference voltage is 
applied to R15, as shown in Figure 2. A high 
input impedance is the main advantage of this 
method. The negative reference voltage must 
be at least 3.0V above the VEE supply. Bipolar 
input signals may· be handled by connecting 
R14 to a positive reference voltage equal to 
the peak positive input level at Pin 15. 

Capacitive bypass to ground is recommended 
when a DC reference voltage is used. The 
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5.0V logic supply is not recommended as a 
reference voltage, but if a well regulated 5.0V 
supply which drives logic is to be used as the 
reference, R14 should be formed of two 
series resistors and the junction of the two 
resistors bypassed with 0.1 /IF to ground. For 
reference voltages greater than 5.0V, a clamp 
diode Is recommended between Pin 14 and 
ground. 

If Pin 14 is driven by a high impedance such 
as a transistor current source, none of the 
above compensation methods apply and the 
amplifier must be heavily compensated, de
creasing the overall bandwidth. 

Output Voltage Range 
The voltage at Pin 4 must always be at least 
4.5V more positive than the voltage of the 
negative supply (Pin 3) when the reference 
current is 2mA or less, and at least 8V more 
positive than the negative supply when the 
reference current is between 2mA and 4mA. 
This is necessary to avoid saturation of the 
output transistors, which would cause serious 
degradation of accuracy. 

Signetics' MC1508/MC1408 does not need a 
range control because the design extends the 
compliance range down to 4.5V (or 8V - see 
above) above the negative supply voltage 
without significant degradation of accuracy. 
Signetics' MC1508/MC1408 can be used in 
sockets designed for other manufacturers' 
MC1508/MCI408 without circuit modifica
tion. 

Output Current Range 
Any time the full-scale current exceeds 2mA, 
the negative supply must be at least 8V more 
negative than the output voltage. This is due 
to the increased internal voltage drops be
tween the negative supply and the outputs 
with higher reference currents. 

Accuracy 
Absolute accuracy is the measure of each 
output current level with respect to its intend
ed value, and is dependent upon relative 
accuracy, full-scale accuracy and full-scale 
current drift. Relative accuracy is the measure 
of each output current level as a fraction of 
the full-scale current after zero-scale current 
has been nulled out. The relative accuracy of 
the MC1508/MCI408 is essentially constant 
over the operating temperature range be
cause of the excellent temperature tracking 
of the monolithic resistor ladder. The refer
ence current may drift with temperature, 
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causing a change in the absolute accuracy of 
output current; however, the MC15081 
MC1408 has a very low full-scale current drift 
over the operating temperature range. 

The MC1508/MCI408 series is guaranteed 
accurate to within ± 1'2 LSB at + 25°C at a full
seale output current of 1.99mA. The relative 
accuracy test circuit is shown in Figure 3. The 
12-bit converter is calibrated to a full-scale 
output current of 1.99219mA; then the 
MC1508/MC1408's full-scale current is 
trimmed to the same value with R14 so that a 
zero value appears at the error amplifier 
output. The counter is activated and the error 
band may be displayed on the oscilloscope, 
detected by comparators, or stored in a peak 
detector. 

Two 8-bit D-to-A converters may not be used 
to construct a 16-bit accurate D-to-A convert
er. 16-bit accuracy implies a total of ± 1t2 part 
in 85,536, or ± 0.00076%, which is much 
more accurate than the ± 0.19% specification 
of the MC1508/MC1408. 

Monotonlclty 
A monotonic converter is one which always 
provides an analog output greater than or 
equal to the preceding value for a corre
sponding increment in the digital input code. 
The MC1508/MC1408 is monotonic for all 
values of reference current above 0.5mA. 
The recommended range for operation is a 
DC reference current between 0.5mA and 
4.0mA. 

Settling Time 
The worst case switching condition occurs 
when all bits are switched on, which corre
sponds to a low-ta-high tranSition for all input 
bits. This time is typically 70ns for settling to 
within 1t2 LSB for 8-bit accuracy. This time 
applies when RL < 500n and Co < 25pF. The 
slowest Single switch is the least significant 
bit, which typically turns on and settles in 
65ns. In applications where the D-to-A con
verter functions in a positive going ramp 
mode, the worst-case condition does not 
occur and settling times less than 70ns may 
be realized. 

Extra care must be taken in board layout 
since this usually is the dominant factor in 
satisfactory test results when measuring set
tiing time. Short leads, l00/lF supply bypess
ing for low frequencies, minimum scope lead 
length, good ground planes, and avoidance of 
ground loops are all mandatory. 

I 
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8-Bit Multiplying 0/ A Converter MC 1508-8/1408-8/1408-7 
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8-Bit Multiplying D / A Converter MC 1508-8/1408-8/1408-7 

"l. 

DIGITAL 
INPUTB 
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VEE 
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- O.4V 
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SETTLING TIME MEASUREMENT 
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Figure 4. Transient ReBponae and Settling Time 
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Figure 5. Notation Definitions 
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DESCRIPTION 
The MC3410 series are 10-bit Multiply
ing Digital-ta-Analog Converters. They 
are capable of high-speed performance, 
and are used as general-purpose build
ing blocks in cost-effective 01 A sys
tems. 

The Signetics' design provides complete 
10-bit accuracy without laser trimming, 
and guaranteed monotonicity over tem
perature. Segmented current sources, in 
conjunction with an R-2R DAC provides 
the binary weighted currents. The output 
buffer amplifier and voltage reference 
have been omitted to allow greater 
speed, lower cost, and maximum user 
flexibility. 

FEATURES 
• 10-blt resolution and accuracy 

(±0.05%) 

• Guaranteed monotonlclty over 
temperature 

• Fast settling time - 250ns typical 

BLOCK DIAGRAM 

November 14, 1986 

MC3410, MC3510, 
MC3410C 
10-Bit High-Speed Multiplying 
0/ A Converter 
Product Specification 

• Digital Inputs are TTL and CMOS 
compatible 

• Wide output voltage compliance 
range 

• High-speed multiplying input slew 
rate - 20mAl iJ8 

• Reference amplifier Internally
compensated 

• Standard supply voltages + 5V 
and -15V 

APPLICATIONS 
• Successive approximation AID 

converters 
• High-speed, automatic test 

equipment 

• High-speed modems 
• Waveform generators 
• CRT display. 
• Strip CHART and X-Y plotters 
• Programmable power supplies 
• Programmable gain and 

attenuation 

MS. 

V.EF<+)~II~;::=::::::;:-tl ..... -....., 

VEE GND 
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Signetics Unear Products Product Specification 

i0-Bit High-Speed Multiplying 
D / A Converter 

MC34i0, MC35i0, MC34i0C 

ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

16-Pin Cerdip o to +70'C MC341OF 

16-Pin Cerdip o to +70'C MC3410CF 

16-Pin Cerdip -55'C to + 125'C MC3510F 

ABSOLUTE MAXIMUM RATINGS TA = + 25'C unless otherwise noted 

SYMBOL PARAMETER RATING UNIT 

Vee Power supply +7.0 Voc 
VEE -18 Voc 

VI Digital input voltage +15 Vee 

Vo Applied output voltage 0.5, -5.0 Vee 

IREF(tS) Reference current 2.5 rnA 

VREF Reference amplifier inputs Vee, VEE Vee 

VREF(e) Reference amplifier differential inputs 0.7 Voc 

TA Operating ambient temperature range 
MC351 0 -55 to +125 'C 
MC3410, 3410C o to +10 'c 

TJ 
Junction temperature, ceramic 
package +150 'c 

Pe Maximum power dissipation, 
T A = 25'C (still-air) t 

F package 1190 mW 

NOTE: 
1. Derate above 2S'C, at the following rates: 

F package at 9.SmW /'C 
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10-Bit High-Speed Multiplying 
0/ A Converter 

Product Specification 

MC3410. MC3510. MC3410C 

VREF DC AND AC ELECTRICAL CHARACTERISTICS vee - + 5.0Voc, VEE - -150c, - =2.0mA, all digi1a1 inputs at high 
logic level. R16 

SYMBOL PARAMETER 

Relative accuracy 
E, 

(error relative to full-scale 10) 

TCE, 
Relative accuracy drift 
(relative to full-scale 10) 

Monotonicity 

Is 
Settling time to within ± 1t2 LSB 
(all bits LOW-to-HIGH) 

tpLH Propagation delay time 
tpHL 

TClo Output full scale current drift 

Digital input logic levels (all b~s) 
VIH HIGH-level, Logic "I" 

LOW-level, Logic "0" 

Digital input current (all bits) 
IIH HIGH-level, VIH - 5.5V 
IlL LOW-level, VIL = 0.8V 

IREF(15) Reference input bias current (Pin 15) 

lOR Output current range 

10H Output current (all bits high) 

10L Output current (all bits low) 

Vo Output voltage compliance 

SR IREF Reference amplifier slew rate 

ST IREF Reference amplifier settling time 

PSRRH Output current power supply sensitivity 

Co Output capaci1ance 

CI 
Digital input capacitance 
(all bits high) 

lee Power supply current 
lEE (all bits low) 

Vee Power supply voltage range 
VEE 

Power consumption 
(all bits low) 
(all bits high) 

November 14, 1986 

MC3510: TA --55°C to + 125°C, MC3410 Series: TA=O°C to + 70°C, 
unless otherwise noted. 

MC3410, MC3S10 MC3410C 
TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

±0,05 ±0.1 % 
TA" 25°C 

"'14 1t2 LSB 

2.5 2.5 ppml"C 

Over temperature 10 10 Bits 

TA - 25°C 250 250 ns 

TA = 25°C 
35 35 
20 20 

ns 

60 70 ppm/DC 

2.0 2.0 Voc 
0.8 0.8 

+.04 +.04 mA 
-0.05 -0.4 -0.05 -0.4 

-1.0 -5.0 -1.0 -5.0 p.A 

4.0 5.0 4.0 5.0 mA 

VREF = 2.000V, 3.8 3.996 4.2 3.8 3.996 4.2 mA 
R16- 1000n 

TA = 25°C 0 2.0 0 4.0 p.A 

TA = 25°C 
-2.5 -2.5 

Voc +0.2 +0.2 

20 20 mAlIJS 

o to 4.0mA, ±0.1% 2.0 2.0 IJS 

0.003 o.ot 0.003 0.02 %/% 

Vo·O 25 25 pF 

4.0 4.0 pF 

+18 +18 
rnA 

-11.4 -20 -11.4 -20 

TA = 25°C 
+4.75 +5.0 +5.25 +4.75 +5.0 +5.25 

Voc -14.25 -15 -15.75 -14.25 -15 -15.75 

220 380 220 380 mW 
200 200 
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i0-Bit High-Speed Multiplying 
D / A Converter 

4.0 
II 1 1 .. 3.0 s-
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Figure 1. Output Current vs Output Compliance Voltage 
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Figure 3. Power Supply Current vs Temperature 
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MC34i0, MC35i0, MC3410C 
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Signetics Unear Products Product Specification 

10-Bit High-Speed Multiplying 
D / A Converter 

MC3410, MC3510, MC3410C 

CIRCUIT DESCRIPTION 
The MC3410 consists of four segment cur
rent sources which generate the two most 
significant bits (MSBs), and an R-2R DAC 
implemented with ion-implanted resistors for 
scaling the remaining eight least significant 
bits (LSBs) (See Figure 5). This approach 
provides complete 10-bit accuracy without 
trimming. 

The individual bit currents are switched ON or 
OFF by fully differential current switches. The 
switches use current steering for speed. 

An on-chip high-slew reference current ampli
fier drives the R-2R ladder and segment 
decoder. The currents are scaled in such a 
way that, with all bits on, the maximum output 
current is two times 1023/1024 of the refer
ence amplifier current, or nominally 3.996mA 
for a 2.000mA reference input current. The 
reference amplifier allows the user to provide 
a voltage input. Out-board resistor R' 6 (see 
Figure 6) converts this voltage to a usable 
current. A current mirror doubles this. refer
ence current and feeds it to the segment 

(11) 

(4) 
MSI 
D, 

(5) 
D, 

+0---. ..... -------, 

v .. , 

(15) 

November 14, 1986 

decoder and resistor ladder. Thus, for a 
reference voltage of 2.0V and a 1 kn resistor 
tied to Pin 16, the full-scale current is approxi
mately 4.0mA. This relationship will remain 
regardless of the reference voltage polarity. 

Connections for a positive reference voltage 
are shown in Figure 6a. For negative refer
ence voltage inputs, or for bipolar reference 
voltage inputs in the multiplying mode, R 15 

can be tied to a negative voltage correspond
ing to the minimum input level. For a negative 
reference input, R16 should be grounded 
(Figure 6b). In addition, the negative voltage 
reference must be at least 3V above the VEE 
supply voltage for best operation. Bipolar 
input signals may be handled by connecting 
R'6 to a positive voltage equal to the peak 
positive input level at Pin 15. 

When a DC reference voltage is used, capaci
tive bypass to ground is recommended. The 
5V logic supply is not recommended as a 
reference voltage. If a well regulated 5.0V 
supply, which drives logic, is to be used as 
the reference, R'6 should be decoupled by 

2R 

(I) 
D. 

R 

2R 

(7) 
D. 

R 

(I) 
D. 

2R 

R 

(I) 
Do 

2R 

R 

(10) 
D, 

2R 

R 

connecting it to the + 5.0V logic supply 
through another resistor and bypassing the 
junction of the two resistors with a 0.1 p.F 
capacitor to ground. 

The reference amplifier is internally-compen
sated with a 10pF feed-forward capacitor, 
which gives it its high slew rate and fast 
settling time. Proper phase margin is main
tained with all possible values of R16 and 
reference voltages which supply 2.0mA refer
ence current into Pin 16. The reference 
current can also be supplied by a high imped
ance current source of 2.0mA. As R'6 in
creases, the bandwidth of the amplifier de
creases slightly and settling time increases. 
For a current source with a dynamic output 
impedance of 1.0M!2, the bandwidth of the 
reference amplifier is approximately half what 
it is in the case of R'6 = 1.0kn, and settling 
time is '" 1 0j.lS. The reference amplifier phase 
margin decreases as the current source value 
decreases in the case of a current source 
reference, so that the minimum reference 
current supplied from a current source is 
0.5mA for stability. 

(11) 
D. 

2R 

R 

(12) 

Do 

2R 

(13) 
LSB D,. 

2R 

OND 
(2) 

VIlAS 
(INTERNAL) 

CODE SELECTED 0111110011 

VO(1) 

Figure 5. MC3410 Equivalent Circuit 
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i0-Bit High-Speed Multiplying 
0/ A Converter 

MC34i0, MC35i0, MC34i0C 

RT 

Vee 

0, THROUGH I 
0,. 

VEE 

RlI 
':" 

R" 

R,. + AT = Au = RAEF 
RT < < At. 
10 F.S. = 2 IR -= VREF/RREF 

L Positive Reference Voltage 

16 

0, THROUGH I 
D,o 3410 

A,s+ R,_ A,. 
AT < < AtS 
VREF O! VEE + 3V 

b. Negative Reference Voltage 

Figure 6. Basic Connections 

OUTPUT VOLTAGE 
COMPLIANCE 
The output voltage compliance ranges from 
-2.5 to +0.2V. As shown in Figure 2, this 
compliance range is nearly constant over 
temperature. At the temperature extremes, 
however, the compliance voltage may be 
reduced if VEE> -15V. 

ACCURACY 
Absolute accuracy is a measure of each 
output current level with respect to its intend-

November 14, 1986 

ed value. It is dependent upon relative accu
racy and full-scale current drift. Relative accu
racy, or linearity, is the measure of each 
output current with respect to its intended 
fraction of the full-scale current. The relative 
accuracy of the MC3410 is fairly constant 
over temperature due to the excellent tem
perature tracking, of the implanted resistors. 
The full-scale current from the reference 
amplifier may drift with temperature causing a 
change in the absolute accuracy. However, 
the MC3410 has a low full-scale current drift 
with temperature. 

5·141 

The MC3510 and the MC3410 are accurate 
to within ± 0.05% at 25°C with a reference 
current of 2.0mA on Pin 16. 

MONOTONICITY 
The MC341 0, MC3510 and MC3410C are 
guaranteed monotonic over temperature. 
This means that for every increase in the 
input digital code, the output current either 
remains the same or increases but never 
decreases. In the multiplying mode, where 
reference input current will vary, monotonicity 
can be assured if the reference input current 
remains above 0.5mA. 

SETTLING TIME 
The worst-case switching condition occurs 
when all bits are switched .. on," which corre
sponds to a low-ta-high transition for all bits. 
This time is typically 2SOns for the output to 
settle to within ± ~ LSB for 10-bit accuracy, 
and 200ns for 8-bit accuracy. The tum-off 
time is typically 120ns. These times apply 
when the output swing is limited to a small 
( < 0.7V) swing and the external output ca
pacitance is under 25pF. 

The major carry (MSB off-ta-on, all others on
to-off) settles in approximately the same time 
as when all bits are switched off-to-on. 

If a load resistor of 825n is connected to 
ground, allowing the output to swing to -2.5V, 
the settling time increases to 1.5j1S. 

Extra care must be taken in board layout as 
this is usually the dominant factor in satisfac
tory test results when measuring settling time. 
Short leads, 100llF supply bypassing, and 
minimum scope lead length are all necessary. 

A typical test setup for measuring settling 
time is shown in Figure 7. The same setup for 
the most part can be used to measure the 
slew rate of the reference amplifier (Figure 9) 
by tying all data bits high, pulsing the voltage 
reference input between 0 and 2V, and using 
a SOOn load resistor RL. 

I 
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i0-Bit High-Speed Multiplying 
D / A Converter 
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O.1 .. F 
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Figure 7. Settling Time 
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Product Specification 

MC34i0, MC35i0, MC34i0C 

RISE AND FALL TIMES :!i 10ns 
2.4V 

V, 

O.4Vc:=+---------

o.svH 

Vo 0 ~ I. _ 25Ono TYPICAL 

Vo 

V, 

TO ~ 112 LSB 

USE RL TO GND FOR TURN·OFF MEASUREMENT 

FOR SETTLING TIME 
MEASUREMENT. 

(ALL BIT SWITCHED 
LOW TO HIGH) 

RISE ANO fALL TIMES :5 10ns 
2.4V 

O.4V r::::::..jf.--______ +=-_ 

OV 

-80mVL--++~------------_1 

FOR PROPAGATION 
DELAY TIME 

Figure 8. Propagation Delay Time 
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i0-Bit High-Speed Multiplying 
D / A Converter 

Vee 

O.1,.F 

1. 
14 

4 11 1k 

5 

15 1k 

MC35101 

• MC3410 

r-o--..... -~-oVo 

I ,,25pF 

VE. 

Product Specification 

MC34i0, MC35i0, MC34i0C 

z.OVI 
V.EFI+) o~-I---------

O.sVh 
Vo U SLEW RATE 

o V t •• 2", TYPICAL 
TO :00.1% 

USE RL. 200 TO GND FOR 
SLEW RATE MEASUREMENT 

Figure 9. Reference Amplifier Settling Time and Slew Rate 

TYPICAL APPLICATIONS 

November 14, 1986 

5--------~ (
! 

,p 4----------1 

BUS ~::--:=--:=_ -~=~ -:=_ -:=_ -:=_ -:=_ -:=_ -:~; 
-tr---t--...+--1 

CONTROL {q:::~~~~::::~~::~~_, SIGNAL 
FROM,P E 

E,----f 

q ---+---+-! 
DATA 

1a.BIT 
DAC 

(MC3410) 

THE VALID DATA WILL BE LATCHED TO THE DAe UNTIL UPDATED WITH E, PULSE. 
TIMING WILL DEPEND ON THE PROCESSOR USED. 

Figure 10. Interfacing 1D-Blt DAC With a-Bit Microprocessor 
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DESCRIPTION 
The NE5018 is a complete 8-bit digital
to-analog converter subsystem on one 
monolithic chip. The data inputs have 
input latches which are controlled by a 
latch enable pin. The data and latch 
enable inputs are ultra-low loading for 
easy interfacing with all logic systems. 
The latches appear transparent when 
the LE input is in the low state. When LE 
goes high, the input data present at the 
moment of transition is latched and re
tained until LE again goes low. This 
feature allows easy compatibility with 
most microprocessors. 

The chip also comprises a stable voltage 
reference (5V nominal) and high slew 
rate buffer amplifier. The voltage refer
ence may be externally trimmed with a 
potentiometer for easy adjustment of 
full-scale while maintaining a low tem
perature coefficient. 

The output of the buffer amplifier may be 
offset SO as to provide bipolar as well as 
unipolar operation. 

BLOCK DIAGRAM 

October 10, 1986 

NEjSE5018 
a-Bit /JP-Compatible D / A 
Converter 
Product Specification 

FEATURES 
• 8-blt resolution 
• Input latches 
• Low-loading data Inputs 
• On-chlp voltage reference 
• Output buffer amplifier 
• Accurate to ± l'z LSB (0.19%) 
• Monotonic to 8 bits 
• Amplifier and reference both 

short-circuit protected 
• Compatible with 8085, 6800 and 

many other IlPs 

APPLICATIONS 
• Precision 8-blt DI A converters 
• AID converters 
• Programmable power supplies 
• Test equipment 
• Measuring Instruments 
• Analog - digital multiplication 

(1, 
(91 (I) (7) fe) (51 (4) (3) (2) DHJITAL 

DB7 DB6D85 D84 083 De2 081 010 GND 

Lsa 

PIN CONFIGURATIONS 

F, N Packages 

D Package' 

NOTE: 
,. SOL IIllI non .. _ pinout. 

ANALOG .... 

AMP. COMP. 

SUM NODI! 

YOUT 

Ne 

-Yee 

DACCOMP. 
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8-Bit IlP-Compatible D j A Converter 

ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE 

22-Pin Cerdip o to +70'C 

22-Pin Cerdip -55'C to + 125'C 

22-Pin Plastic DIP o to +70'C 

22-Pin Plastic DIP -55'C to + 125'C 

24-Pin SO Package o to +70'C 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Vcc+ Positive supply voltage 

Vee- Negative supply voltage 

VIN Logic input voltage 

VREF IN Voltage at VREF input 

VREFADJ Voltage at VREF adjust 

VSUM Voltage at sum node 

IREF sc Short-circuit current to ground at VREF OUT 

IOUTSC Short-circuit current to ground or either 
supply at VOUT 

PD Maximum power dissipation, T A = 25'C 
(still-air)l 

F package 
N package 
D package 

TA Operating temperature range 
SE5018 
NE5018 

TSTG Storage temperature range 

TSOLD Lead soldering temperature 
(10 seconds) 

NOTES: 
1. Derate above 25°C at the following rates: 

F package at 13.9mWI'C. 
N package at 17.5mWI'C. 
D package at 12.BmW I'C. 

October 10, 1986 

ORDER CODE 

NE5018F 

SE5018F 

NE5018N 

SE5018N 

NE5018D 

RATING UNIT 

18 V 

-18 V 

o to 18 V 

12 V 

o to VREF V 

12 V 

Continuous 

Continuous 

1740 mW 
2190 mW 
1600 mW 

-55 to + 125 'C 
o to +70 'C 

-65 to + 150 'C 

300 'C 
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8-Bit j.lP-Compatible D / A Converter NE/SE5018 

DC ELECTRICAL CHARACTERISTICS Vcc+ =+15V, Vcer= -15V, SE5018. -55°C';;;TA';;;125°C, NE5018. 
DoC';;; T A .;;; 70°C, unless otherwise specified. 1 Typical values are specified at 25°C. 

SE5018 NE5018 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Resolution 8 8 B 8 8 B Bits 
Monotonicity 8 8 8 8 8 8 Bits 
Relative accuracy to.19 to.19 %FS 

Vcc+ Positive supply voltage 11.4 15 11.4 15 V 
Veer Negative supply voltage -11.4 -15 -11.4 -15 V 

VIN(I) Logic "1" input voltage Pin 1 =OV 2.0 2.0 V 
VIN(O) Logic "0" input voltage Pin 1 =OV 0.8 0.8 V 

IIN(I) Logic "1" input current Pin 1 = OV, 0.1 10 0.1 10 p.A 

I 2V < VIN < lBV 
IIN(O) Logic "0" input current Pin 1 = OV, -2.0 -10 -2.0 -10 p.A 

-5V < VIN < O.BV 

VFS Full-scale output Unipolar mode, 9.50 10.5 9.50 10.5 V 
VREF = 5.000V, 
all bits high, T A = 25°C 

+VFS Full-scale output Bipolar mode, 4.75 5.25 4.75 5.25 V 
VREF = 5.000V 
all bits high, T A = 25°C 

-VFS Negative full scale Bipolar mode, -5.25 -4.75 -5.25 -4.75 V 
V REF = 5.000V, 
all bits low, T A = 25°C 

Vzs Zero-scale Output Unipolar mode, -30 +30 -30 +30 mV 
VREF = 5.000V 
all bits low, T A = 25°C 

los Output short circuit current TA = 25°C 15 40 15 40 mA 
VOUT= OV 

PSR+(OUT) Output power supply V- = -15V, 0.001 0.01 0.001 0.01 %FS 
rejection (+) 13.5V';;;V+ ';;;lS.5V, %VS 

external VREF IN = 5.000V 
PSR-(OUT) Output power supply V+=-15V, 0.001 0.01 0.001 0.01 %FS 

rejection (-) -13.5V';;; V- ';;;-lS.5V, %VS 
external VREF IN = 5.000V 

TCFS Full-scale temperature VREF IN = 5.000V 20 20 ppml"C 
coefficient 

TCzs Zero-scale temperature 5 5 ppml"C 
coefficient 

IREF Reference output current 3 3 mA 
IREFse Reference short circuit current TA = 250C 8 15 30 15 30 mA 

VREF OUT = OV 

PSR+(REF) Reference power supply V- = -15V, 0.003 0.01 0.003 0.01 %VR/%VS 
rejection (+) 13.5V';;;V+ ';;;1S.5V, 

IREF = 1.0mA 
PSR-(REF) Reference power supply V+ =-15V, 0.003 0.01 0.003 0.01 %VR/%VS 

rejection (-) -13.5V';;; V-.;;; lS.5V, 

VREF Reference voltage IREF = 1.0mA T A = 25°C 4.9 5.0 5.25 4.9 5.0 5.25 V 
TCREF Reference voltage temperature IREF = 1.0mA SO 60 ppml"C 

coefficient 

ZIN DAC VREF IN input impedance IREF = 1.0mA, T A = 25°C 4.15 5.0 5.B5 4.15 5.0 5.85 kn 
lec+ Positive supply current Vee+ = 15V 7 14 7 14 mA 
leer Negative supply current Veer =-15V -10 -15 -10 -15 mA 

PD Power dissipation IREF = 1.0mA, Vee = t 15V 255 435 255 435 mW 

NOTE: 
1. Refer to Figure 2. 
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8-Bit /JP-Compatible D / A Converter NE/SE5018 

AC ELECTRICAL CHARACTERISTICS 1 Vce = ± 15V, T A = 25°C. 

NE/SE5018 
SYMBOL PARAMETER TO FROM TEST CONDITIONS UNIT 

Min Typ Max 

tSLH Settling time ± 1.12 LSB Input All bits low-to-high2 1.8 fls 
tSHL Settling time ± 1.12 LSB Input All bits high-to-low3 2.3 fls 

tpLH Propagation delay Output Input All bits switched low-to-high2 300 ns 
tpHL Propagation delay Output Input All bits switched high-to-low3 150 ns 
tpLSB Propagation delay Output Input 1 LSB change2. 3 150 ns 
tpLH Propagation delay Output IT Low-to-high transition4 300 ns 
tpHL Propagation delay Output IT High-to-Iow transition5 150 ns 

ts Setup time LE Input 1. 6 100 ns 
tH Hold time Input IT 1, 6 50 ns 
tpw Latch enable pulse width 1. 6 150 ns 

NOTES: 
1. Refer to Figure 3. 
2. See Figure 6. 
3. See Figure 7. 
4. See Figure 8. 
5. See Figure 9. 
6. See Figure 10. 
7. For reference currents> 3mA, use of an external buffer is required. 

I 
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8-Bit pP-Compatible 0/ A Converter NE/SE5018 

Figure 2. DC Parametric Test Configuration 

Figure 5. Bipolar Output Operation (- 5 to + 5V) 

OAT. f 
_---J f--TSLH .1 r,L --------!.loll ____ _ __ 

I-.... H-1' 
Ov _______ _ 

OUTPIIT 

Lf eo L 

Figure 3. AC Parametric Test Configuration 
Figure 6. Settling Time and Propagation Delay. 

Low-ta-Hlgh Data 

'OK S-""'V'v-o--f 
'OT .. 

.oy 

\ I-"---T .... ------:--I -

----~- ----

"-L -+~ 
WF15410S 

Figure 7. Settling Time And Propagation Delay. 
Hlgh-ta-Low Data 

Figure 4. Full-lZero·Scale AdJust - Unipolar Output (0 - 10V) 
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8-Bit ~P-Compatible D / A Converter NE/SE5018 

DATA DATA 

\~-- \'------
1- ..... --1 

OUTPUT 

lOY 

!-- ..... --j 

--~ OUTPUT 

ov 

WF1""" WF1548OE1 

Figura 8. Propagation Delay, Latch Enable to Output Figure 9. Propagation Delay, Latch Enable to Output 

I 

Figura 10. Latch Enable Pulae Width, Setup And Hold Tlmea 
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DESCRIPTION 
The NE5019 is a complete B-bit digital
to-analog converter sub-system on one 
monolithic chip. The data inputs have 
input latches, controlled by a latch en
able pin. The data and latch enable 
inputs are ultra-low loading for easy 
interfacing with all logic systems. The 
latches appear transparent when the LE 
input is in the low state. When LE goes 
high, the input data present at the mo
ment of transition is latched and retained 
until LE again goes low. This feature 
allows easy compatibility with most 
microprocessors. 

The chip also comprises a stable voltage 
reference (5V nominal) and a high slew 
rate buffer amplifier. The voltage refer
ence may be externally trimmed with a 
potentiometer for easy adjustment of 
full-scale, while maintaining a low tem
perature coefficient. 

The output of the buffer amplifier may be 
offset so as to provide bipolar as well as 
unipolar operation. 

ORDERING INFORMATION 

NEjSE5019 
a-Bit IlP-Compatible 
D / A Converter 
Product Specification 

FEATURES PIN CONFIGURATION 
• 8-bit resolution 
• Input latches 
• Low-loading data inputs 
• On-chip voltage reference 
• Output buffer amplifier 
• Accurate to ± t4 LSB (0.1 %) 

• Monotonic to 8 bits 
• Amplifier and reference both 

short-circuit protected 

• Compatible with 8085, 6800 and 
many other !.IPS 

APPLICATIONS 
• Precision 8-bit DI A converters 

• AID converters 
• Programmable power supplies 

• Test equipment 
• Measuring instruments 
• Analog - digital multiplication 

F, N Packages 

TOP VIEW 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

22-Pin Cerdip -55·C to + 125·C SE5019F 

22·Pin Cerdip o to +70·C NE5019F 

22-Pin Plastic DIP o to +70·C NE5019N 
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a-Bit lIP-Compatible 0/ A Converter 

BLOCK DIAGRAM 

(19) 

Vee· 

(13) V~~~o--~r---< 

15. 5. 
(12) V:;~o-'Y'I\,-+-___ --' 

5. 

(141 VA~:o-,,,,,,,,",,,5K,,,,",r--____ ....., 

SK 

Vee
(11) 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 
Vcc+ Positive supply voltage 

Vcc- Negative supply voltage 

VI Logic input voltage 

VREF IN Voltage at VREF input 

VREF ADJ Voltage at VREF adjust 

VSUM Voltage at sum node 

IREF SC 
Short-circuit current to ground 
at VREF OUT 

IOUTSC 
Short-circuit current to ground or 
either supply at VOUT 

Po Maximum power dissipation, 
T A = 25'C, (still-air) 1 

F package 
N package 

TA Operating temperature range 
SE5019 
NE5019 

TSTG Storage temperature range 

TSOLD 
Lead soldering temperature 
(10 seconds) 

NOTE: 
I. Derale above 25'C al Ihe follOWing rales: 

F package al 13.9mW rc. 
N package al 17.5mW/'C. 

October 10, 1986 

(8) (7) (61 (S) (4) (3) (2l 
086 085 OB4 083 DB2 081 DBO 

LATCHES AND 
SWITCH DRIVERS 

OAC SWITCHES 

RATING 
18 

-18 

o to 18 

12 

o to VREF 

12 

Continuous 

Continuous 

1740 
2190 

-55 to +125 
o to +70 

-65 to +150 

300 

5·151 

LSB 

J 
OAe CURRENT 
OUTPUT 

UNIT 
V 

V 

V 

V 

V 

V 

mA 

mA 

mW 
mW 

'c 
'c 
'c 
·C 

1" 
DIGITAL 

GND 

5. 

Product Specification 

NE/SE5019 

r--------<l SUM NODE (20) 

5. 

>-+---oVOUT (18) 

'-------o~~~P. (21) 

~-------o ~~~~OG (22) 
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Signetics Unear Products Product Specification 

8-BifJ,LP-Compafible D / A Converter NE/SE5019 

DC ELECTRICAL CHARACTERISTICS vcc+ =+15V, vcc- =-15V, SE5019. _55°C <;TA<; 125°C, NE5019. 009<;TA<; 
70°C, unless otherwise specified.1 Typical values are specified at 25°C. ' 

SE5019 NE5GI9 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Resolution 8 8 8 8 8 8 Bits 
Monotonicity 8 8 8 8 8 8 Bits 
Relative aocuracy ±0.1 ±0.1 %FS 

Vcc+ Positive supply voltage 11.4 15 11.4 15 V 
Vc;cr Negative supply voltage -11.4 -15 -11.4 -15 V 

VIN(1) Logic "I" input voltage Pin 1 =OV 2.0 2.0 V 
VIN(O) Logic "0" input voltage Pin 1 =OV 0.8 0.8 V 

IIN(1) Logic "I" input current 
Pin 1 =OV, 

0.1 10 0.1 10 jJA 
2V<VIN < 18V 

IIN(O) Logic "0" Input current 
Pin 1 =OV, 

-2.0 -10 -2.0 -10 jJA 
-5V < VIN < 0.8V 

Unipolar mode, 
VFS Full-scale output VREF - 5.000V, all bits 9.5 10.5 9.5 10.5 V 

high, T A - 25°C 

Bipolar mode, 
+VFS Full-scale output VREF - 5.000V, all bits 4.75 5.25 4.75 5.25 V 

high, T A = 25°C 

Bipolar mode, 
-VFS Negative full-scale VREF - 5.000V, all bits -5.25 -4.75 -5.25 -4.75 V 

low, TA - 25°C 

Unipolar mode, 
Vzs Zero-scale output VREF - 5.000V, all bits -30 +30 -30 +30 mV 

low, T A = 25°C 

los Output short circuit current TA - 25°C 15 40 15 40 mA 
VOUT=OV 

PSR+(out) Output power supply rejection 
V- =-15V, 

13.5V<;V+ <;16.5V, 0.001 0.01 0.001 0.01 %FS/%VS 
(+) 

external VREF IN = 5.000V 

PSR-(out) Output power supply rejection 
V+ -15V, 

-13.5V <; V- <;-16.5V, 0.001 0.01 0.001 0.01 %FS/%VS 
H external VREF IN = 5.000V 

TCFS Full-scale temperature 
VREF IN = 5.000V 20 20 ppm/DC 

coefiicient 
TCZS Zero-scale temperature 

5 5 ppml"C 
coefficient 

NOTE: 
Reier to Figure 1. 
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8-Bit lIP-Compatible OJ A Converter NEjSE5019 

DC ELECTRICAL CHARACTERISTICS (Continued) vcc+ =+15V, vcc- =-15V, SE5019. -55·C<TA<125·C, 
NE5019. o·c < T A < 70·C, unless otherwise specified.1 Typical 
values are specified at 25·C. 

SES019 
SYMBOL PARAMETER TEST CONDITIONS 

Min Typ Max 

IREF Reference output current Note 6 3 

IREF SC Reference short circuit current 
TA = 25·C 

15 30 
VREF OUT=OV 

PSR+REF Reference power supply 
V- =-15V, 

13.5V<V+ < 16.5V, 0.003 0.D1 
rejection (+) 

IREF = 1.0mA 
PSR-REF Reference power supply V+ = 15V, 

0.003 0.01 rejection (-) -13.5V <V- < 16.5V 

VREF Reference voltage IREF = 1.0mA 4.9 5.0 5.25 
TA = 25·C 

TCREF Reference voltage temperature 
IREF= 1.0mA 60 

coefficient 

ZIN DAC VREF IN input impedance 
IREF= 1.0mA 

4.15 5.0 5.65 
TA = 25·C 

Icc+ Positive supply current Vcc+ = 15V 7 14 
Icc- Negative supply current Vcc-=-15V -10 -15 

Po Power dissipation IREF= 1.0mA, Vcc = ± 15V 255 435 

NOTE: 
Refer to Figure 1. 

AC ELECTRICAL CHARACTERISTICS1 Vcc= ±15V, TA=25·C2. 

SYMBOL PARAMETER 

isLH Settling time 
tSHL Settling time 

tpLH Propagation delay 
tpHL Propagation delay 
tpLSB Propagation delay 
tpLH Propagation delay 
tpHL Propagation delay 

is Setup time 

iH. Hold time 
ipw Latch enable pulse width 

NOTES: 
1. Refer to F"rgure 2. 
2. See Figure 5. 
3. See Figure 6. 
4. See Figure 7. 
5. See Figure B. 
B. See Figure 9. 

TO FROM 

± 112 LSB Input 
± 112 LSB Input 

Output Input 
Output Input 
Output Input 
Output LE 
Output LE 

LE Input 
Input LE 

7. For reference current > 3mA, use of an external buffer is required. 

TEST CONDITIONS 

All bits low-to-high2 
All bits high-to-low3 

All bits switched low-to-high2 

All bits switched high-to-low3 
1 LSB change2• 3 

Low-to-high transition4 
High-to-Iow transitionS 

1,6 

1,6 

1,6 
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NES019 
UNIT 

Min Typ Max 

3 rnA 

15 30 mA 

0.003 0.01 %VR/%VS 

0.003 0.01 %VR/%VS 

4.9 5.0 5.25 V 

60 ppml"C 

4.15 5.0 5.65 kn 
7 14 mA 

-10 -15 mA 

255 435 mW 

NE/SES019 
UNIT 

Min Typ Max 

1.6 JJS 
2.3 p.s 

300 ns 
150 ns 
150 ns 
300 ns 
150 ns 

100 ns 
50 ns 

150 ns 

• 



Signetics Unear Products 

8-Bit ~P-Compatible 0/ A Converter 

Figure 1. DC Parametric Test Configuration 

TC10781S 

Figure 3. Full-/Zero·Scale Adjust-Unipolar Output (0 - lOy) 

DATA 

OUTPUT 

----Jf I. TS<H ·1 
,ov :-1~ub --------r-j --- --
o. ---_____ .... 

Li = L 

Figure 5. Settling Time and Propagation Delay, 
Low-to-Hlgh Data 
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NE/SE5019 

Figure 2. AC Parametric Test Configuration 

'Ole S-'""Ivv-<>-I 
'OT 

2. 

TC107ll1S 

Figure 4. Bipolar Output Operation (-5 to + 5Y) 

OATA \ 
I ~=-=T.HL==::t1 -

-~--1- ----
LEoL -+~ 

'OY 

OUTPUT 

ov 

Figure 6. Settling Time and Propagation Delay. 
Hlgh-to-Low Data . 
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a-Bit IlP-CompatiQle 0/ A Converter NE/SE5019 

DATA DATA 

\'----- ,"""----
1- ..... -/ tOY 

I-- 'PtL---l 

--~ OUTPUT 

OY 

Figure 7. Propagetlon Delay, Latch Enable to Output Figure 8. Propagation Delay, Latch Enable to Output 

I 
WF' ..... 

Figure 9. Latch Enable Pulse Width, Setup and Hold Time. 
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DESCRIPTION 
The NE5020 is a microprocessor-com
patible monolithic 10-bit digital-to-analog 
converter subsystem. This device offers 
10-bit resolution and ± 0.1 %' accuracy 
and monotonicity guaranteed over full 
operating temperature range. 

Low loading latches, adjustable logic 
thresholds, and addressing capability al
low the N E5020 to directly interface with 
most microprocessor- and logic-con
trolled systems. 

The NE5020 contains internal voltage 
reference, DAC switches and resistor 
ladder. Also, the input buffer and output 
summing amplifier are included. In addi
tion, the matched application resistors 
for scaling either unipolar or bipolar 
output values are included on a single 
monolithic chip. 

The result is a near minimum component 
count 10-bit resolution DAC system. 

BLOCK DIAGRAM 

NE5020 
10-Bit JlP-CompatibleD / A 
Converter 

, Product Specl{lcatlon 

FEATURES 
• 10-blt resolution 
• Guaranteed monotonlclty over 

operating range 

• ± 0.1 % relative accuracy 

• Unipolar (OY to + 10V) and 
bipolar (±5Y) output range 

• Logic bus compatible 

• 5pa settling time 

APPLICATIONS 
• Precision 1G-bitD/A converters 

• 10-bit analog-to-dlgltal converters 

• Programmable power supplies 

• Test equipment 
• Measurement Instruments 

PIN CONFIGURATION 

F, N Packages 

TOP VIEW 

(tt) (10) ~ ~ m ~ ~ ~ ~ m - - Dl7 DIll DIS5 D84 D83 on 081 D80 -
(13) t!J 0----1 

(1) DGTAL GtlDo-----+---__ ---' IIIl+VCC.:=g 
(tS) VJlEFO&n' 

lIT".... 

(14) v.,ADJ 

.... 

t-----oCl, 112) 

,.------0 :::1211 

COl ..... 

(t7) + YfIIF- o-~-'o/I","".,...-----, t----~- .... ( .. ) 
111) IW'OI.M ...... 

October 10, 1986 

-Vee 
I ... 

5-156 853-0392 85949 
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10-Blt IlP-Compatible DjA Converter 

ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

24-Pin Cerdip o to 70·C NE5020F 

24-Pin Plastic DIP o to 70·C NE5020N 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Vcc+ Positive supply voltage 18 V 

Vee- Negative supply voltage -18 V 

VIN Logic input voltage o to 18 V 

VREF IN Voltage at +VREF input 12 V 

VREF ADJ Voltage at VREF adjust o to VREF V 

VSUM Voltage at sum node 12 V 

IREFSC 
Short-circuit current to ground at 

Continuous 
VREF OUT 

IOUTSC 
Short-circuit current to ground or 

Continuous 
either supply at VOUT 

Po 
Maximum power dissipation 
T A - 25·C, (still-air)' 
F package 2150 mW 
N package 2150 mW 

TA Operating temperature range NE5020 o to +70 ·C 

TSTG Storage tamperature range -85 to +150 ·C 

TSOLO 
Lead soldering temperature 
(10 sec. max) 

NOTES: 
,. Derate above 25·C al the following rales: 

F package al 17.2mWrC. 
N package al 17.2mwrc. 

300 ·C 

Product Specification 

NE5020 

DC ELECTRICAL CHARACTERISTICS Vcc+ -+15V, VCC- --15V, 0": TA":70·C, unless otherwise specified.' Typical 
values are specified at 25·C. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Resolution 10 Bits 
Monotoniclty 10 Bits 
Relative accuracy ±0.1 %FS 

Vcc+ Positive supply voltage 11.4 15 16.5 V 
Vee- Negative supply voltage -11.4 -15 -16.5 V 

VIN(l) Logic "1" input voltage Pin 1 =OV 2.0 V 
VIN(O) Logic "0" Input voltage Pin 1-0V 0.8 V 

IIN(l) Logic "1" Input current Pin 1-0V,2<VIN< 18V 0.1 10 jJA 
IIN(O) Logic "0" Input current Pin 1 = OV, -5V < VIN < 0.8V -2.0 -10 jJA 

VFS Full-scale output Unipolar mode, VREF = 5.000V, all bits high, 9.5 10.5 V 
TA - 25·C 

+VFS Full-scale output Bipolar mode, VREF - 5.000V, all bits high, 4.75 5.25 V 
TA = 25·C 

-VFS Negative full-scale Bipolar mode, VREF = 5.000V, all bits low, -5.25 -4.75 V 
TA - 25·C 

NOTE: 
1. Refer to Figure 1. 
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10-Bit j.lP-Compatible D / A Converter NE5020 

DC ELECTRICAL CHARACTERISTICS (Continued) vee + = + 15V, vee - = -15V, 0 .;; TA .;; 70°C, unless otherwise 
specified. 1 Typical values are specified at 25°C. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Vzs Zero-scale output Unipolar mode, VREF = 5.000V, all bits low, -30 +30 mV 
TA = 25°C 

los Output short-circuit current TA = 25°C ±15 ±40 rnA 
VOUT=OV 

PSR+(OUT) Output power supply rejection (+) V- =-15V, 13.5V';;V+ ';;16.5V, external 0.001 0.01 %FSI 
VREF IN = 5.000V %VS 

PSR-(OUT) Output power supply rejection (-) V+ = 15V, -13.5V';;V-';;-16.5V, external 0.001 0.01 %FSI 
VREF IN = 5.000V %VS 

TCFS Full-scale temperature coefficient VREF IN = 5.000V 20 ppmFS 
fOC 

TCZS Zero-scale temperature coefficient 5 ppmFS 
fOC 

IREF2 Reference output current 3 mA 
IREF SC Reference short circuit current TA = 25°C 15 30 mA 

VREF OUT=OV 

PSR+REF Reference power supply rejection V- =-15V, 13.5V';;V+ ';;16.5V, IREF= 1.0mA .003 .01 %VRI 
(+) %VS 

PSR-REF Reference power supply rejection V+ = 15V, -13.5V ';;V-.;; 16.5V, .003 .01 %VRI 
(-) %VS 

VREF Reference voltage IREF = 1.0mA, T A = 25°C 4.9 5.0 5.25 V 
TCREF Reference voltage temperature IREF= 1.0mA 60 ppm/oC 

coefficient 

ZIN DAC VREF IN input impedance IREF= 1.0mA 5.0 kG 

lee+ Positive supply current Vee+ = 15V 7 14 mA 
lee- Negative supply current Vee- =-15V -10 -15 mA 

Po Power diSSipation IREF=1.0mA, Vee=±15V 255 435 mW 

NOTE: 
1. Refer 10 Figure 1. 
2. For IREF OUT grealer than 3mA, an external buffer is required. 

AC ELECTRICAL CHARACTERISTICS1 Vee=±15V, TA=25°C. 

LIMITS 
SYMBOL PARAMETER TO FROM TEST CONDITIONS UNIT 

Min Typ Max 

IslH Settling time ± ~2 LSB Input All bits low-to-high2 5 ,",s 
IsHL Settling time ±~2 LSB Input All bits high-to-loW! 5 j.tS 

tplH Propagation delay Output Input All bits switched low-to-high2 30 ns 
tpHL Propagation delay Output Input All bits switched high-to-loW! 150 ns 
\PLSB Propagation delay Output Input 1 LSB change2,3 150 ns 
tpLH Propagation delay Output LE Low-to-high transition4 300 ns 
tpHL Propagation delay Output LE High-to-Iow transition5 150 ns 
Is Set-up time LE Input 1,6 100 ns 
tH Hold time Input [E 1,6 50 ns 
tpw Lstch enable pulse width 1.6 150 ns 

NOTES: 
1. Refer to Figure 2. 
2. See Figure 5. 
3. See Figure 6. 
4. See Figure 7. 
5. See Figure 8. 
6. See Figure 9. 
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10-Bit MP-Compatible 0/ A Converter 

vcc.--

Figure 1. DC Parametric Test Configuration 

,Ot( s ..... ""-<>-f 
'OT 

TC10821S 

Figure 3. Full·iZera·Scale Adjust - Unipolar Output (0 - 10V) 

OATA 

OUTPUT 

------oJf 
I_TOtH I 

'~ ___ I-_r 
CI! = LOW 

Figure 5. Settling Time and Propagation Delay, 
Low·to·Hlgh Data 
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Product Specification 

NE5020 

Figure 2. AC Parametric Test Configuration 

Figure 4. Bipolar Output Operation (-s to + SV) 

\ I ~-TS-HL -~I -

----j=- -=--==" ~=LOW -+~ 0' 

Figure 6. Settling Time and Propagation Delay, 
Hlgh-ta-Low Data 
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i0-Bit pP-Compatible 0/ A Converter NE5020 

DATA DATA 

\'------ ,-----
\- ..... --1 

tOY 
1-----1 

--~ OY .. , ..... 
Figure 7. Propagation Delay, Latch Enable to Output Figure 8. Propagation Delay, Latch Enable to Output 

----"'" I- tmln--j r----\ ,d, 
Figure 9. Latch Enable Pulae Width, Setup and Hold Time. 
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i0-Bit J.LP-Compatible DjA Converter 

TTL, 
DTL VTH = + 1.4V 

A 
i=GND(PIN1) 

+5V CMOS 

Vnt=+2.8V 

+5V 

3.6kll 

PIN1 

IN4148 

CIRCUIT DESCRIPTION 
The NE5020 provides ten data latches, an 
internal voltage reference, application resis
tors, and a scaled output voltage in addition 
to the basic DAC components (see Block 
Diagram). 

Latch Circuit 

VTH = VPIN1 + 1.4V 
+ 15V CMOS, HTL, HNIL 

VTH= +7.6V 

-t-'2VTO -t-15V} ff,'5V 

10kQ 9.1kQ 

PIN1 PIN 1 

ZE~~~ -=- 8.2kQ -=- r O.1"F 

DATA BUS 

+10V CMOS 

VTH= +5.0V 

6.2kQ 

IT-10V 

3.6kQ -=- r O.1"F 

•• 

•• .7 

Figure 10 

PINI 

T(:107418 

-
- -

DB 9 • 7 • .... 
~2-~I [£1 

I 

5 4 3 

Product Specification 

PMOS 
VTH=ov 

IN4148 

PIN1 

10ka 

NE5020 

-5VTO -lOV 

TC10720S 

NDTE DO NOT EXCEED NEGATIVE 

LOGIC INPUT RANGE OF DAC 

1.3kQ 

3.9kQ 

2 1 

10k ECL 

VTH ;'-1.29V 

lkQ 

-S.2V 

• 
LS. 

PIN1 

LATCHeS I 

OUTl'UT 
DAC 

Digital interface with the NE5020 is readily 
accomplished through the use of two latch 
enable ports (rE, and LE2l and ten data input 
latches. rE2 controls the two most significant 
bits of data (DB9 and DBe) while LEI controls 
the eight lesser significant bits (DB7 through 
DB#. Both the latch enable ports (LE) and 
the data inputs are static- and threshold
sensitive; When the latch enable ports (LE) 
are high (Logic '1') the data inputs become 
very high impedances and essentially disap
pear from the data bus. Addressing the rE 
wHh a low static (Logic '0'), the latches 
become active and adapt the logic states 
present on the data bus. During this state, the 
output of the DAC will change to the value 
proportional to the data bus value. When the 
latch enable returns to a high state, the 
selected set of data inputs (i.e., depending on 

Figure 11. NE5020 IlP Interface B-Bit Data Bus Example 
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which IT goes high) 'memorizes' the data 
bus logic states and the output changes to 
the unique output value corresponding to the 
binary word in the latch. 

The data inputs are inactive and high imped
ance (typically requiring - 2p.A for low (O.BV 
max) or 0.1 p.A for high (2.0V min)) when the 
IT is high. Any changes on the data bus with 
LE high will have no effect on the DAC 
output. 

The digital logic inputs (IT and DB) for the 
NE5020 utilize a differential input logic sys
tem with a threshold level of + 1.4V with 
respect to the voltage level on the digital 
ground pin (Pin 1). Figure 10 details several 
bias schemes used to provide the proper 
threshold voltage levels for various logic fami
lies. 

To be compatible with a bus-oriented system, 
the DAC should respond in as short a period 
as possible to insure full utilization of the 
microprocessor, controller and 110 control 
lines. Figure 9 shows the typical timing re
quirements of the latch and data lines. This 
figure indicates that data on the data bus 
should be stable for at least 50ns after IT is 
changed to a high state. 

The independent IT (LE1 and IT2) lines allow 
for direct interface from an B-bit data bus (see 
Figure 11). Data for the two MSBs is supplied 
and stored when IT2 is activated low and 
returned high according to the NE5020 timing 
requirements. Then IT1 is activated low and 
the remaining eight LSBs of data are trans
ferred into the DAC. With LE1 returning high, 
the loading of 10-bit data word from an B-bit 
data bus is complete. 

Occasionally the analog output must change 
to its data value within one data address 
operation. This is no problem using the 
NE5020 on a 16-bit bus or any other data bus 
with 10 or greater data bits. 

This can be accomplished from an B-bit data 
bus by utilizing an external latch circuit to 
preload the two MSB data values. Figure 12 
shows the circuit configuration. 

After preloading (via IT preload) the external 
latch with the two MSB values, LE2 is activat
ed low and the eight LSBs and the two MSBs 
are concurrently loaded into the DAC in one 
address operation. This permits the DAC 
output to make its appropriate change at one 
time. 

Reference Interface 
The NE5020 contains an internal bandgap 
voltage reference which is designed to have a 
very low temperature coefficient and excel
lent long-term stability characteristics. 

The internal bandgap reference (1.23V) is 
buffered and amplified to provide the 5V 
reference output. Providing a VREF ADJ (Pin 
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Figure 13. Bipolar Output 

14) allows trimming of the reference output. 
Utilization of the adjust circuit shown in Figure 
15 performs not only VREF adjustment. but 
also full-scale output adjust. Notice that the 
VREF ADJ pin is essentially the sum node of 
an op amp and is sensitive to excessive node 
capacitance. Any capacitance on the node 
can be minimized by placing the external 
resistors as close as possible to the VREF ADJ 
pin and observing good layout practices. 

The VREF OUT node can drive loads greater 
than the DAC VREF Input requirements and 
can be used as an excellent system voltage 
reference. However, to minimize load effects 
on the DAC system accuracy. it is recom
mended that a buffer amplifier be used. 

Input Amplifier 
The DAC reference amplifier is a high gain 
internally-compensated op amp used to con-
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vert the input reference voltage to a precision 
bias current for the DAC ladder network. 

The Blpck Diagram details the input reference 
amplifier and current ladder. The voltage-to
current convertar of the DAC amp will gener
ate a 1 mA reference current through OR with 
a 5V VREF. This current sets the input bias to 
the ladder network. Data bit 9 (DB9)(09). 
when turned on, will mirror this current and 
will contribute 1 rnA to the output. DBs (as> 
will contribute ~ of that value or 0.5mA, and 
so on. These current values act as current 
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sinks and will add at the sum node to produce 
a DAC ladder to sum node function of: 

2VREF (DB9 DB8 DB7 
IOUT=-- --+--+--+ 

RREF 2 4 8 

DB6 DBS DB4 DB3 
--+--+--+--+ 
16 32 64 128 

DB2 OBI DBO) 
2S6 + S12 + 1024 . 

Because of the fixed internal compensation 
of the reference amp, the slew rate is limited 
to typically 0.7V/1JS and source impedances 
at the VREF INPUT greater than SkU should be 
avoided to maintain stability. 

The -VREF INPUT pin is uncommitted to allow 
utilization of negative polarity reference volt
ages. In this mode + VREF INPUT is grounded 
and the negative reference is tied directly to 
the - VREF INPUT. The - VREF INPUT contains a 
SkU resistor that matches a like resistor in 
the + VREF INPUT to reduce voltage offset 
caused by op amp input bias currents. 

Output Amplifier and Interface 
The NES020 provides an on-chip output op 
amp to eliminate the need for additional 
external active circuits. Its two-stage design 
with feed-forward compensation allows it to 
slew at ISV I p.s and settle to within ± hLSB in 
SIJS. These times are typical when driving the 
rated loads of RL;;' Sk and CL .;; SOpF with 
recommended values of CFF - 1 nF and 
CFB = 30pF. Typical input offset voltages of 
SmV and 50kU open-loop gain insure that an 
accurate current-to-voltage converSion is per
formed when using the on-chip RFB resistor. 
RFB is matched to RREF and RBIP to maintain 
accurate voltage gain over operating condi~ 
tions. The diode shown from ground to sum 
node prevents the DAC current switches from 
saturating the op amp during large signal 
transitions which would otherwise increase 
the settling time. • 

The output op amp also incorporates output 
short circuit protection for both positive and 
negative excursions. During this fault condi
tion lOUT will limit at ± ISmA tYpical. Recovery 
from this condition to rated accuracy will be 
determined by duration of short-circuit and 
die temperature stabilization. 

Bipolar Output Voltage 
The NE5020 includes a thermally matched 
resistor, RBIP, to offset the output voltage by 
SV to obtain - SV to + SV output voltage range 
operation. This is accomplished by shorting 
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Figure 15. Reference Adjust Circuit 

Pins 18 and 22 (see Figure 13). This connec
tion produces a current equal to (VREFIN -
SUM NODE) .;- RBIP (1 mA nominal), which is 
injected into the sum node. Since full-scale 
current out is approximately 2mA (1.9980mA), 
(2mA - 1 mA)SkU - 5V will appear at the out
put. For zero DAC output currents, 1 mA is still 
injected into sum node and VOUT - -(SkU) 
(1 mAl = -SV. Zero-scale adjust and full-scale 
adjust are performed as described below, 
noting that full-scale voltage is now approxi
mately +SV. Zero-scale adjust may be used 
to trim VOUT = 0.00 with the MSB high or 
VOUT - -S.OV with all bits off. 

Zero-Scale Adjustment 
The method of trimming the small offset error 
that may exist when all data bits are low Is 
shown in Figure 14. The trim is the result of 
injecting a current from resistor R2 that coun
teracts the error current. Adjusting potentiom-
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eter R1 until VOUT equals O.OOOV in the 
unipolar mode or -S.OOOV in the bipolar mode 
(see bipolar section) accomplishes this trim. 

Full·Scale Adjustment 
A recommended full-scale adjustment circuit, 
when using the internal voltage reference, is 
shown in Figure 15. Potentiometer R3 is 
adjusted until VOUT equals 9.99023V. In many 
applications where the absolute accuracy of 
full-scale is of low importance when com
pared to the other system accuracy factors 
this adjustment circuit is optional. 

As resistors RREF, RFB, and RBIP shown in 
the Block Diagram are integrated in close 
proximity, they match and track in value 
closely over wide ambient temperature varia
tions. Typical matching is less than ± 0.3% 
which implies that typical full-scale (or gain) 
error is less than ± 0.3% of ideal full-scale 
value. 

I 



Signetics NEjSE5118 
a-Bit Microprocessor
Compatible DjA Converter
Current Output 

Linear Products 

DESCRIPTION 
The NE511B is a high-speed B-bit digital
to-analog converter subsystem on one 
monolithic chip. The data inputs have 
input latches controlled by a latch en
able pin. The data and latch enable 
inputs are ultra-low loading for easy 
interfacing with all logic systems. The 
latches appear transparent when the LE 
input is in the Low state. When LE goes 
High, the input data present at the mo
ment of transition is latched and retained 
until LE again goes Low. This feature 
allows easy compatibility with most 
microprocessors. 

The chip also comprises a stable voltage 
reference (5V nominal). The voltage ref
erence may be externally trimmed with a 
potentiometer for easy adjustment of 
full-scale, while maintaining a low tem
perature co-efficient. 

The output has high voltage compliance, 
increasing versatility. 

ORDERING INFORMATION 

Product Specification 

FEATURES 
• 8-blt resolution 
• Input latches 
• Low-loading data inputs 
• On-chip voltage reference 
• Fast settling output current-

200ns 
• Accurate to ± l'2 LSB (0.19%) 

• Monotonic to 8 bits 
• Reference short-circuit protected 
• Compatible with 8086, 6800 and 

many other microprocessors 

APPLICATIONS 
• Precision 8-blt 01 A converters 

• AID converters 
• Programmable power supplies 
• Test equipment 
• Measu'rlng Instruments 
• Analog-digital multiplication 
• CRT display drivers 
• High-speed modems 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

22·Pin Plastic DIP o to +70·C NE5118N 

22·Pin Ceramic DIP o to +70·C NE5118F 

22·Pin Ceramic DIP -55·C to + 125·C SE5118F 

December 2, 1986 5-164 

PIN CONFIGURATION 

F, N Packages 

TOPYIEW 

oo11590S 

853-1043 86702 



Signetics Linear Products 

8-Bit Microprocessor-Compatible 
D / A Converter - Current Output 

BLOCK DIAGRAM 
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Product Specification 
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8-Bit Microprocessor-Compatible 
D / A Converter - Current Output 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Vcc+ Positive supply voltage 

Vcc- Negative supply voltage 

VIN Logic input voltage 

VREF IN Voltage at RREF input 

VREF ADJ Voltage at VREF adjust 

VSUM Voltage at sum node 

IREFSC Short-circuit current to ground at 

VREF OUT 

IREF IN Reference input current (Pin 14) 

Maximum power dissipation 
T A = 25·C (still-air) 1 

F package 
N package 

TA Operating ambient temperature range 
SE5118 
NE5118 

TSTG Storage temperature range 

TSOLD Lead soldering temperature 
(10sec max) 

NOTE: 
I. Derate above 2S"C, at the following rates: 

F package at 13.9mWrC. 
N package at 17.SmW/·C. 

RATING 

18 

-18 

o to 18 

12 

o to VREF 

12 

Continuous 

3 

1740 
2190 

-55 to +125 
o to +70 

-65 to +150 

300 

Product Specification 

NE/SE5118 

UNIT 

V 

V 

V 

V 

V 

V 

mA 

mW 
mW 

·C 
·C 

·C 

·C 

DC ELECTRICAL CHARACTERISTICS Vcc+ = + 15V, Vcc- = -15V; SE5118; -55·C" TA" 125·C; NE5118; 
O·C " T A" 70·C, unless otherwise specified. Typical values are specified at 25·C. 

SE5118 NE5118 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Resolution 8 8 8 8 8 8 Bits 

Monotonicity 8 8 8 8 8 8 Bits 

Relative accuracy ±0.19 ±0.19 %FS 

Vcc+ Positive supply voltage 11.4 15 16.5 11.4 15 16.5 V 

Vcc- Negative supply voltage -11.4 -15 -16.5 -11.4 -15 -16.5 V 

VIN(1) Logic "1" input voltage Pin 1 =OV 2.0 2.0 V 

VIN(O) Logic "0" input voltage Pin 1 =OV 0.8 0.8 V 

IIN(1) Logic "1" input current Pin 1 = OV, 2V < VIN < 18V 0.1 10 0.1 10 iJA 

IIN(O) Logic "0" input current Pin 1 = OV, -5V < VIN < O.8V -2.0 -10 -2.0 -10 iJA 

IFS Full-scale output current 
Unipolar operation 1.90 1.992 2.10 1.90 1.992 2.10 mA 

VREF IN = 5.000V, TA = 25·C 

Izs Zero-scale current -6 1 +6 -6 1 +6 iJA 
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Product Specification 

NEjSE5118 

DC ELECTRICAL CHARACTERISTICS (Contjnued) vee+ = +15V, Vcc- =-15V; SE5118; -55·C';;;TA';;; 125·C; NE5118; 
o·c .;;; T A .;;; 70·C, unless otherwise specified. Typical values are spec
ified at 25·C. 

SE5118 NE5118 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

VREF Reference voltage IREF= 1mA 4.9 5.0 5.25 4.9 5.0 5.25 V 
TA = 25·C 

PSR+(Oun 
Output power supply V- =-15V, 13.5V';;;V+ ';;;16.5V, 0.001 0.01 0.001 0.01 %FSI 

rejection (+) external VREF IN = 5.000V %VS 

PSR-(oun 
Output power supply V+ = 15V, -13.5V ';;;V- ';;;-16.5V, 0.001 0.01 0.001 0.01 %FSI 

rejection (-) external VREF IN = 5.000V %VS 

TCFS 
Full-scale temperature VREF IN = 5.000V (Pin 15) 20 20 ppm/·C 
coefficient 

TCZS 
Zero-scale temperature IREF IN = 1.00mA (Pin 14) 5 5 ppml"C 
coefficient 

IREF Reference output current TA = 25·C 3 3 mA 

IREFSC 
Reference short circun VREF our=OV 15 30 15 30 mA 
current1 

PSR+(REF) 
Reference power supply V-=-15V, 13.5V';;;V+';;;16.5V, 0.003 0.01 0.003 0.01 %VRI 
rejection (+) IREF= 1.OmA %VS 

PSR-(REF) 
Reference power supply V+ = 15V,-13.5V';;; V- .;;; 16.5V, 0.003 0.01 0.003 0.01 %VRI 
rejection (-) IREF= 1.OmA %VS 

TCREF 
Reference voltage 

IREF= 1.OmA 60 60 ppml"C 
temperature coefficient 

ZIN 
DAC RREF IN input 5.0 5.0 kSl 
impedance 

lee+ Positive supply current Vee+ = 15V 7 14 7 14 mA 

lec- Negative supply current Vcr:;- =-15V -10 -15 -10 -15 mA 

Po Power dissipation IREF=1.OmA, Vcc=±15V 255 435 255 435 mW 

NOTES: 
1. For reference currents> 3mA, use of an external buffer is required. 

AC ELECTRICAL CHARACTERISTICS Vee = ± 15V, TA = 25·C, unless otherwise specified. 

NE/SE5118 
SYMBOL PARAMETER TO FROM TEST CONDITIONS UNIT 

Min Typ Max 

IsLH Settling time ±~ LSB Input All bits Low-to-High 200 ns 

tSHL Settling time ±~ LSB Input All bits High-to-Low 200 ns 

tpLH Propagation delay Output Input All bits switched Low-ta-High 60 ns 

tpHL Propagation delay OUtpu1 Input All bits switched High-to-Low 60 ns 

tpLSB Propagation delay Ou1pu1 Input 1 LSB change 60 ns 

tpLH Propagation delay Output [E Low-te-High transition 60 ns 

tpHL Propagation delay Output [E High-to-Low transition 60 ns 

ts Setup time LE Inpu1 100 ns 

tH Hold time Input LE 50 ns 

tpw Latch enable pulse width 150 ns 
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TYPICAL APPLICATIONS 

LE 

ANA. GND22 

10K .". 

lor 5118 

80K lour" 

Bipolar Output Oparation (-lmA to+lmA) 

LE 

AHA. GN022 

5,,8 
"ouT2 

AouT12O ..... 0-...,...--0 

NOTE: 

DATA INPUT CODE VOLTAGE OUTPUT (PIN 21) 

00000000 +10V OV 
1 1 1 1 1 1 1 1 OV -10V 

Pin 20 tied to + 10V Pin 20 tied to OV 

Faet Voltage Output 
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Li 

10 

FI.U ScALf 
ADJUST 

Unipolar Voltage Output (0 to + 10V) 

10K 

10r~W..o--I 

FULL ScALE 
ADJUST 
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Basic Unipolar Current Output (0 to -2mA) 
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DESCRIPTION 
The NE/SE5119 is a high-speed S-bit 
digital-to-analog converter subsystem on 
one monolithic chip. The data inputs 
have input latches, controlled by a latch 
enable pin. The data and latch enable 
inputs are ultralow loading for easy inter
facing with all logic systems. The latches 
appear transparent when the u: input is 
in the low state. When LE goes high, the 
input data present at the moment of 
transition is latched and retained until u: 
again goes low. This feature allows easy 
compatibility with most microprocessors. 

The chip also comprises a stable voltage 
reference (5V nominal). The voltage ref
erence may be externally trimmed with a 
potentiometer for easy adjustment of 
full-scale, while maintaining a low tem
perature coefficient. 

The output has high voltage compliance, 
increaSing versatility. 

ORDERING INFORMATION 

Product Specification 

FEATURES 
• 8-blt resolution 

• Input latches 
• Low-loading data Inputs 
• On-chlp voltage reference 
• Fast settling output current-

200ns 

• Accurate to ± l'4LSB (0.1 %) 

• MonotoniC to 8 bits 
• Reference short-cIrcuit protected 
• Compatible with 8086, 6800 and 

many other microprocessors 

APPLICATIONS 
• Precision 8-BIT DI A converters 

• AID converters 
• Programmable power supplies 

• Test equipment 
• Measuring Instruments 
• Analog-digital multiplication 

• CRT display drivers 
• High-speed modems 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

22-Pin Plastic DIP o to +70·C NE5119N 

22-Pin Ceramic DIP o to +70·C NE5119F 

22-Pin Ceramic DIP -55·C to + 125·C SE5119F 
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BLOCK DIAGRAM 
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Product Specification 

NE/SE5119 
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8-Bit Microprocessor-Compatible 
D j A Converter - Current Output 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Vcc+ Positive supply voltage 

Vee- Negative supply voltage 

VIN Logic input voltage 

VREF IN Voltage at VREF input 

VREF ADJ Voltage at VREF adjust 

VSUM Voltage at sum node 

IREFse 
Short-circuit current 
to ground at VREF OUT 

IREF IN Reference input current (Pin 14) 

PD Maximum power dissipation 
T A = 25°C (still-air) 1 

F package 
N package 

TA Operating ambient temperature range 
SE5119 
NE5119 

TSTG Storage temperature range 

TSOLD Lead soldering temperature (10sec max) 

NOTE: 
1. Derate above 25°C, at the following rates: 

F package at 13.9mW rc. 
N package at 17.5mW rc. 

Product Specification 

NEjSE5119 

RATING UNIT 

18 V 

-18 V 

o to 18 V 

12 V 

o to VREF V 

12 V 

Continuous 

3 mA 

1740 mW 
2190 mW 

-55 to +125 °C 
o to +70 °C 

-65 to +150 °C 

300 °C 

DC ELECTRICAL CHARACTERISTICS Vee+ = +15V, Vee- =-15V, SE5119. -55°C';;TA';; 125°C, NE5119. 
O°C';; T A';; 70°C unless otherwise specified. Typical values are specified at 25°C. 

SE5119 NE5119 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Resolution 8 8 8 8 8 8 Bits 

Monotonicily 8 8 8 8 8 8 Bits 

Relative accuracy ±0.1 ±0.1 %FS 

Vee+ Positive supply voltage 11.4 15 16.5 11.4 15 16.5 V 

Vee- Negative supply voltage -11.4 -15 -16.5 -11.4 -15 -16.5 V 

VIN(1) Logic "1" input voltage Pin 1 =OV 2.0 2.0 V 

VIN(O) Logic "0" input voltage Pin 1 =OV 0.8 0.8 V 

IIN(1) Logic "1" input current Pin 1 =OV, 2V<VIN<18V 0.1 10 0.1 10 p.A 

IIN(O) Logic "0" input current Pin 1 = OV, -5V < VIN < 0.8V -2.0 -10 -2.0 -10 p.A 

IFS Full-scale output current 
Unipolar operation 

1.90 1.992 2.10 1.90 1.992 2.10 mA 
VREF IN = 5.000V, T A = 25°C 

Izs Zero-scale current 1 1 p.A 

VREF Reference voltage IREF = 1mA, TA = 25°C 4.9 5.0 5.25 4.9 5.0 5.25 V 

PSR+(OUT) 
Output power supply V- = -15V, 13.5V';; V+ .;; 16.5V 

0.001 0.01 0.001 0.01 
%FSI 

rejection (+) external VREF IN = 5.000V %VS 
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Product Specification 

NEjSE5119 

DC ELECTRICAL CHARACTERISTICS (Continued) vee+ = + 15V, vee- = -15V, SE5119. -55°C <: Til <: 125°C, NE5119. 
O°C <: Til <: 70°C, unless otherwise specified. Typical values are spec
ified at 25°C. 

SES119 NES119 
SYMBOL PARAM!OTER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

RSR-(oun 
Output power supply V+ -15V, -13.5V<:V- <:-16.5V 

0.001 0.01 0.001 0.01 
%FS/ 

rejection (-) external VREF IN = 5.000V %VS 

TCFS 
Full-scale temperature 

VREF IN = 5.000V (Pin 15) 20 20 ppm/oC 
coefficient 

TCzs 
Zero-scale temperature 

IREF IN = 1.00mA (Pin 14) 5 5 ppm/DC 
coefficient 

IREF Reference output current Til = 25°C 3 3 rnA 

IREFSC 
Reference short circuit 

VREF OUT=OV 15 30 15 30 rnA 
current1 

PSR+(REF) 
Reference power supply V- =-15V, 13.5V<:V+ <:16.5V, 

0.003 0.01 0.003 0.01 
%\lRI 

rejection (+) IREF= 1.0mA %VS 

PSR-(REF) 
Reference power supply V+ = 15V, -13.5V<:V-<:16.5V, 

0.003 0.01 0.003 0.01 
%VRI 

reiection (-) IREF= 1.0mA '%VS 

TCREF 
Reference voltage 

IREF= 1.0mA 60 60 ppm/oC 
temperature coefficient 

ZIN 
DAC RREF IN input 5.0 5.0 kO 
impedance 

lee+ Positive supply current Vcc+ = 15V 7 14 7 14 mA 

lee- Negative supply current Vcc- =-15V -10 -15 -10 -15 rnA 

Po Power disSipation IREF = 1.0mA, Vee = ± 15V 255 435 255 435 mW 

NOTE: 
1. For reference currents > 3rnll, use of en external buffer is required. 

AC ELECTRICAL CHARACTERISTICS Vee = ± 15V, Til = 25°C, unless otherwise specified. 

NE/SES119 
SYMBOL PARAMETER TO FROM TEST CONDITIONS UNIT 

Min Typ Max 

tsLH Settling time ±1t2 LSB Input All bits Low-to-High 200 ns 

tsHL Settling time ±1t2 LSB Input All bits High-to-Low 200 ns 

tpLH Propagation delay Output Input All bits switched Low-te-High 60 ns 

tpHL Propagation delay Output Input All bits switched High-to-Low 60 ns 

IpLSB Propagation delay Output Input 1 LSB change 60 ns 

IpLH Propagation delay Output LE Low-to-High transition 60 ns 

tpHL Propagation delay Output IT High-to-Low transition 60 ns 

ts Setup time IT Input 100 ns 

tH Hold time Input IT 50 ns 

tpw Latch enable pulse width 150 ns 
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D j A Converter - Current Output 

TYPICAL APPLICATIONS 

Bipolar Output Operation (-1mA to+1mA) 

15 REFR ANA. GND 22 

'=" 
12 'IReF OUT 

" 
sn8/1 RouT' 

Rour,20 

NOTE: 

DATA INPUT CODE VOLTAGE OUTPUT (PIN 21) 

00000000 +10V OV 
11111111 OV -10V 

Pin 20 tied to +10V Pin 20 tied to OV 

Fast Voltage Output 

December 2. 1986 

FULL SCALE 
ADJUST 

5·173 

Product Specification 

NEjSE5119 

Basic Unipolar Current Output (0 to -2mA) 
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OAC products are designed to convert a 
digital code to an analog signal. Since a 
common source of dig~al signals is the data 
bus of a microprocessor, OAC circu~s that 
are bus compatible ease the design engi
neer's interface problems. 

WHAT FEATURES MAKE A 
DEVICE BUS-COMPATIBLE? 
The five conditions which determine proces
sor bus compatibility are: 

• Inputs must present low bus load 

• Addressing must be provided 

• Inputs must be latched 
• Logic thresholds must be compatible 

• Timing requirements should be adequate 
« 1/lS) 

Signetics' microprocessor-compatible OACs, 
the NE5018 series, meet these requirements. 
In addition, they provide an internal reference 
source. The NE5018 provides a scaled volt
age output, eliminating the need for an exter
nal op amp. The NE5118 is identical to the 
NE5018, except it provides the user with a 
current output. Figure 1 shows a typical 
microprocessor system with analog output 
using the NE5018 to provide a programmable 
voltage and an NE5118 to provide a program
mable current. 

The following discussions detail the operation 
of the NES018 and NE5118 series OACs. 

LATCH CIRCUIT 
The latch circuits of the NE5018 and NE5118 
are identical. Both the data inputs and latch 
enable (0:) input feature ultra-low loading for 
ease of interfacing. The 8-bit data latch, 
controlled by the latch enable input, is static 
and level sensitive. When (LE) is low, all the 
latches become transparent and the output 
changes as the bit pattern changes on the 
data bus. When the latch enable returns to its 
high state, the last set of inputs are held by 
the latch and a unique output corresponding 
to the binary word in the latch is produced. 
While the latch enable is high, the latch inputs 
represent a high impedance load on the data 
bus and changes on the data bus have no 
effect on the OAC output. 

The digital logic input for the NE5018 and 
NE5118 series OACs utilize a differential 
input logiC system with a threshold level of 
+ 1.4 V with respect to the voltage level on the 

February 1987 

AN109 
Microprocessor-Compatible 
DACs 
Application Note 

digital ground pin (Pin 1). To be compatible 
with microprocessors, the OAC should re
spond in as short a period as possible to 
Insure full utilization of the microprocessor 
and I/O data bus lines. Figure 2 gives the 
typical timing requirements of the latch cir
cuits in the NES018 and NE5118. 

The voltage levels on the data bus should be 
stable for approximately 150ns before latch 
enable returns to high level. The timing dia
gram shows 100ns is required for setup time 
and the information on the data lines should 
remain valid for another SOns. 

REFERENCE INTERFACE 
The NE5018 and NES118 contain an internal 
bandgap voltage reference which is designed 
to have a very low temperature coeffiCient 
and excellent long-term stability characteris
tics. 

The internal bandgap reference (1.23V) is 
buffered and amplified to provide the SV 
reference output. Providing a VREF ADJ (Pin 
12) allows easy trimming of the reference 
output (Pin 13). Use of a 10k pot and series 

resistor, as shown in Figure 3, adjusts the 
gain of the buffer amplifier, therefore varying 
the output reference voltage level. 

This network can then be used as a full-scale 
output adjust. A variation in the VREF OUT of 
- 0.8V, results in a corresponding 1.8V varia
tion in the full-scale output. This is more than 
adequate since the untrimmed VREF OUT is 
typically within 200mV of the nominal 5V. The 
VREF OUT will provide a maximum of SmA 
drive and can be used as a reference voltage 
for other system components, if required. 

Since a potential need exists to use the 
NES018 and NES118 as multiplying OACs, 
the VREF is not connected internally, allOWing 
the use of external reference sources. To 
utilize the internal reference, the VREF OUT 
(Pin 13) must be jumper-connected to the 
VREF IN (Pin 14). This also makes it possible 
to use a common reference for other 01 A or 
AID circuits in a system. 

ANALOG CuMiNT OUT 

Figure 1_ InterfaCing to a Mlcroproceasor 

Figure 2. Latch Enable (LE) Timing Diagram for the NE5018 and NE5118 
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INPUT AMPLIFIER OF THE 
NE5018 
The DAC reference amplifier has been de
signed to eliminate the need for compensa
tion when operating from the internal refer
ence or from an external reference which is 
buffered by an op amp or low impedance 
source. Compensation is required, however, 
when operating from a high impedance 
source. The addition of an external resistance 
reduces the phase margin of the amplifier 
making it less stable. Compensation, when 
required, is a single capacitor from Pin 16 to 
ground. 

Figure 4 details the input reference amplifier 
and current ladder. The voltage-to-current 
converter of the DAC amp will generate a 
1 rnA reference current through OR with a SV 
VREF. This current sets the input bias to the 
ladder network. Data bit 7 (DB7) 07, when 
turned on, will mirror this current and will 
contribute 1 rnA to the output. DB6 (06) will 
contribute ~ of that value or O.SmA, and so 
on. If all bits are on, the output current will be 
2mA - 1 LSB. The full-scale VOUT will be 
(IOUTRF) or 2mA -1 LSB X Sk) = (10V-l 
LSB) = 9.961V. The overall input/output ex
pression for the NES018 is: 

( 
DB7 DB6 DBS 

VOUT=2VREF X 2+4+8"+ 

DB4 + DB3 + DB2 + DBl + DBO ) 
16 32 64 128 2S6 

The minimum current for the ladder network 
to be operative in the linear region is SOOI/A. 
Therefore, the minimum VREF input is 2.SV. 
The slew rate of the reference amplifier is 

NOTE: 

(141 

IIIPOLAII 
(111~ 

51( 

11K ~~l=~ -:~:~ 
10K ---0-""""'1"""-+---------' 

(121 

5K 

Figure 3. Reference Adjust Circuit 

typically O. 7V1 p.s without compensation. The 
input structure of the NESl18 is slightly 
different and will be discussed in greater 
detail later. Or provides a termination for the 
R-2R ladder network and does not contribute 
to 'OUT. 

OUTPUT INTERFACE OF THE 
NE5018 
The NES018 has an internal op amp which 
provides a voltage output, while the NESl18 
is a current output device. The NES018 out
put op amp is a two-stage design with feed
forward compensation. Having a slew rate of 
1 OV / 11S, it provides a voltage output from 0 to 
10V (±0.2%) typically within 2p.s (the time 
allowed for the output voltage to settle to 
within ~ LSB). Compensation must be pro
vided externally as shown in Figure S. 

The addition of the optional diode between 
the summing node (Pin 20) and ground pre
vents the DAC current switches from driving 

the op amp into saturation during large-signal 
transitions which would increase the settling 
time. 

Zero adjust circuits, such as the one shown in 
Figure S, may also be connected to the 
summing node to provide a means to zero the 
output when all zeros are present on the 
input. Not all applications require a zero 
adjust circuit since the untrimmed zero-scale 
is typically less than SmV. Excess stray ca
pacitance at the sum node of the output op 
amp may necessitate the use of a feedback 
capacitor from VOUT to the sum node (CFF) to 
insure stability of the op amp. Typical values 
of CFF range from lS to 22pF. The rated load 
of the op amp is - 2kn. For stability, the load 
capacitance should be minimized (SOpF max). 

MODES OF OPERATION OF 
THE NE5018 
The NE501 B has two basic modes of opera
tion: unipolar and bipolar. When operating in 

!Me swrrCHES 

211 211 211 211 211 211 211 211 211 II 

II II II II II II II II 

(171 Vee 

DAe compensation may be required if VREF resistance exceeds 10kn. 

Figure 4. R·2R Ladder Network Develops a Scaled Reference Current Value Into the DAC Switching Network 
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the unipolar mode, the output range is 0 to 
+10V. To change from unipolar to bipolar 
operation, the bipolar offset pin is connected 
to the summing node. This provides the 5V 
offset required· for this mode of operation. 
The output now will have a range from -5 to 
+ 5V. Figure 6 details the connection of the 
NE5018 in the bipolar mode of operation. 

With the bipolar offset, Pin 15, connected to 
the sum node, Pin 20, it forms a unity gain 
inverter with an input of + VREF. The bipolar 
offset develops an IREF current through the 
internal 5k resistor. This current is then fed to 
the sum node of the output amplifier where it 
is summed with the current output of the DAC 
ladder network. Assume for the moment that 
the current output of the ladder network is 
OmA. With a VREF equal to +5V, IREF is lmA 
and the output of the op amp is converted to 
-5V. If the DAC switches are now set to full
seale, the current from the DAC ladder is 
2mA. This is summed against the 1 rnA IREF 
and causes the output of the op amp to swing 
from -5V to + 5V. 

(IOAC -IREF)5k = (2mA - 1 mA)5k = + 5V 

Since the bipolar offset resistor is monolithic, 
tracking with the 5k feedback resistor of the 
output amplifier is excellent. 

Note that the bipolar offset pin could not be 
used when using the .DAC in a multiplier 
application since the VOUT would reflect an 
inverted input signal. 

NOTES ON THE NE5118 
CURRENT OUTPUT DAC 
The basic operation of the NE5118 current 
output DAC is the same as the NE5018. The 
current output structure allows the user to 
provide a programmable current sink (lOUT 
max of 2mA). Several jumper options provide 
a variety of operational modes. Figure 7 is a 
block diagram of the NE5118. The input logic 
and VREF portions are identical to the 
NE5018. 

REFERENCE INPUT AMPLIFIER 
The characteristics of the reference input 
amplifier are identical to the NE5018; howev
er, extended versatility of the input structure 
allows for both current (via Pin 14) or voltage 
(via Pin 15) reference inputs. 

The maximum DAC output current is 2mA. 
The DAC has an internal gain of 2, limiting the 
maximum usable input current to 1 rnA. 

NOTE: 

The absolute maximum Input current should be limited to 
5mA to prevent damage to the input reference amplifier. 

Figure 8 shows the basic operating mode of 
the NE5118 using an external current refer-
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10K 
- vee --'IAI'v- + vee 

zs AD.IUIIT 

NODE 1 
1 (OPTIONAL) 

5K 1 

!lAC + -= 1 _ CURRENT OUTPUT 
Vour (18) I c:,.,. 

(22) ":" 

Figure 5. Zero-Scale Adjust 

V_IN ______ ~--_T~~~_--~~~---------, 
(14) 

1-

1 , 
JUMPERFOR I 

BIPOLAR OPERAnON \, 
SUM 
NODE (20) 

>---i<--- 111 1I-2R ...... 

-Vee 

>+-----_Vour 

TC09251$ 

Figure 6. Bipolar Output 

ence resistor (RI ) and a positive reference 
voltage. 

This voltage can be provided by either an 
internal or external reference voltage. Figure 
9 shows a typical connection using a voltage 
input directly via Pin 15. 

Besides a reduced parts count, use of the 
internal RREF provides excellent tracking 
characteristics with the ROUT resistor (Pin 20) 
when developing a high slew rate vo~age 
output. The negative VREF input must be 
returned to ground directly or through R2. R2 
is optional and is used to cancel minor errors 
developed by the input bias currents of the 
reference amplifier (R2 = RI in Figure 8). A 
negative voltage can be the reference by 
using the - VREF input pin as shown in Figure 
10. 

5-176 

The positive VREF is returned to ground via 
RIN (Pin 15). As with the NE5018, a compen
sation capaCitor on Pin 16 is not required ~ 
the VREF is supplied by a low impedance 
source. 

OUTPUT STRUCTURE 
The output of the NE5118 is a current sink 
with a eapacity of 2mA (full-scale) capable of 
seWing to 0.2% in 2oons. Internal bias and 
feedback resistors are also made available to 
ease the designer's task of interfacing. 

Figure 11 shows the NE5118 using a current
to-voltage converter at the output to provide a 
high slew rate voltage output. Using the 
NE538 as shown can provide 60V I ps slew 
rate output. The diode at the inverting node of 
the op amp improves the response time by 
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(11)~ 
11K 

(11): 

IK 
(21) 

ANALOG 
ClND 

R 
(11) REFR 

(14) + V ... iN 

,s 

IRE. 

A, 

AI 

(I} (I) (7) (I} (I) (4) (3) (2) 
US7 II1II DIll D84 DS3 DS2 USI D80 
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LATCHES AND 
SWITCH DIII\IERII 
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GNDVLC 

1Iotm(1I) 

,--_____ -<>----_____ -0 1our(21) 

I DAC CURRENT 
t OUTPUT 

Figure 7. Block Diagram 

12 VN!FCJJT 

IREF =- VREF ...-

TC08281S 

By connecting the ROUT resistor (Pin 20) to 
ground (Figure 13), the output voltage seen 
by the load ranges from OV as zero·scale to 
-10V as full·scale. Only a few of the many 
possible output configurations have been 
shown to demonstrate the NE5118 flexibility. 

CIRCUIT EXAMPLES 

Figure •• Positive IREF 

Now that the basics of the NE5018 and the 
NE5118 have been discussed, let's examine 
some speCific circuits. Figure 14 is a micro· 
processor·controlled programmable gain am· 
plifier, using the NE5018. The VREF output is 
fed to the non·inverting input to a differential 
amplifier. R, + R2 places 2.5Voc bias on the 
VREF input. R2 can be made adjustable to 
precisely control the DC reference input. The 
analog input is fed to the inverting input of the 
differential amplifier with a gain of unity. An 
input range of 0 to 2.5V will produce an output 
of 10V to 5V full·scale. V REF IN will vary from 
5V to 2.5V. The current ladder is always kept 
in the linear operating range and the output 
will not become distorted. 

preventing saturation of the op amp during 
large signal transitions. The feedback resistor 
ROUTI (Pin 20) is provided internally, provid· 
ing excellent thermal tracking charactaristics 
with the RREF at the input. 

Bipolar operation can· be accomplished by 
connecting the VREFOUT (Pin 12) to the ROUT 
resistor (Pin 20) (Figure 12). The principal is 
the same as the NE5018 bipolar operation. 
The internal resistors exhibit excellent ther· 
mal tracking characteristics. 

An alternate method of bipolar output opera· 
tion Is shown in Figure 12. The RREF and 
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ROUT set up a current·to·voltage converter 
while two (2) external resistors provide a 
bipolar offset. REXT 1 and REXT 2 should have 
similar thermal tracking characteristics. 

The NE5118 can provide a voltage output 
directly when driving a high impedance load 
as shown in Figure 13. With a full·scale 
current of 2mA, Pin 20 tied to + 10V and a 
digital input of zero, the high impedance load 
will see + 10V. For a full·scale digital input, 
the load will see OV. Since the load and the 
internal resistor form a voltage divider, their 
ratio determines full'scale accuracy. 

5-177 

No compensation is required for the DAC 
reference amplifier since the VREF IN is fed 
from a low impedance source. With a com· 
pensation cap of 33pF on the output amplifi. 
er, the frequency response of the output is 
linear to at least 20kHz with less than 0.1 % 
distortion with an input amplitude of 1Vp.p. 

I 
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Figure 9. Positive VREF 
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Figure 11. High Slew Rate Voltage Outputa 
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The NE5018 is seen by the microprocessor 
as an 1/0 device. 

In Figure 15, the N5018 and NE5118 provide 
a method of summing two digitsl words and 
generating a voltage output. The latch enable 
feature of both devices direct connection to a 
data bus, using address decoding. These 
devices greatly reduced the total component 
count required to perform this operation. 

The reference voltage is common to both 
DACs, being provided by the NE5018. The 
bipolar offset resistOr of the NE5018 provides 
the 1 rnA current reference for the NE5118. 
Using the internal resistor of the NE5018 to 
develop the reference current enhances the 
thermal tracking since the current-\o-voltage 
resistor of the output op amp is also in the 
NE5018. Both DACs can be addressed by a 
microprocessor using an address decoder to 
select DAC A or DAC B. . 

Figure 16 is a schematic of the NE5118 and a 
NE527 as a high-speed programmable limit 
sensor (or AID convertar). A 4.8V zener 
diode is used on the comparator input to 
insure the input voltage range of the compar
ator is not exceeded. The' outputs of the 
NE527 comparator are cOmplementary,' eas
ing the' logic interface requirement. If the 
strobe function is not used, the strobe inputs 
should be tied high, through a 10kS'! resistor. 
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Figure 16. Programmable Limit Comparator 

February 1987 5-180 



Signetics NE5150/5151/5152 
Triple 4-Bit RGB D / A Converter 
With and Without Memory 
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DESCRIPTION 
The NE5150/ 5151 /5152 are triple 4-bit 
DACs intended for use in graphic display 
systems. They are a high perfor
mance - yet cost effective - means of 
interfacing digital memory and a CRT. 
The NE5150/5152 are single integrated 
circuit chips containing special input buf
fers, an ECl static RAM, high-speed 
latches, and three 4-bit DACs. The input 
buffers are user-selectable as either 
ECl or TTL compatible for the NE5150. 
The NE5152 is similar to the NE5150, 
but is TTL compatible only, and operates 
off of a single +5V supply. The RAM is 
organized as 16 X 12, so that 16 "color 
words" can be down-loaded from the 
pixel memory into the chip memory. 
Each 12-bit word represents 4 bits of 
red, 4 bits of green and 4 bits of blue 
information. This system gives 4096 
possible colors. The RAM is fast enough 
to completely reload during the horizon
tal retrace time. The latches resynchron
ize the digital data to the DACs to 
prevent glitches. The DACs include all 
the composite video functions to make 
the output waveforms meet RS-170 and 
RS-343 standards, and produce 1Vp_p 

into 75n. The composite functions (ref
erence white, bright, blank, and sync) 
are latched to prevent screen-edge dis
tortions generally found on "video 
DACs." External components are kept 
to an absolute minimum (bypass capaci
tors only as needed) by including all 
reference generation circuitry and termi
nation resistors on-Chip, by building in 

ORDERING INFORMATION 

Preliminary Specification 

high-frequency PSRR (eliminating sepa
rate VEES and costly power supplies and 
filtering), and by using a single-ended 
clock. The guaranteed maximum operat
ing frequency for the NE5150/5152 is 
110MHz over the commercial termpera
ture range. The devices are housed in a 
standard 24-pin package and consume 
less than 1W of power. 

The NE5151 is a simplified version of 
the NE5150, including all functions ex
cept the memory. Maximum operating 
frequency is 150MHz. 

FEATURES 

• Single-chip 
• On-board ECl static RAM 

• 4096 colors 
• ECl and TTL compatible 
• 110MHz update rate (NE5150, 

5152) 

• 150MHz update rate (NE5151) 
• Low power and cost 
• Drives 75n cable directly 
• Internal reference 

• 40dB PSRR 
• No external components 

necessary 

APPLICATIONS 
• Bit-mapped graphics 
• Super high-speed DAC 
• Home computers 
• Raster-scan displays 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

24-Pin Ceramic DIP O'C to +70'C NE5150F 

24-Pin Ceramic DIP O'C to +70'C NE5151F 

24-Pin CeramiC DIP O'C to +70'C NE5152F 
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PIN CONFIGURATIONS 

NE5150 F Package 110_ 
.. 
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BLOCK DIAGRAMS 

NE5150 
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WRITEo(21) 
WRITE" (20) 
WRITE" (19) 

AI) A1 AS AS DO D1 D2 D3 
(5) (4) (3) (2) (I) (24)(23)(22) 

NE5152 
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Vcc(&) 

AeN.(12) 
DoNO(18) 

VEE(14) 
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ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING 

Temperature range 
TA Operating o to +70 
TSTG Storage -65 to +t50 

Vee Power supply 7.0 
VEE -7.0 

Logic levels 
TTL-high 5.5 
TTL-low -0.5 
ECl-high 0.0 
ECl-low o to VEE 

Preliminary Specification 

NE5150/5151/5152 

UNIT 

°C 
°C 

V 
V 

V 
V 
V 
V 

DC ELECTRICAL CHARACTERISTICS Vee - + 5V (TTl), OV (ECl), VEE = -5V, O°C < TA < + 70°C, for NE5150/5151; 
Vee = + 5V (TTl), GND = OV for NE5152, unless otherwise noted. 

LIMITS 
SYMBOL PARAMETER UNIT 

Min Typ Max 

Resolution 4 bits 

Monotonicity 4 b~s 

Nl Non-linearity d'16 ±~ lSB 

DNl Differential non-linearity ±Ys ±1 lSB 

Offset error (25°C) [1111] (BRT= 1) -Ys ±1 lSB 

Gain error (25°C) [00001 (BRT = 1) ±~ ±1 lSB 

Positive power supply (TTl mode) (NE5150) 4.5 5.0 5.5 V 
Vee (TTl mode) (NE5151) 4.75 5.0 5.5 V 

(ECl mode) -0.1 0.0 0.1 V 

VEE Negative power supply (TTl or ECl mode) (NE5150/5151) -4.75 -5.0 -5.5 V 

lee 
Pos~ive supply current (NE5150/5151) 15 25 mA 

(NE5152) 175 210 mA 

lEE 
Negative supply current (NE5150) 175 210 mA 

(NE5151) 145 175 mA 

Analog voltage range (ZS to FS) 603 mV 

Gain tracking (any two channels) ± Y4 lSB 

LSB Least significant btt 40.2 mV 

EWH Enhanced white level (25°C)2 0 mV 

BS Bright shift (25°C)(0 to 1) 71.4 mV 

EBl Enhanced blanking level (25°C)2 -674 mV 

ESY Enhanced sync level (25°C)2 -960 mV 

Ro Output resistance (25°C) 67.5 75.0 82.5 n 
VIH TTL logic input high 2.0 V 

VIL TTL logic input low 0.8 V 

IIH TTL logic high input current (VIN - 2.4V) 20 IJA 
IlL TTL logic low input current (VIN - 0.4V) -1.6 mA 

VIH ECl logic input high -1.045 V 

VIL ECl logic Input low -1.48 V 

IIH ECl logic high Input current (VIN - -0.8V) -1.0 mA 

IlL ECl logic low Input current (VIN - -1.8V) -1.0 mA 
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Preliminary Specification 

NE5150/5151/5152 

TEMPERATURE CHARACTERISTICS Vee-+5V (TIl), OV (ECl), VEE=-5V, 0·C<TA<+70·C, for NE5150/5151; 
Vee - +5V (TIl) GND - OV for NE5152 unless otherwise noted - , -

liMITS 
SYMBOL PARAMETER UNIT 

Min Typ Max 

Offset TC1 ±50 ±100 ppm/·C 

Gain TC1 ±70 ±200 ppml"C 

Gain Tracking TC (any two channels) ±20 ±50 ppm/·C 

Enhanced white level TC1 ±50 ±100 ppm/·C 

Bright shift TC ±70 ±200 ppml"C 

Enhanced blanking level TC ±100 ±300 ppml"C 

Enhanced sync level TC ±100 ±300 ppml"C 

Output resistance TC +1000 +2000 ppml"C 

NOTES: 
1. Normalized to full-scale (603mV). 
2. With respect to [1111] (BRT = 1). 

AC ELECTRICAL CHARACTERISTICS Vee=+5V (TTL), OV (ECl), VEE--5V, 0·C<TA<+70·C, for NE5150/5151; 
Vcc = +5V (TTL), GND = OV for NE5152, unless otherwise noted. 

LIMITS 
SYMBOL PARAMETER UNIT 

Min Typ Max 

fMAl( Maximum operating frequency (NE5150/5152) 110 MHz 

twAS Write address setup (NE5150/5152) 0 ns 

tWAH Write address hold (NE5150/5152) 0 ns 

tWDS Write data setup (NE5150/5152) 4 ns 

tWOH Write data hold (NE5150/5152) 2 ns 

tWEW Write enable pulse width (NE5150/5152) 3 ns 

tRCS Read composlte1 setup (NE5150/5152) 3 ns 

tRcH Read composite1 hold (NE5150/5152) 2 ns 

tRAS Read address setup (NE5150/5152) 3 ns 

tRAH Read address hold (NE5150/5152) 2 ns 

IRsw Read strobe pulse width (NE5150/5152) 3 ns 

tROO Read DAC delay (NE5150/5152) 8 ns 

fMAX Maximum operating frequency (NE5151) 150 MHz 

tes Composite1 setup (NE5151) 3 ns 

teH CompOsite 1 hold (NE5151) 2 ns 

los Data-bits setup (NE5151) 1 ns 

tOH Data-bits hold (NE5151) 5 ns 

Isw Strobe pulse width (NE5151) 3 ns 

too DAC delay (NE5151) 8 ns 

tR DAC rise time (10 - 90%) 3 ns 

Is DAC full-scale settling tima2 10 ns 

COUT Output capacitance (each DAC) 10 pF 

SR Slew rate 200 VIps 
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SYMBOL PARAMETER 

GE Glitch energy 

PSRR3 Power supply rejection ratio (to red, green or blue outputs) 
VEE at 1kHz 
VEE at 10MHz 
VEE at SOMHz 
Vee at 1kHz 
Vec at 10MHz 
Vee at SOMHz 

NOTES: 
1. Composite implies any of the WHITE, BRIGHT, BLANK or SYNC signals. 

Preliminary Specification 

NE5150/5151/5152 

LIMITS 
UNIT 

Min Typ Max 

30 pV-s 

43 dB 
28 dB 
14 dB 
80 dB 
SO dB 
36 dB 

2. Setting to ± h LSB. measured from STROBE 50% point (rising edge). This time includes the delay throught the strobe input buffer and latch. 
3. Wsted PSRR is for the NE5150/51. The NE5152 PSRR specs are identical to the Vee numbers in the table. 

NE5150 PIN DESCRIPTION 
Write enable inputs use negative-true logic 
while all other inputs are positive-true. All 
inputs operate synchronously with the posi
tive edge-triggered strobe input. When V cc is 
taken high (SV), all inputs are TTL compati
ble. When Vee is grounded, all inputs are ECL 
compatible. All DACs are complementary, so 
that all ones is the highest absolute voltage 
and all zeroes is the lowest. All ones is called 
zero-scale (ZS) and all zeroes is called full
scale (FS). The analog output voltage is 
approximately OV (ZS) to -tV (SYNC). 

Pins 1, 24, 23, 22: DATA bits DO (MSB) 
through 03, used to input digital information 
to the memory during the write phase. During 
this phase, the data bits are presented to the 
internal latches (noninverted) and the DACs 
will output the analog equivalent of the stored 
word, unless overridden by WHITE, BLANK or 
SYNC. 

Pins 5, 4, 3, 2: ADDRESS lines AD (MSB) 
through A3, used for selecting a memory 
address to write to or read from. 

Pin 7: WHITE command. Presets the latches 
to all ones [1111] and outputs OV absolute on 
all DACs. Can be modified to -71 mV absolute 
when BRIGHT is taken low. Will be overrid
den by either a BLANK or SYNC command. 

Pin 8: BRIGHT command. A low input here 
turns on an additional -71mV (10 IRE unit) 
switch, shifting all other levels downward. Not 
overridden by any other input. 
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Pin 9: BLANK command. Presets the latches 
to all zeroes [0000] and turns on an additional 
-71mV (10 IRE unit) switch. Absolute output 
is -671mV. Can be modified another -71mV 
to -742mV absolute when BRIGHT is taken 
low. Will override WHITE, and will be overrid
den by SYNC. 

Pin 10: SYNC command. Presets the latches 
to all zeroes [0000] and turns on the BLANK 
switch. Additionally turns on a -286mV (40 
IRE unit) switch in the green channel only. 
Absolute output is -671 mV for the red and 
blue channels, and -957mV for the green 
channel. All levels can be shifted -71 mV by 
taking BRIGHT low. Overrides WHITE and 
BLANK. 

Pins 11, 13, 15: GREEN, RED, BLUE. Analog 
outputs with 7Sn internal termination resis
tors. Can directly drive 7Sn cable and should 
be terminated at the display end of the line 
with 7Sn. Output voltage range is approxi
mately OV to -tV, independent of whether 
the digital inputs are ECL or TTL compatible. 
All outputs are simultaneously affected by the 
WHITE, BLANK or BRIGHT commands. Only 
the GREEN channel carries SYNC informa
tion. 

NOTE: 
There are 100 IRE unils from WHITE .to BLANK. 
One IRE unit is approximately 7.lmV. Full-scale is 
90 IRE units and lOIRE units Is '19 of full-scale (e.g., 
BRIGHT function). 
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Pins 19, 20, 21: WRITEB, WRITER, WRITEG' 
Write enable ·commands for each of the three 
16 X 4 memories. When all write commands 
are high, then the READ operation is select
ed. This is the normal display mode. To write 
data into memOry, the write enable pin is 
taken low. Data DO.:. D3 will be written into 
address AO - A3 of each memory when its 
corresponding write enable pin goes low. 

Pin 17: STROBE. The strobe signal is the 
main system clock and is used for resyn
chronizing digital signals to the DACs. Pre
venting data skew eliminates glitches which 
would otherwise become viSible color distor
tions on a CRT display. The strobe command 
has no special drive requirements and is TTL 
or ECL compatible. 

Pins 12, 16: AGND, DGND- Both Analog and 
Digital ground carry a maximum of approxi
mately 100mA of DC current For. proper 
operation, the difference voltage between 
AGND and DGND should be no greater than 
50mV, preferably less. 

Pin 14: VEE. The negative power supply is the 
main chip power source. Vee is only used for 
TTL input buffers. As is usual, good bypass
ing techniques should be used. The chip itself 
has a gOOd deal of power supply rejection -
well up into the VHF frequency range - so 
no elaborate power supply filtering is neces
sary. 

Pin 18: NC, This unused pin should be tied 
high or low. 
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NE5150/5152 TIMING DIAGRAMS 

srROBE 

ADDRESS 

DACOUTPUT 

Read Cycle 

ADDRESS 

DATA 

WRITE ENA8l.E 

WF149306 

NE5151 PIN DESCRIPTION AND 
TIMING DIAGRAM 

NE5151 TIMING DIAGRAM 

The eleven digilal Inputs DO - 03, AO - A3, 
~ GIRIB, and the unused Pin 18 of.1he 
NE5150 are replaced in the NE5151 with the 
three 4-bit OAC digital inputs GO - G3, 
RO - R3, and BO - B3. All other pin functions 
(e.g., compos~e functions, power supplies, 
strobe, etc.) are identical to the NE5150. 

NE5152 PIN DESCRIPTION 
The NE5152 is a TTL-compatible-only version 
of the NE5150, operating off of a single + 5V 
supply. Vce Pins 6, 12 and 16 should be 
connected to +5V and Pin 14 to OV. OAC 
output is referenced to V ce. 

NE5150/NE5151/NE5152 LOGIC TABLE 

SYNC BLANK WHITE BRIGHT 
1 X X 0 
1 X X 1 
0 1 X 0 
0 1 X 1 
0 0 1 0 
0 0 1 1 
0 0 0 0 
0 0 0 1 
0 0 0 0 
0 0 0 1 

NOTES: 

COMPOSITE 

SJ'ROBE 

DATA lIlTS 

DACOUTPUT 

DATA ADDRESS 

X X 
X X 
X X 
X X 
X X 
X X 

[0000] Note 2 
[0000] Note 2 
[1111] Note 2 
[1111] Note 2 

Preliminary Specification 

NE5150/5151/5152 

WF149308 

Write Cycle 

r-~1--

OUTPu-r3 CONDITION 
-1031mV SYNC1 
-960mV Enhanced SYNC1 
-746mV BLANK 
-674mV Enhanced BLANK 
-71mV WHITE 

OmV Enhanced WHITE 
-674mV BLACK (FS) 
-603mV Enhanced BLACK (EFS) 
-71mV WHITE (ZS) 

OmV Enhanced WHITE (EZS) 

1. Green channel output only. RED and BLUE will output BLANK or Enhanced BLANK under these cond~ions. 
2. For the NE5150/5152 the DATA column represents tha memory data accessed by the specific address. For the NE5151, the DATA is the direct digital inputs. 
3. Note output voltages In Logic Table are referenced to Vee for the NE5152 only. 
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COMPOSITE VIDEO WAVEFORM 
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INTRODUCTION 
Raster-scan systems and bit-mapped graph
ics are here to stay. For a computer to be of 
use, it needs an interactive means of commu
nicating with the user. So for every computer, 
whether it is a 10MFLOP (millions of floating
point operations per second) supercomputer 
or a home computer for playing video games, 
some type of terminal or graphics display 
device is needed. Not long ago, inputs to the 
computer were made using stacks of Hollerith 
cards pushed into a hopper and then read 
into the computer. Results would then come 
from a printer. The hardcopy results were 
exac1ly what they looked like: final judgment 
from the computer. In order to respond, it was 
back to the punch-card machine. Needless to 
say, debugging programs became quite labo
rious. This problem led to the interactive 
display, allowing the user to enter information 
and see the results immediately. A new age in 
computing had arrived. 

The areas of word processing, on-screen 
circuit simulation, and computer graphics de
veloped with great rapidity. As technology 
improved, so did the ability to make larger 
displays having more colors and better reso
lution. As software developed, so did tech
niques such as windowing, the use of icons, 
and the ability to use graphic input devices 
such as mouses, light pens, and joysticks. 
Three-dimensional images and photographic 
quality reproduction soon followed. 

Of the different technologies, how did raster 
scanning predominate over other forms? 
What differentiates bit-mapped graphics sys
tems from character or vector-map systems? 
In the following sec1ions it will become clear 
how technology and economics drove the 
market and, consequently, product develop
ment. 

Displays: Raster, Vector 
Refresh, Storage Tube 
A raster is technically a display of horizontal 
lines. How the display is created is what 
makes it unique. An elec1ron beam generated 
by a CRT (Cathode Ray Tube) and containing 
video information, starts at the top left of the 
screen and traces a path to the right part of 
the screen (see Figure 1). It makes a slight 
angle as it travels across. The gun is then 
turned off as the beam rapidly returns to the 
left. It then repeats this zig-zag path until it 
reaches the bottom of the screen. The gun is 
again turned off as the beam travels back to 
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the top of the screen. This entire process is 
repeated from 30 to 60 times per second so 
flicker is decreased (motion pictures or film 
typically display 24 images per second). What 
the elec1ron beam has done is scanned its 
information onto the screen. This process Is 
called raster scanning. 

0PI1I03OS 

Figure 1. Raster-Scanned Display 

All television sets display information in this 
manner. For television sets in the United 
States, the screen is redrawn 30 times per 
second. Additionally, the screen is inter/aced, 
meaning that every other line is scanned and 
then the lines in b!ltween are scanned. This 
gives the illusion that the image Is continuous. 
Since the television sets have 525 lines, 
262.5 lines are scanned first (the odd field) 
and then the other 262.5 (the even field) are 
scanned. To visualize this, consider a 21-line 
system (see Figure 2). Scanning occurs at the 
above-mentioned 30Hz rate which is also 
known as the frame rate. Two fields (odd and 
even) equal one frame. Scanning 525 lines 30 
times a second equals 15,750 horizontal lines 
scanned in a second. This is called the· 
horizontal scan frequency. These are stan
dard in the U.S., coming under the standard 
known as NTSC (National Television Stan
dards Committee). In Europe, television has 
625 lines and has a frame rate of 25Hz, or 
half the power line frequency, 50Hz. 

Vector refrash displays, or stroke-writers, 
work on the principle that one line is the base 
unit of information. Each line then corre
sponds to a vec1or. Instead of scanning 
continuously, information is drawn line-by
line, hence the name stroke-writer. These 
systems off-load the refreshing tasks to spe-
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cial hardware, making the system· slightly 
more cost-effec1ive. Still, during the 1960's 
making them proved too expensive for every
day applications. 

In 1971, Tektronix introduced the Direc1 View 
Storage Tube (DVST) for displaying and inter
facing graphic data. It was based on oscillo
scope techniques, storing information in a 
special, long-persistence phosphor which 
costs the inside of the screen. The display 
resolution is limited only by the phosphor 
grain size and the quality of the deflec1iCln 
circuitry, Although Inexpensive, these devices 
were fine for oscilloscopes in the lab, but too 
cumbersome for fully interactive work. When 
the screen would redraw itself after the entry 
of new information, the sudden disappear
ance and reappearance was almost like look
ing at the light of a osmera flashbulb. Another 
problem with the storage refresh screen was 
that when new information entered, it would 
write direc11y over the existing information. 
Only upon refreshing the screen would the 
new information be clear and readable. In 
many cases, the annoyance did not justify the 
low cost. 

Bit-Mapped Graphics 
In a bit-mapped graphics system, the screen 
is divided into individual elements called pix
els, short for picture elements. When they say 
"bit-mapped", each pixel corresponds to a 
bit, or, In most cases, an address or memory 
location. This is what differentiates television 
from bit-mapped computer displays. Although 
both systems use raster scanning techniques, 
the information transmitted on television is 
continuous - a stream of analog information 
between horizontai sync pulses (the pulses 
used to denote the beginning and end of a 
horizontai line) - whereas in bit-mapped sys
tems, each line is divided into discrete ele
ments (the aforementIOned pixels). Tha ap
proximation of analog images would then be 
determined by the pixel density or screen 
resolution. As an example, Figure 3 shows a 
line approximated bya finite number of pixels. 

The lines seem to staircase rather than flow 
because of the enlargement of the pixels. The 
effec1 is known in some computer graphics 
circles as "jaggies", short for jagged edges. 

So, with more pixels, better resolution is 
pOSSIble. This is not without a price, though. 
Since each pixel corresponds to a memory 
location, memory cost rises dramatically as 
pixel resolution increases. Drawing speed 
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A sample scanning pattem for 21 inter1aced lines per frame and 10h lines per fiekt. The corresponding H and V 
sawtooth deflection waveforms are shown beJow pattern. Starting at point A, the scanning motion continues through B, 
C. and D. and back to A again. 

FIgure 2. Interlaced Raster for 21·Llne Sy8tem 

Figure 3. Ideal Une and It8 DI8crete Pixel Representation 

must also increase since more pixels have to 
be drawn to maintain the .. 30Hz frame rate 
needed to avoid flicker. Clearly then. the 
increase in bit-mapped graphics systems can 
be tied to the continuing price reductions in 
memory, specifically, the Dynamic Random 
Access Memory (DRAM). Fortunately, as the 
price has dropped, the memory size has not 
stood still. The last 14 years have seen size 
increases from 4k to 16k, 16k to 64k, 64k to 
256k, and now, 256k to 1 M bits of memory. 
One might expect to see DRAMs on the order 
of 4Mb within 2 to 3 years. Additionally, the 
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continuing development of video RAMs can
not be ignored. 

A bit-mapped system might be described in 
one of three ways. First, assume the display 
is monochrome and that each pixel can be 
represented by a certain number, for in
stance, 4 bits of information. This means that 
there are 24 = 16 possible values of shading. 
Each bit of information can be represented by 
a "plane" of information. The plane would 
correspond to the area that was mapped by 
the pixels, namely the drawing area or dis
play. Imagine an 8 x 8 pixel display. This 
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means that there are 4 bit-planes and each 
pixel would have to pierce all four planes to 
give the proper information (see Figure 4) . 
This is a fairly quick way to draw the screen 
since the data goes directly from the bit-map 
to the DAC (Digital! Analog Converter; DAC is 
singular here since the display is mono
chrome). 

A direct conversion system for color is the 
second step. This is just an upgrade of the 
first case. Instead of 4 bit-planes, there are 
12: three sets of the 4 planes for the three 
primary colors red, green, and blue. The 
advantage here is that there are now 
212 = 4096 different colors, but the corre
sponding disadvantage is that the memory 
requirement has tripled. For more bit resolu
tion per pixel, the associated memory de
mands increase by 3 times the pixel size 
times n, where n is the additional bit of 
resolution per pixel. 

The third type of bit-map system uses a color 
look-up table (CLUn as the driver for the 
display. The operation is straightforward. As 
the controller scans the bit-map each time it 
comes upon a pixel, it retrieves the bits which 
are then decoded into an address. This 
address is a pointer to the look-up table 
where sixteen 12-bit words (colors) are stored 
(see Figure 5). Once selected, that word is 
then sent to the color DACs and, from there, 
to the screen. The idea is similar to that of 
having cache memory in a computer, a fast 
memory used when the information in the 
memory is frequently accessed. Note that the 
bit-planes grow as n for 2n additional colors 
while memory grows for 3n in the direct 
conversion case, a definite savings in memo
ry. 

The limitation in this case is that only 16 
colors can be displayed at a time. In some 
systems, however, the CLUT is fast enough 
to be reloaded during the horizontal retrace 
time (CLUT size is sometimes referred to as 
the maximum number of colors that can be 
displayed on one horizontal line). This is 
especially important if the image is to simu
late a smooth motion such as the rotation of a 
merry-go-round or the movement of an object 
with mirrored surfaces. In most cases, 16 
colors is sufficient for any single display. 64 
colors (6 bit-planes) is extremely good. 256 
colors (8 bit-planes) is definitely a lUXUry. 

It's clear that the memory speed and memory 
density, which are direct functions of the color 
and screen resolution, playa large part in the 
feasibility of a bit-mapped system. For that 
reason, the enormous gains and technologi
cal advancements in the field of memory 
design have made bit-mapped raster-scan 
graphic systems the best choice for both cost 
and performance. 

I 
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PLANE 1 
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Figure 4. Monochrome Blt·Map With Direct Conversion to Display 

PLANE3 

PLANE2 

PLANEI 

PLANEO 

BIT PLANES 

DISPLAY 

18-WORD COLDR LOOK UP TABLE 

REDCWT GREEN CWT BWECWT 
o 
1 
2 
3 
4 
& 
8 
7 
8 

~tldrlEl]P~t[~iV~~mE~~ 
11 
12 
13 
14 
16 

(PIXEL 18 ORANGE) 

DI."" .. 
Figure 5. Color Blt·Map With 16-Word Color Look·Up Table 

ISSUES FOR GRAPHIC DISPLAY 
SYSTEMS 
Making the DAC Fit the 
Application 
When designing graphic display systems, 
there are many decisions to be made in 
specifying the hardware and software needed 
for a system. What kind of speed is necessary 
In a given application? What kind of resolution 
will the users of the system require? Is color 
needed or will monochrome be adequlite? If 
color, how many colors? Will images be 
viewed In two or three dimensions? How 
much memory Is needed? How should the 
microprocessor/CRT COI1trolier/video DAC/ 
frame buffer be matched with the rest of the 
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system? What's the best type of software for 
a particular application? and on and on ... 

These questions could form the subject of an 
entire book and so will not be discussed in 
detail. This section will, however, discuss the 
few issues needed in the selection of the 
proper video DAC for a system. 

Display Resolution VB Bit Resolution 
When the quality of a display terminal is being 
evaluated, one primary consideretion is the 
kind of resolution it has. There are two 
different types of resolution: display resolu
tion, which is determined by the monitor and 
cannot be changed by the design; and bit 
resolution, which is dependent on the design 
of the video DAC used. 

5·190 

Display resolution determines how many pix
els can be projected onto the monitor at any 
one time. (Actually, only one pixel is displayed 
on the screen at a lime, in rapid succession). 
Table 1 shows commonly-used screen reso
lutions corresponding to various applications. 

However, since each pixel must correspond 
to a memory element, the more pixels per 
screen the faster the DAC and video RAM 
must be in order to write the information to 
the screen fast enough to avoid flicker. This 
imposes speed requirements that have to be 
satisfied. 

The other type of resolution, bit resolution, 
depends on the type of DAC used. The 
number of bits converted also determines the 
size of the color palette which is the number 
of possible colors that can be displayed. This 
should not be confused with the number of 
colors displayed at once (see Section on 
Color Look-Up Tables). Assuming that the 
monitor is an RGB:type, the bit resolution, n, 
must be multiplied by 3 to get the total bit 
resolution, 3n. Taking this number as tln 
gives the size of our color palette. Table 2 
shows common bit sizes for video DACs with 
their corresponding palettes. 

It should be clear that, if imaging is the goal, a 
higher bit resolution gives access to the 
assorted tones and mixtures of colors that 
mlike color graphics as realistic as possible. 
The major problems associated with higher
resolution DACs are that they are larger and 
more complex than lower-resolution DACs 
and tend to take longer for their Signals to 
settle. This has a direct effect on selection of 
the proper DAC for a particular system be
cause of the DAC's bandwidth and because 
of the need to weigh advantages and disad
vantages of higher and lower bit resolutions. 

For a low-end personal computer graphics 
screen on which the pixels can actually be 
seen at arm's length, It makes little sense to 
have a bit resolution that shows flesh tones 
because the benefit of the large palette is 
defeated by a screen that shows jagged 
edges. On the other hand, having a high 
screen resolution with a limited amount of 
colors does not defeat th.e purpose in the 
same way - if many colors aren't needed. 

Integrated circuit layout, for instance, may not 
require thousands of colors - only enough to 
distinguish 12 - 15 masks; but sharply de
fined edges and zooming ability are needed 
to examine the circuit. The need for this user 
could be a bit resolution of 2 (64 colors) and a 
display resolution of 1 024 ~ 1280. 

For all this talk of colors and bit resolution, 
monochrome should not be totally ignored. 
After all, people got along fine with black and 
white TV for years before color came along. 
For applications such as word proosssing or 
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Table 1. Display Resolutions With Applications 

DISPLAY RESOLUTION APPLICATION 

250 X 500 Low-end personal computers (home computers) 

640 X 480 High-end personal computers 

600 X 800 Next-generation personal computers 

768 X 576 Next-generation personal computers 

1024 X 800 Workstations 

1024 X 1024 High-end workstations 

1024 X 1280 High-end graphics terminals (CAE/CAD) 

1024 X 1500 High-end graphics terminals (3-0 Imaging) 

1500 X 1500 High-end graphics terminals 

2048 X 2048 High-end graphics terminals (photo quality) 

Table 2. Bit Resolution With Palette Size 

BITS/DAC RGB PALETTE SIZE APPLICATION 

1 3 8 Digital RGB, "rainbow colors" 

2 6 64 Some home and personal computers 

4 12 4096 Color workstations, CAD/CAE 

6 18 262,144 High-end CAD/CAE, medical imaging 

8 24 16,777,216 Photographic quality reproduction 

Table 3. Display Resolution With Minimum DAC Speed 

DISPLAY RESOLUTION 

250 X 500 

640 X 480 

600 X 800 

768 X 576 

1024 X 800 

1024 X 1024 

1024 X 1280 

1024 X 1500 

1500 X 1500 

2048 X 2048 

circuit design, monochrome is fine. To 
achieve different shades of black and white, 
no chrominance operation is necesssry. All of 
the bit resolution can be done with one DAC 
to operate on the luminance, or brightness 
signal. In this case, the brightness resolution 
can be said to be 2". Remember, the deciSion 
to go with color or monochrome does not rest 
upon the designers of the graphics board. A 
monitor is either color or monochrome to 
begin with. Adding a color video DAC won't 
change that. 

DAC Speed 
The DAC's update rate or bandwidth is a 
crucial consideration in chOOSing a DAC if the 
type of monitor has already been specified. 

February 1987 

'" PIXELS MINIMUM DAC SPEED 

125,000 10MHz 

308,000 25MHz 

480,000 38MHz 

443,000 35M Hz 

820,000 65MHz 

1,049,000 85MHz 

1,311,000 105MHz 

1,536,000 125MHz 

2,250,000 180MHz 

4,195,000 330M Hz 

For raster-scan systems, a few calculations 
can be made to determine the minimum 
speed required for the DAC. 

First of all, assume that the screen needs to 
be refreshed at 60Hz to avoid flicker. To 
account for the electron beam going back to 
the top to start the next frame, assume that 
the retrace time is 30% of the drawing time. 
Multiply the frame rate by 1.3 to account for 
the retrace. Thus, the minimum bandwidth for 
the DAC would be determined by the follow
ing formula: 

Speed (Hz) - 1.3 (retrace factor) 
X # pixels X 60Hz (frame rate) 
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For the screen resolutions noted earlier, a 
new table can be generated for the minimum 
DAC speed required (see Figure 8). 

For the 60Hz frame rate, the screen is proba
bly not interlaced. Interlacing the screen at 
30Hz would give the same effect because 
interlacing gives the illusion that the screen is 
being refreshed at a faster rate. The DAC 
would only have to operate at a quarter of the 
speed of the 60Hz non-interlaced rate be
cause only half of the lines are being drawn at 
a speed that's half the 60Hz frame rate. This 
is how scanning operates under the NTSC 
television standard. The FCC says that televi
sions can't refresh the screen faster than 
30Hz, so interlacing was developed to get 
around it. There are no such restrictions in 
graphics monitors. In fact, there are monitors 
that have horizontal scan rates as much as 4 
times faster (65kHz) than that for television 
(15.75kHz). 

Color Look-Up Tables: Yes or 
No? 
As mentioned in the Bit-Mapped Graphics I 
section, graphic systems may have direct 
conversion from a bit-map or they can use 
color look-up tables (CLUTs). It should be 
pointed out that one is not necessarily faster 
than the other. Speed depends primarily on 
the system. A fast CLUT is of no use if the 
external frame buffer can't load a new set of 
colors into the CLUT during the retrace time 
(horizontal or vertical). A video DAC without 
the CLUT may be faster since it can bypass 
the memory accesses needed for the CLUT, 
but, as seen in the Bit-Mapped Graphics 
section, the extra cost of the bit-planes (1 
million additional bits for a 1024 X 1024 dis-
play) may be excessive, and accessing the 
additional planes may produce some design 
problems. 

If a CLUT is needed, the size of the CLUT 
should also be a major consideration. Each 
bit-plane added requires 2" more memory 
cells. Constraints on die-size and power re
quirements become apparent. Also, one must 
ask whether one needs 16, 32, 64, 128, or 
256 colors on every line. This depends on the 
color resolution desired for the entire screen. 
An easy way to determine the system needs 
is to picture the most common scene that 
would be displayed. The generel rule is that 
the more complex and three-dimensional the 
images that are required, the more variations 
and shading are needed to truly represent 
them. Conversely, if the image is simple and 
twO-dimensional, fewer colors would be need
ed. An example of the former would be 
geological formations. For the latter, consider 
the colors of flags of the world's nations. 
Almost all of them can be displayed with a 
CLUT of 16 colors. Remember, this refers to 
the number of colors needed at any vne time. 
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No flag has more than 16 colors. The range 
of colors available for display after CLUT 
refresh depends on the color resolution or the 
number of data bits for each pixel. 

Gamma Correction 
A problem encountered in both television 
systems and in display monitors In general is 
the gamma effect. this is due to the nonlinear 
relationship between light output and the 
signal voltage applied to a cathode-ray tUbe. 
Although it would be desirable to have the 
luminous output of the phosphors on the 
display to vary directly with the changes in the 
signal applied to it, they usually do not. Each 
monitor has its own characteristic, but the 
international convention is to assume that the 
fractional value of the luminous output can be 
approximated by raiSing the percentage of 
display signal input to the 2.2 power. For 
example, a 60% of full-scale input signal will 
result in 33% of the full-scale luminous output 
(0.62.2 = 0.33). 

In Figure 6, the monitor does not respond 
linearly for a linear input signal. Adding a 
gamma correction circuit can take care of this 
problem. 
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Figure 6. Monitor and System 
Response With Gamma Correction 

In the television Industry, correction for this 
non-linearity takes place at the camera as the 
image is recorded. The camera takes the 2.2 
root of its full-scale fractional value. This 
cancels the gamma effect and produces a 
linear system response. 

In graphics systems for which the image is' 
generated from digital Information, DACs con
vert the digital information into a voltage that 
drives the guns of the CRT. Basically, the 
systems designer has three choices: 

1. Correct for gamma in the software. This 
can be done by using the 2.2 power/root 
compensation to pixel values before they 
are stored into the frame buffer. This 
could be an expensive addition to the 
software and might slow the overall sys-

February 1987 

tern because of the added computation 
time. 

2. Apply analog gamma correction in the 
hardware. The correction factor could be 
done with additional circuitry to the out
put of the DAC before it drives the 
monitor. As mentioned before, this pre
sents an additional hardware overhead. 
This is not done, however, without some 
risks. Since every monitor has individual 
characteristics, the resulting correction 
would not look the same on every moni
tor. 

3. Ignore the whole subject and accept the 
non-linearity of the luminous output as a 
characteristic of the system. Since most 
graphics applications are for the genera
tion of images for specific problems and 
not for the lifelike reproduction of scenes 
(although it would be desirable), a gam
ma correction mechanism is unneces
sary. 

This last approach seems to be the most 
prevalent solution since few, if any, DACs 
contain gamma correction circuitry. When 
graphics software designers select their col
ors, they do so for the best visual perfor
mance. This fine-tuning for colors and shad
ing is really software gamma correction be
cause they can select the digital information 
needed for colors and intensity and see the 
results from the other side of the monitor. 

CIRCUIT FEATURES AND 
OPERATION 
This section covers the basic features and 
operstion of the NE5150/51 152. The first two 
sections briefly discuss RS-170 and RS-
343A, the standards for color and mono
chrome video systems. The next section 
covers the composite video signal (CVS) that 
is specified in the two previous standards. 

RS-343A and RS-170 
RS-170, the Electrical Performance Stan
dards for Monochrome Television Studio Fa
cilities, and RS-343A, the Electrical Perfor
mance Standards for High Resolution Mono
chrome Closed Circuit Television Cameras, 
were issued in November 1957 and Septem
ber 1969, respectively, by the EIA (Electronic 
Industries Association). The. specifications 
outlined in RS-343A datermine the voltage 
levels required for the part. 

Composite Video Signal 
Shown in Figure 7 is a section of a composite 
video signal. With the exception of the 
BRIGHT function, the levels and tolerances 
are specified by RS-343A. 

Sync, Blank, and Setup 
The sync Signal is situated 286mV (40 IRE) 
below the blanking level which lies 714mV 
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(100 IRE) below the reference white level 
(next section). The sync signal synchronizes 
the monitor horizontal and vertical scanning. 
This, and the rest of the composite video 
signal, is not to be confused with the compos
ite sync signal which is often used for a 
combined horizontal and vertical sync signal. 

The blank level lies just below the reference 
black level, separated by an amount known 
as the setup. The difference between refer
ence white and the blanking level is defined 
as 100 IRE. Applying the blanking level volt
age to the monitor input will reduce the CRT 
electron beam current so that there will be no 
visible trace of the electron gun on the 
phosphor. 

For television, the setup is defined as the 
ratio between the reference white and the 
reference black level measured from the 
blanking level. It is usually expressed as a 
percentage. Basically, it's the difference be
tween the reference black level and the 
composite blanking level. RS-343A has set 
the limits of the setup as 7.5 ± 5 IRE. Any 
value between 2.5 to 12.5% of the blanked 
picture signal can be designated as the setup 
(2.5-12.5 IRE or 17.85-89.25mV). Since 
the full-scale range of the video signal repre
sents 100 IRE, a percentage of the signal is 
synonymous with its IRE value. For the 
NE5150, the setup is 71mV or 10 IRE. 

Reference Black and White 
Reference black and white correspond to the 
signal levels for a maximum limit of black and 
white peaks. White corresponds to having all 
color guns on and black to having all guns off. 
The gray scale, which refers to the rest of the 
color values and contains a majority of the 
signal information, is defined by the amplitude 
between reference white and reference 
black. Since the reference white to blanking 
level is fixed at 100 IRE, the reference black 
level is determined by the setup. Since the 
setup can be between 2.5 and 12.5 IRE, the 
gray scale range must refiect those toler
ances and so has a range of 92.5 ± 5 IRE 
(660.5mV ± 35.7mV). 

To allow for a BRIGHT function, the NE51501 
51/52 family of video DACs were designed 
for a full-scale range (blank to reference 
white) of 675mV (about 94 IRE) and a gray
scale range of 643mV (about 90 IRE). Using 
the BRIGHT function adds 71mV (10 IRE) to 
the reference white value. 

For instance, in a 12-bit system like the 
NE5150/51/52, using 4 bits/DAC would en
able us to resolve the gray scale range into 
16 parts. For the NE5150, that would be 
about 40.1 mV (5.6 IRE) = 1 LSB. For 6 bits, 
64 parts could be resolved, and for 8 bits, 256 
parts. 



Signetics Linear Products Application Note 

NE5150j51j52 Family of Video Digital-to-Analog Converters AN1081 

T 
1V 

I 
T 
(VIDEO) 
714mV 

r 
(SYNC) 

288mV (4OIRE) 
-L 

- ENHANCEDWHITE(BRIGHll 

TREFERENCEWHITE 

GRAYSCALE 
92.5 :t5IRE 

SETUP 11 REFERENCE BLACK 
(7.5 ±5IRE) -COMPOSITEBLANKlNQ 

-SYNC LEVEL 

Figure 7. R8-343A Video and Sync Levels 

NE5150/NE5151/NE5152 LOGIC TABLE 

SYNC BLANK WHITE BRIGHT DATA ADDRESS OUTPUT3 CONDITION 

1 X X 0 X X -10SlmV SYNC' 
1 X X 1 X X -960mV Enhanced SYNC 1 
0 1 X 0 X X -746mV BLANK 
0 1 X 1 X X -674mV Enhanced BLANK 
0 0 1 0 X X -71mV WHITE 
0 0 1 1 X X OmV Enhanced WHITE 
0 0 0 0 [0000] Note 2 -674mV BLACK (FS) 

0 0 0 1 [0000] Note 2 -60SmV Enhanced BLACK 
(EFS) 

0 0 0 0 [11111 Note 2 -71mV WHITE (ZS) 

0 0 0 1 [1111] Note 2 OmV 
Enhanced WHITE 
(EZS) 

NOTES: 
1. Green channel output only. RED and BLUE will output BLANK or ENHANCED BLANK (BRIGHT ON) under 

these condijions. 
2. For Iha NE5150/5152, the DATA column represents the memory data accessed by the specific address. For 

the NE5151, the DATA is the direct digital inputs. 
3. Note output voltages In Logic Table are referenced to Vee for the NE5152 only. 

Device Description and 
Operation 
Corresponding to the RS·343A requirements 
outlined in the previous section, the logic 
table indicates the oUlput voltages given the 
digital inputs shown. Although the output 
voltages for the DACs are shown, the user 
should also know what is happening to the 
circuit and how the priority given to each 
function influences the output. [All ones 
(1111) is called zero·scale (ZS) and all zeroes 
(0000) is called full·scale (FS).) 

The BLANK command presets all the latches 
to all zeroes (0000) and sends the output to 
its blanking level of 100 ± 5 IRE below refer· 
enca white (-71 mY) or about -746mV. When 
BRIGHT is on (a '1'), the output is raised 10 
IRE (71mV or Ysth of full·scale) to -674mV. 
BLANK overrides WHITE and is overridden 
by SYNC. 

The WHITE command presets the latches to 
all ones (1111) and outputs -71mV to all 
DACs. When the BRIGHT command is on, 
this value is raised to OV. WHITE will be 
overridden by both SYNC and BLANK. 
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The SYNC command presets all of the 
latches to zeroes and turns on the BLANK 
switch. In addition, it turns on a 40 IRE switch 
(drops voltage 286mV) in the GREEN chan
nel only. So the GREEN channel sits at 140 
IRE down and the RED and BLUE channels 
will be 100 IRE below ground. 

The BRIGHT command turns off one current 
switch within the circuit and adds lOIRE 
(71 mY) to the output levels of all three guns. 
This comes in handy if using a cursor (option
al blinking) to brighten other parts of the 
screen. This switch cannot be overridden by 
any other switch. 

Referring to the pinouts of both the NE51501 
52 and the NE5151 (see Figure 8), there are 
additional considerations. 

The WRITEG, WRITER, and WRITEs pins are 
the write enable pins for each of the 16 X 4 
memories in the CLUT. When these pins are 
pulled High, the memory is then in the READ 
mode. This is the normal mode of operation. 
To write to the memory, one of the pins must 
be pulled Low. The data on DO - D3 will then 
be written to the memory location AO - A3 of 
the corresponding WRITE pin. 
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DO(MSS)1 

All 

All 

AI 
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WHITE 7 

BRIGHT 

SYNC 
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Aa •• 

SYNC 

GREEN 
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BRIGHT 

BLANK 

GREEN 

lOP VIEW 

lOP VIEW 

Vee 'L..... ___ ...r-

lOP VIEW 

R1 

R2 

R3 

BD(MSB) 

B1 

B2 

B3 

D1 

D2 

D3 

NC 

STROBE 

Figure 8. Pinouts of NES1S0/S2 and 
NES1S1 

STROBE is the main system clock and syn
chronizes all digital operations on the DAC. 

I 
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The strobe is ECl and TIL compatible and 
demands no special drive requirements. The 
positive edge of STROBE clocks the latches. 

The GREEN, RED, and BLUE pins are the 
analog outputs of the DACs. The DACs are 
voltage output and need no external compo
nents (750. resistors are on-chip). The output 
voltage range is approximately 0 to -1V and 
is independent of the input logic (either TTL 
or ECl). 

The DATA and ADDRESS bits are designated 
so that DO and AO represent the most signifi
cant data and address bits (MSB), respective
ly. Similarly, D3 and A3 correspond to the 
least significant data and address bits (lSB). 
Since the NE5151 has no ClUT, there is no 
need for the address pins (4) or the write 
enable pins (3). Adding the NC (no connec
tion) pin (1) gives the eight additional input 
pins for two 4-bit DACs. The original data bus 
now carries the logic for the RED gun. 

Analog and digital ground (AQND and DGND) 
should always be connected together in any 
configuration and should not have more than 
50mV of potential between them to insure 
proper operation of the device. The next 
section will cover connection of Vee and VEE, 
in addition to AQND and DGND, on different 
system configurations. 

VTH=-UV 

TTL 

Using Different logic and Supply 
Voltages 
Different users have different needs. Some 
have access to dual supplies, other only to 
single-ended supplies. Signal logic may be 
TTL or ECL. In any case or configuration, the 
NE5150/S1/S2 family can be used. The fol
lowing configurations cover most cases. 

Explanation of the configurations are as fol-
lows: ' 

A. Case A shows a basic ECl configuration 
for the NES1S0 and NE5151. The signal 
voltage is basic ECl with a -1.3V thresh
old and is powered from ground and -SV 
(or -5.2V). Since the TIL buffers are no 
longer needed, Vee is tied to analog and 
digital ground (AQND and DGND), excluding 
the buffers from the circuit. 

B. In some cases, people use ECl logic but 
run it off a single supply, + SV and ground. 
In this case, operation is the same exc,ept 
that the supplies are shifted up SV. In this 
new ECl mode, the threshold -1.3V is 
moved up by SV to +3. 7V. ECl operation 
is not available for the NES1S2. 

C. For TTL operation in the NES150 and 
NES151, dual supplies are normally need
ed. If available, standard TIL-level signals 
with a + 1.4V threshold (between a logic '1' 
low of 2.0V and a logic '0' High of 0.8V) 
can be connected directly. 

eeL 

vee 

AoND 

DoND 

VEE 

NESl50 
NE51III 

(A) 

VTH =&7V 

EeL 

V",=3.7V 

-lOR 5.2V 

(8) 

TTL +5V 

NESI50 
NE51111 -SOR -5.2V 

NE5150 
NE51SI 

Figure 9. Video DAC Modes of Operation 
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D. In some situations, a dual supply is not 
available. Single-supply TIL operation is 
made possible by making similar connec
tions and by pulling up the Inputs of each 
pin with a 10ko. resistor connected to 
Vee - + SV. This Is necessary because the 
threshold is now 3. 7V. 

E. Case (D) necessitated the construction of 
the NES152, which has only one mode 
using a single 5V supply and accepts TIL 
inputs. AQND and DGND become VCCA and 
Vcco and are tied to Vee. 

In some cases, a single supply is used and 
the internal ECl mode has been shifted up 
to the positive supply; the output voltage 
will be swinging from OV to -1V, but, 
referenced from Vee- +SV, it will swing 
from SV to 4V. If the monitor accepta only 
positive sync pulses or video information, 
DC-offsetting the outputs or AC-coupling 
them with 1pF capacitors would make the 
signal acceptable to the monitor. 

Since the outputs have internal 7So. resistors, 
the monitor should have a 7So. resistor to 
ground in order to doubly-terminate the cable 
and to prevent reflections. 

Unused Inputs 
For ECl mode (NE5150), any unused inputs, 
regardless of desired permanent stage, 
should be tied to a fixed-level output of an 
unused gate. 

+5V 

TTL +sv 

DIGITAL vee 
INPUTS VCCA 

Vcco 
':" 

VTH-UV 
VEE 

NEI1III ':" 

lEI 

BD08&718 
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BLOCK DIAGRAMS 

Ved8) 

AoN0(12) 

DONO (18) 

VEE (14) 

STROBE (17) 

WHITE (7) 
SYNC (10) 

BLANK (9) 

BRIGHT (8) 
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NE5150 
AO AI A2 A3DO D1 0203 
(5) (4) (3) (2) (1) (24)(23)(22) 

(11) 
GREEN 

(13) 
RED 

Vee (8, 12, 16) 

GND(14) 

STROBE (17) 

WHITE (7) 
SYNC (10) 

BLANK (9) 
BRIGHT(8) 

(15) 
aWE 

NE5152 

Vee (6) 
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VEE (14) 

STROBE (17) 
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(11) (13) (IS) 
GREEN RED BLUE 

Figure 10. NE5150/51/52 Block Diagrams 
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Circuit Description 

As can be seen from the block diagrams in 
Figure 13, the only difference between the 
NE5150/52 and the NE5151 is the lack of a 
color look-up table on the NE5151. Bypassing 
the GLUT with its assorted address decoding, 
sense amplifiers, and readlwrite logic en
ables it to not only use 200mW less power, 
but also to increase its update rate to 
150MHz. 

The NE5151 is basically the same die as the 
NE5150/52, with the exception of a metal 
mask option that permits it to bypass all of the 
circuitry associated with the GLUT. It is also 
bonded differently to enable all 12 bits to be 
loaded into the DAG at anyone time instead 
of being multiplexed 4 bits at a time to the 
NE5150/52 GLUT. 

DAC Reference 
The need for separate references for the 
DACs resulted from the problems associated 
with glitching and crosstalk between the 
DACs. When one DAC maintains a constant 
value through pixel updates, while another 
undergoes major transitions such as the 1111 
to 0000 onloff switching of currents through 
the DAC, feedthrough can be expected if all 3 
DACs derive their reference voltage from the 
same source. Having separate references 
solves this problem. It also isolates the DACs 
from each other and the other parts of the 
circuit. 

The reasons for choosing the DAG shown in 
Figure 12 are its simplicity, the bandgap's 
insensitivity to temperature variations, and its 
excellent supply rejection (PSRR) through 
high frequencies. It consists of a PTAT cur
rent source supplying a bandgap reference. 
The output of the bandgap is approximately 
-1.2V. 

To provide the bias for the different current 
sources on each of the DAC stages, the 
circuit uses a control amplifier that provides 
negative feedback to maintain its stability. BIT 
and its complement drive the differential pair 
that (along with OS2) makes up one part of 
the DAC. The bandgap drives the current 
sources through the control amplifier. If the 
bias line voltage should rise or fall, the 
negative feedback in the OS1 and OS3 cur
rent path would correct for it. 

The control amplifier consists of a transcon
ductance stage driving an emitter-follower. 
The output of the emitter-follower provides a 
low-output impedance line that drives OS4. 
The inclusion of OS4 prevents switching tran
sients from degrading settling time. The con
trol amplifier has a 60MHz unity-gain band
width, providing power supply rejection up 
into the VHF range. 
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Figure 11 _ Bandgap Reference for DAC (1 of 3) 

Digital-la-Analog Converlers 
The three DACs consist of differential pairs 
that are switched on or off depending on the 
value of the bits. Each of the transistors 
switches a different amount of current de
pending on the significance of each bit (see 
Figure 13). Although only one transistor is 
shown for each bit, the circuit actually has 
several transistors in parallel to get the re
quired current. In this case, B3 is the least 
significant bit since it switches the least 
amount of current and would produce the 
smallest voltage drop across the 75.12 load 
resistor. The reverse is true for BO, the most 
significant bit, since it draws the most current. 

So for all bits low, 0000, all of the current 
would go through the load resistor, bringing 
the output voltage to its lowest point. If all 
three DACs are low, this would correspond to 
reference BLACK. All bits high, or 1111, shunt 
current away from the load and leave the 
output voltage at reference WHITE. Different 
combinations of bits give 16 values between 
WHITE and BLACK. One additional 2mA 
switch is turned on by the input value of 
BRIGHT, which level-shifts the output by )19th 
the full-scale value, or about 10%. The 
BLANK and SYNC pins work in a similar 
manner. Refer to the Logic Table beside 
Figure 8 for the output voltages for each of 
these functions. 

Some of the problems associated with DACs 
can be attributed to switching glitches, usually 
measured in terms of glitch energy. Glitching 
occurs when digital switching of the transis
tors causes spikes onto the collectors of the 
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current sources to each of the differential 
pairs. These current spikes charge the collec
tor-base capacitance, CJC, of the collector 
transistor, and result in a slower settling time. 
The asymmetrical turn-on/off behavior of bi
polar transistors and mismatched load bit
wiring capacitances also contribute to glitch
es. This can also be seen as an overshoot of 
the waveform, a "glitch" on the rising or 
falling edge of what should look like a square 
wave. Signals that overshoot the desired 
analog output level consequently take longer 
to settle to their final value. The measure of 
this overshoot is the glitch energy, usually 
given in pV-sec. The units do not actually 
work out as units of energy or Joules, which is 
G-V (Coulomb-Volts), but result from measur
ing the area of the glitch [Area = Height 
(V) x Width (psec)]. 

The NE5150/51 152 resolves this problem by 
putting the current sources in series wilh 
another set of transistors (see Figure 14). The 
stage below the differential pair is then biased 
by a low-impedance line which reduces the 
effect of the current spiking. The biasing for 
the lower transistor comes from the control 
amplifier mentioned in the DAG Reference 
Section. 

Video DAC Timing 
For the NE5150 and NE5152, the presence 
of the memory dictates both a READ and a 
WRITE cycle, whereas the NE5151 needs 
only one diagram. The explanation of each of 
the waveforms can be found in the liming 
glossary. For the guaranteed specifications, 
the user is referred to the data sheet. 
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NE5150/52 (With CLUT) 
In the NE5150/52 READ cycle, the COM
POSITE signal refers to either the WHITE, 
BRIGHT, BLANK, or SYNC signals. The read 
composite hold time, tACH, is defined from the 
rising edge of the strobe to the end of the 
composite pulse. This is the required time the 
composite signal must remain on the bus for 
latching. The time between the end of the 
composite pulse to the next rising edge of the 
strobe defines the read composite setup time, 
tACS' This is the same as the read address 
setup time, tAAS. The read DAC delay time, 
tAOO, is the propagation time of the signal 
through the device clocked from the strobe to 
the 50% change of the DAC output. 

In the WRITE cycle, tWAS, the write address 
setup time is defined by the start of address 
to the falling edge of the write enable strobe. 
At the end of this time, data can be written to 
the CLUT. Both ADDRESS and DATA must 
remain latched until they reach the rising 
edge of the WRITE ENABLE. This defines the 
WRITE ENABLE pulse width, tWEW' The data 
should also be latched at the same time as 
the address. The start of the data (and 
address) to the end of the write enable pulse 
is defined as tWDS, or the write data setup 
time. After the write pulse finishes, an ad
dress and data hold time is also specHied. 

NE5151 (No CLUT) 
Since the NE5151 has no memory for the 
signal to propagate through, it typically has a 
faster conversion time. As can be seen from 
the pinouts, the three 4-bit words enter the 
DAC simultaneously as opposed to the se
quential 4-bit loading scheme used in the 
NE5150/52. With no memory, there's no 
need for READ or WRITE cycles and so there 
is only one standard timing diagram. (See 
Figure 16). 

This timing diagram is similar to the READ 
cycle of the NE5150/52 with the exception 
that addresses are not clocked to the CLUT; 
instead, data bits are sent directly to the 
DACs. In this case, tOH is analogous to the 
address hold time in the NE5150/52. All 
other definitions are analogous to the earlier 
READ case. 

WORKSTATION APPLICATION 

Introduction 
This section describes the design of a color 
graphics interface for the Modula, Inc. Lilith 
Workstation. The workstation initially loads 16 
colors (it only requires 16) into the NE5150's 
color look-up table. After the colors are load
ed, the workstation then generates addresses 
to the look-up table. The entire color range 
(4096) is not required in this application. 
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Figure 12_ Negative Feedback Referenced to Bandgap 
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B3 

mMO-~~~------~~-----~-=~----~. 
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vuo--~~------~------+--_____ ~ 
Figure 13_ Simplified Schematic of DAC (1 of 3) 

The LILITH Workatatlon 
The Lilith Workstation is a 16-bit workstation 
manufactured by Modula, Inc. It was originally 
designed by Niklaus Wirth and his students at 
the SwiSS Federal Institute of Technology 
(ETH). The Lilith is a Modula-2 computing 
engine. In Its original package, the Lilith 
includes 256kB of memory, a 15MB Winches
ter disk drive, a floppy disk, a mouse, and an 
832 x 640 monochrome graphics tube. 

The Signetics Logic Design Group in Orem, 
Utah, has modified the Lilith by adding 2MB of 
memory and a high-resolution 1024 X 1024 
color monitor. The changes made to the Lilith 
graphics section comprise the bulk of this 
application description. Benchmarks of the 
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modified workstation have shown that its 
performance on applications ranging from 
matrix multiplications to complete circuit anal
ysis is approximately half as fast as a VAX 
111780 minicomputer. In addition to the cir
cuit simulator used, the Signetics-modified 
Lilith also supports a layout editor, SLED, that 
uses about 10,000 lines of Modula-2 source 
code. More detailed information on the Lilith 
can be obtained from the manufacturer and 
from the articles listed in the reference sec
tion. 

For the purposes of this application, it is 
sufficient to know that the Lilith contains a 16-
bit data bus lor interaction with the 
SCC83484 Advanced CRT Controller and a 

I 
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14-bit bus that is used to initialize the color 
look-up table in the NE5150 video DAC. 
Read/write, I/O lines, CLOCK, data acknowl
edge, and chip select signals are also sent to 
the SCC63484 for data and control purposes. 

Software Aspects (Pascal and Modula-2) 
Modula-2 is a superset of Pascal. Anyone 
with a working knowledge of Pascal should 
have no trouble programming a Lilith worksta
tion or in understanding the initialization pro
gram outlined in this section. Some notewor
thy features about Modula-2 and its influence 
on the architecture of the Lilith (the M
machine) is the fact that the Lilith instruction 
set (M-code) has only 256 carefully chosen 
instructions. This limits any instruction to a 1 B 
length and increases the speed of operation. 
The Modula-2 language constructs map neat
ly to M-code. There are no excess instruc
tions to add extra baggage. For additional 
details, the reader is referred to the August 
1984 issue of BYTE magazine that contains 
several good articles on Modula-2. 

Considering each '1' as ON and each '0' as 
OFF, the binary values for each color can be 
specified for each of the respective guns. 
Starting from the top, all guns OFF = BLACK. 
Similarly, all guns ON corresponds to word 7, 
WHITE. In the software definition module 
used to load the values, two constants were 
declared: black = 0 and white = 15. These 
correspond to the addresses shown in the 
table and were predefined because of their 
frequent use. Single guns completely ON give 
1, 2, and 4 - the primary colors RED, 
GREEN, and BLUE, respectively. 

System Hardware 
The basic system configuration for the color 
graphics interface is shown below. The Lilith 
workstation sends data to the SCC63484 and 
the NE5150. The information sent to the 
NE5150 is the data for the CLUT initialization. 
Control signals are sent to the ACRTC. The 
ACRTC in turn controls the video DAC. The 
frame buffer sends and receives data (via an 
address/data buffer stage) to and from the 
ACRTC for video DAC addressing. The 
ACRTC also provides horizontal and vertical 
sync to the CRT while the video DAC supplies 
the video information. One stage not shown is 
the address and data buffering for the frame 
buffer and the pixel stage. This stage. in 
addition to assorted logic and timing chips, 
merely facilitates functionality between the 
major blocks shown in Figure 21. 

The host microprocessor, systam memory, 
and DMA control are local to the workstation 
and will not be described. The horizontal and 
vertical deflection sections are local to the 
CRT and will also be omitted. The rest of this 
section suppiies an overall parts list and then 
describes each of the graphics blocks in 
somewhat greater detail. Although the actual 
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Figure 14_ Low-Z Bias Line to Improve Settling Time of DAC 

Figure 15. NE5150/52 READ and WRITE Cycle Timing Diagrams 

COMPOSITE 

Sl'ROBE 

DATA BITS 

DACourPUT 

Figure 16_ NE5151 Timing Diagram 

pin numbers have been omitted, the function
ality of each pin is shown for understanding. 
For actual pinouts and more detailed informa
tion, refer to the appropriate data sheet. 

Parts List 
The following parts were used in the design of 
the color graphics interface (the actual quan
tity of each part is not listed). The "F" 
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designation stands for Signetics FAST-type 
logic. 
• NE5150 Video DAC 

• SCC63484 Advanced CRT Controller 

• MB85103-10 64k X 8 Dynamic RAM 
modules (Fujitsu) 

.7404 Hex Inverter 

• 7432 2-lnput NAND Gate 
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• 7474 Dual D-Type Flip-Flop 

• 74123 Dual Retriggerable Monostable 
Multivlbrator 

• 74138 1-01-8 Decoder/Demultiplexer 

• 74F139 Dual 1-01-4 Deooder /Multiplexer 

• 74F157 Quad 2-lnput Data Selector/ 
Multiplexer (Non-Inverted) 

• 74F161 4-Bit Binary Counter 

• 74Fl64 8-Bit Serial-In/Parallel-Out Shift 
Register 

• 74F166 8-Bit Serial/Parallel-In, Serial-
Out Shift Register 

• 74F245 Octal Transceiver (308tate) 

• 74F373 Octal Transparent Latch 

• 7905 5V Voltage Regulator 

• Ml00l 40MHz Crystal (MF Electronics) 

PC Board Layout Considerations 
Whenever dealing with high-frequency sys
tems, analog or digital, care must be taken 
with PC board layout in order to insure good, 

reliable operation. Video DACs are hybrid 
devices in the sense that they are both 
analog and digital. They are also run at 
frequencies well into the RF range. This 
makes them especially susceptible to RF 
interference and different types 01 radiation. 
Signal traces should be kept as short as 
possible and 90· turns should be avoided. 
Power supplies should have adequate decou
piing. 

Figure 17. Block Diagram of Color Graphics Interface 

More details are provided in the reference Table 4. Colors with Corresponding Bit Values 
section under Reference Number 4, "Getting 
the Best Performance From Your Video Digi WORD '* 
taI-to-Analog Converter". 

Functional Description 
The interface is designed to drive a Mitsubishi 
C-6919 or 6920 19-inch monitor. The monitor 
has 1024 X 1024 display resolution. Of 
these, 1024 X 768 pixels are actually drawn, 
giving us about 790,000 pixels, and, accord
ing to our earlier formulas, requiring a DAC 
with a conversion frequency of about 62MHz. 
That, however, assumes a non-interlaced 
display with a frame rate of 60Hz. This 
application uses a 30Hz interlaced display 
and so it needs only one-fourth that speed 
since it is drawing half as many lines at half of 
the frame rate. The pixel clock is derived from 
a 40MHz crystal. Other timing signals are also 
derived from the same crystal. NOTE: 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

COLOR 

BLACK 
RED 
GREEN 
YELLOW 
BLUE 
VIOLET 
TURQUOISE 
WHITE 
GREY 
ORANGE 
AVOCADO 
LIME 
NAVY 
ROUGE 
LAVENDER 
PEA 

BLUE GREEN 

0000 0000 
0000 0000 
0000 1111 
0000 1111 
1111 0000 
1111 0000 
1111 1111 
1111 1111 
1010 1010 
0000 1000 
0000 1010 
0101 1111 
1111 1000 
1000 0000 
1111 1111 
1000 1111 

RED 

0000 
1111 
0000 
1111 
0000 
1111 
0000 
1111 
1010 
1111 
1000 
1111 
1000 
1111 
1000 
1000 

The colors listed are for an application example only. The colors were randomly ordered and their gun and blt 
values in no way represent the de facto standard values or colors. 
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VCC-+
5V=r 

~:ULL 

PULWP , r~~~ 
Figure 18. Circuit for pun-up to Vee 

The interface uses a 512kByte frame buffer 
that is organized as 64k by 54-bit words. 
Within each 16-bit block of memory (1 of 4 
per word), there are 4 pixels of 4 bits each. 
Each bR supplies an address to the Color 
Look-Up Table in the Video DAC. The inter
face shifts out 54-bits or 16 pixels of informa
tion during each display cycle. 

In each of the follOWing schematics certain 
pins have been pulled up to V ce, indicated by 
an arrow. For each arrow pointing to PULL
UP, the connection goes into the pull-up 
circuit shown below. 

CPULL is used for decoupling any power line 
ripple. Each point has a similar circuit. 

Ai 

":' 

ADVANCED CRT CONTROLLER 
The Signetics SCC63484 is a state-of-the-art 
device ideal for controlling raster-sean-type 
CRTs. It is a CMOS VLSI system that can 
control both text and graphics. One of the 
advantages of this part is Its ability to do on
board graphic processing in its Drawing and 
Display Processor, relieving some of the com
putational overhead from the Lilith. 

. ~ Another attractive feature of the part Is its 
flexibility. It has three different operating 
modes: character only, graphic only, and 
multiplexed character/graphic mode. In addi
tion, it offers three scanning modes: non
interlace, interlace sync (this application), and 
interlace sync and video modes. With 2MB of 
graphic memory and a maximum drawing 
speed of 2 million pixels/ second, it can sup
ply the information to almost any type of high
resolution display (4096 X 4096 pixels maxi
mum). 

For additional information on the command 
set and a full listing of features, please refer 
to the data sheet and user's manual. This 
application note will concentrate on only the 
interconnections relevant to this application. 

In this configuration (Figure 19), the 
SCC63484 Graphics Controller provides the 
horizontal and vertical sync pulses to the CRT 
and important timing pulses to the address 
and data buffers. It supplies timing to the 
frame buffer, the pixel-shifting stage, and to 

Vcc. +5V 

lOOk 

Vcc=+SV 

the frame buffer through direct and logical 
modifications made to the following system 
outputs: 

1. MRD-Memory Read or the Bus Direc
tion Control Une. This determines the 
bus direction for the Frame Buffer Data 
Bus. 

2. DRAW - the Drawing/Refresh Cycle 
pin. This differentiates between drawing 
cycles and CRT display refresh cycles . 

3. AS - Address Strobe. This provides the 
address strobe for demultiplexing the 
frame buffer/data, bus (MADO/MADI5). 

4. MCYC - Memory Clock. Provides the 
frame buffer memory access timing. 
Equal to one-half the frequency of 2CLK 
signal. 

5. DISPI - Display Enable Timing. This is a 
programmable display enable timing sig
nal used to selectively enable, disable, 
and blank logical screens. 

6. MADO - MAD15 - Address and Data 
Bus. Multiplexed frame buffer address/ 
data bus. 

7. MA 16, MA 17 - Address Bits/Raster Ad
dress Outputs. Gives the higher-order 
address bits for graphic screens and the 
raster address outputs for character 
screens. (lower 2 bits of MAI6-MAI9). 

TOPULkUP 
,..-_L...----, 

iii DACK 
L...--IAES 

SUSO-BUSt5 
16 

C::::::::::::;~~::::::::~~Dm 
SCC63484 MAD MAD 

FAOM 
ULrrH 

February 1 ~7 

OST o------------------------------iR/W ~ 
110 .. o----------------IRS AS 
TOPULkUP MC'IC 

1I0CL• 

iiNKi 
1I0A• 
IIOAZ 

110 .. 

1----------ICi MA~MAD18 

2CLK 
(FROM nlolING) 

:}~ 
MA16 

2CLK MA17 

Figure 19. SCC63484 Advanced CRT Controller 
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The 2CLK signal provides the main clock 
input to the SCC63484 and is derived from 
the pixel clock (see System Timing). 

The ACRTC also provides horizontal and 
vertical sync pulses directly to the CRT via 
the ~ and ~ outputs. 

In Figure 19, the 16-bit bus of the Ulith is 
connected directly to the data inputs. The 
Lilith also provides a write signal (DST) to the 
R/W Input. The first I/O line (I/OAO) is 
connected to the RS (Register Select) input. 
In addition, there Is a high-order I/O bank 

select, three lower-order address lines, and a 
negative true 1/0 clock that, used with the 
74138 Decoder, selects one of 4 devices: the 
ACRTC or 3 areas in the NE5150's color 
look-up table. 

On the ACRTC, a 74123 one-shot produces a 
reset pulse ~) on power-up. The Data 
Acknowledge pin is not used and is pulled up 
to Vee. 

ADDRESS AND DATA 
BUFFERING 
The address and data buffer stage provides 
an interface between the SCC63484 and the 
rest of the circuit. This stage takes the 
address/data lines MADO-MAD15 and sep
arates them into two blocks. The 74F373 
latches the upper bank for the addresses; this 
is the first bank. The second bank consists of 
74F245 transceivers in the lower bank for the 
data. 

D~----~~--~------------------------------, 

FROM -

February 1.987 

MAAO-MAA7 

.---------101 301--------, 
11 ii 

11 

MADO-MAD7 

11 11 

--
MRDo-------------; ~----4-----_; ~--~------~ 

10 VIDEO RAIl 
ANDPIXI!L SHIFTING 

Figure 20. Address and Data Buffering 
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The 74F373s are used to latch the addresses 
at the beginning of every memory cycle. The 
latches are enabled by the ~ signal coming 
from the ACRTC. Since the ACRTC is config
ured to increment its display addresses by 
four between display cYcles, 4 words or 64 
bits are shifted out every cycle. For modifying 
memory CYcles, the two lower address Ijnes 
are used to enable one of four sets of 74F245 
transceivers (2 per set). Enabling is per
formed by the 74F139 Decoder. The signal 
that clocks the decoder is a combination of 
MCVC (Memory Cycle) and DRAW, that re
sults in a new signal, "IiilAOC. This signal is 
also used in the timing block. 

The transceiver outputs are now written into 
the frame buffer. From there, they will be sent 
to the pixel-shlfting stsge and then to the 
DAC. Each set of four 4-bit pixels in a serial 
string of displayed pixels is contsined in a 
different block of memory. This is the reason 
the two lower-order address signals are used 
to select one of the four banks in the Video 
RAM (frame buffer). 

SYSTEM TIMING 
In a system as complicated as a graphics 
display board, the timing of the various ele-

ments grows exceedingly complicated as the 
number of components grows. It becomes 
even more apparent when the components 
are individual systems with their own set of 
timing considerations. In our case, this means 
the Lilith, the ACRTC, and the frame buffer. 

Figure 21 shows the many elements it takes 
to generate the timing signals for the system. 
In the middle of the diagram, there are two 
74F164 8-bit serial-in/parallel-out shift regis
ters that count the timing ststes for the rest of 
the interface. The Address Strobe (AS) sig
nal, coming from the ACRTC, stsrts and ends 
this timing train. Because of the pulse width of 
~, many states at the end of the train are 
unusable. The video RAM ~ signal (Row 
Address Strobe) stsrts at the beginning of 
State I, and terminates as 'AS goes Low, 
activating the register's MR (Master Reset). 
The precharge requirement of ~ is met by 
the ~ pulse width. 

The 74F157 Multiplexers are connected in 
such a way that the lower-order addresses 
are used for the video RAM row addresses 
(the 157 on top). At the beginning of State 3, 
the higher-order addresses are presented at 
the Video RAM address inputs as the column 
address. At State 5 the eAS signal becomes 

tOPULt.UP 

valid. Because of changes in the data hold 
(WRITE cycle) and dats setup (READ cycle) 
of the ACRTC, the timing edge of eAS r(light 
have to be changed to insure proper opera
tion .. 

MRD (Memory Read) along with a combina
tion of MCVC and DRAW from the Address 
and Data Buffer called ~, are used with 
the two lowest-order address lines from the 
74F373s (MAAO and MAA1) to write-select 
one of the four memory planes (this memory 
plane runs orthogonal to the bit-planes dis
cussed earlier). Because this signal comes 
well before the eAS signal, this qualifies as 
an early WRITE cycle, allowing the use of 
DRAMs with Data-In and Data Out signals 
connected together. 

Using two flip-flops, the output of the lower 
shift register generates the PE (Parallel En
able) signal for the pixel-shifting stsge. Be
cause it is clocked from the fifth point in the 
shifter, this pulse occurs between States 10 
and 11. 

The upper left-hand corner of Figure 21 
shows the creation of the 2CLK signal de
rived from the 40MHz pixel clock by using a 
74F161 Counter that performs a divide-by
eight operation. 

lUi} ~DEO 
I--Do-"""' ..... ------o i!Aii RAM 

2CLK 

to 

Do-----------..... -I L __ ~::~~~::::::t-oR ~ SHIFTING 

FROMADDRESSI { iiAl!C L-__ -' 
_BUFFER 

AND8CC8M84 MRD +-------1 SELECT 
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lOFt&7 'fI-Yd 1=:+=::> 
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ENABLE 

"-----fSELECT 

MAA2,10, 3,11.4.12. 5,13 74F1S1 'fI-Ydt::-:::;.~::::> 
F~Mc:::::::~::::::::::::::::::::::::::~:::::;z:~~ ~ 
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ENABLE 

Figure 21. Components for System Timing 
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PIXEL SHIFTING 
The pixel-shifting stage consists of 8 very fast 
74F166 Shift Registers divided into 4 banks, 
one for each address bit. These shift registers 
have maximum operating frequencies of 
120MHz. 

The data comes from the address and data 
buffering and the video RAM. The PE (Paral
lel Enable Input) signal from the system 
timing block activates the register, while the 
pixel clock, DCLK, strobes each of the regis
ters. All chips are permanently enabled by 
grounding their chip enable (CE) pins. The 
master reset (MA) is permanently disabled by 
tying it to a pull-up. 

The connection between the registers and 
the memory is such that all the bits of each 

PE 

DCLK 

NC-

FROM 
ADDRESS AND DATA 

BUFFERING AND 
FRAME BUFFER 
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pixel are shifted out simultaneously before 
going to the 74F157 multiplexer. From there, 
they address the colors of the CLUT on the 
Video DAC. 

speeds. These modules are SIPs (single in
line packages) and were used because of 
space considerations. Each module consists 
of eight 64k X I-bit DRAMs, giving eight 
modules of 64k X 8 or a 64k X 64 buffer. 
This buffer is divided into four sections 
(64k X 16) that represent the four bits of 
address that are shifted out to the NE5150's 
CLUT. 

VIDEO RAM 
The phrase "Video RAM" refers to a set of 
dynamiC RAMs used as the memory section 
in this application. It is not meant to be 
confused with the Video RAM which is a 
dedicated device for video applications. 

The Video RAM or frame buffer section 
consists of 8 Fujitsu MB85103-10 modules. 
The 10 suffix signals a lOOns row access 
time. The cycle time is about 200ns, or about 
5MHz. This is fine because only the pixel 
clock has to travel at the high screen draw 

One can see how the frame buffer is set up to 
shift out data to the pixel shifter. The memory 
is divided into 4 banks that are write-selected 
by the WE1 - WE4 pulses. Two modules 
(64k X 16 bits) make up one bank. This 
makes up the four 16-bit words that are 
shifted out. But where is the information for 
each pixel? Taking the 1 st bank as an exam
ple, it can be divided into 4 quadrants: 

~ 1OPULL-UP ~ 1OPULL-UP 

DS 
MR 

07 DS 
MIl" 

07 

PE 74F186 ~ PE 74F186 

CP 
DO-D7 CEh f-~ 

CP 
DO-D7 CE q. Us M4D12,8,4,0- .H- M2D12,8,4,O 

B M3D12,8,4,0 8 M1D12,8,4,0 

~ 1OPULL-UP ~ 1OPULL·UP 

DS iiIi 
07 DS 

MR 
07 I--

Jilt" 74F186 ~ PE 74F186 

CP 
DO-D7 CE q. f-~ CP DO-D7 CE q. 
it M4013,9,5,1 -1t M2013,9, 6, 1 

8 113013,9,6,1 8 M1013,9,6,1 

~ 1OPULL·UP ~ 1OPULL·UP 

os Mil 
07 DS 

MR 
07 

PE 74F186 ~ PE 74F186 

CP 
00-D7 CE il ~ ~ CP 

DO-D7 CE q. 
-fi8 M4014, 10,8,2 Jt M2D14, 10, 8,2 

8 M3D14, 10,8,2 8 MlD14, 10,8,2 

~ 1OPULL-UP ~ 1OPULL-UP 

DS MR 07 DS iiIi 07 

PE 74F186 '-- PE 74F186 

CP DO-D7 CE t-":!. .'--- CP DO-D7 CE q. 
it M4016, 11, 7, 3 -1t M2D16,11,7,3 

8 M3016, 11,7, 3 8 MlO16, 11,7,3 

Figure 22_ Shift Registers for Pixel-Shifting 
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Figure 23. Memory Configuration to Store Pixels 

M1DO-M1DS, M1D4-M1D7, M1D8-
M1Dll, and M1D12-M1D15. Each of these 
quadrants represents a dot. By tracking each 
dot in parallel back to the shift register in the 
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pixel·shifting stage, they turn out to be each 
of the four quadrants in parallel. Comparing 
diagrams reveals the same to be true for 
each of the quadrants in each of the four 

5-204 

banks of memory. Each quadrant, then, cor
responds to one pixel, and all of the pixels for 
one bank are written out to the shift register 
during a write cycle. 
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VIDEO DAC INTERFACE 
The interface to the NE5150 is shown in 
Figure 24. The 8-bit data bus comes from the 
lower 8 bits of the Lilith. The low 4 bits are 
connected directly to the Video DAC data 
inputs. Bits 4 - 7 are tied to the 74F157 
Multiplexer. This provides the address to the 
CLUT when it is initialized. 

The other set of inputs to the multiplexer 
comes from the pixel-shifting stage. After the 

first CLUT initialization, all of the addresses 
come from the pixel-shifter. The inverters, 
NAND gates, and OR gates are used to delay 
the write pulses ii'iiRR, iJiiRG, and WRB so 
that they fit into the address setup window. 
The chip select pulses come from the 74F138 
which are selected by the Lilith. ~ 
clocks the 74138 and the OR gates tor the 
chip select. 

DCLK drives the STROBE of the DAC and 
clocks the two Ootype flip-flops which provide 

the BLANKing signal. Both of these signals 
come from the ACRTC and the system timing 
section. The WHITE, BRIGHT, and SYNC 
inputs are not utilized and are connected to 
ground. VEE is run off a 7905 voltage regula
tor powered by a -12V power supply. 

The capacitors to the monitor and voltage 
regulator are polarized with the positive end 
to the monitor for the RGB outputs and to 
ground for the regulator. The regulator uses 
Tantalum capacitors . 

....--__1_--------+--lOPULWP 

~{:=:O-------------1_--~ 11II1NQ 

(lIIF74) 

BU8a-BUIO 
FROM 
UL/TH 

lA-1D YA-YD 

11'F157 

FROM 4 
PIXEL OA-OD SELECI' 

IHIFnNG 
~ 

5io------........ -c~_D ...... +-I "--+-~I-' 

I/Ocut o-------------------------------J 
-~Yo_-------------------J 

Ycc= +5Y 

DO-D3 
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aRIGHT 
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Figure 24_ NE5150 Video DAC Interface 
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NE5150j51j52 Family of Video Digifal-fo-Analog Converters AN1081 

GLOSSARY 
This glossary consists of three parts: a sec
tion for graphics terminology, one for the 
timing of the NE5t 50 used in the Lilith works
tation application, and a list of references. For 
the glossary section, many analogies are 
made with television to clarify some terminol
ogy. 

GRAPHICS TERMINOLOGY 

ACRTC - Short for Advanced CRT Control
ler. A device that helps to interface a micro
processor or microcomputer with a mon~or. 
Advanced refers to the Signetics ACRTC, the 
SCC63484, called advanced because of its 
ability to do most of its graphics computations 
on-board, thus relieving some of the workload 
from the microprocessor and increasing its 
overall efficiency. 

Bit-Map, Bit-Plane - A memory representa
tion in which one or more bits correspond to a 
pixel. For each bit used in the representation 
of a pixel, there is a plane on which it can be 
mapped. To represent each pixel by 4 bits, 4 
bit planes are needed. This is the case 
whether the bits store the actual data for the 
pixel or hold the address of the memory 
location containing the data. 

Blanking - The process of turning off an 
electron gun so that it leaves no trace on the 
screen as it returns to the left or top of the 
screen in a raster-scan system. Applies to 
both television sets and monitors. The period 
for the blanking is defined as the horizontal 
blanking and the vertical blanking interval for 
their respective cases. 

CRT - Short for Cathode Ray Tube, a type 
of electron tube that produces an electron 
beam that strikes the phosphor-coated 
screen, causing that screen to emit light. 

Chromlnance - The color information sup
plied in a signal. While this information has to 
be extracted by color decoders in television 
(via phase differencing with a fixed-frequency 
subcarrier), in computer monitors and bit
mapped systems it is supplied digitally and 
then converted to analog to directly drive 
color guns. 

Color Look-up Table - Sometimes referred 
to as the CLUT, it is associated with a Video 
DAC and speeds system access of often
used colors. The time savings results be
cause a color can be generated by sending a 
CLUT address to the DAC instead of loading 
a word from external memory. Current CLUTs 
range in size from 16 to 256 words. Word 
length depends on the bit resolution of the 
DAC. 

DAC - Short for Digital-to-Analog Converter. 
Most DACs have a single output. Some have 
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as many as eight. RGB Video DACs have 
three - one for each of the primary colors. 
Video DACs typically operate at very high 
speeds since they have to supply a new piece 
of information for each pixel on the screen at 
rates of 30 to 80 times per second. 

ECL - Short for Emitter-Coupled-Logic. A 
fast, non-saturating form of bipolar logic that 
usually operates from 0 to -5.2V. It has a 
threshold of -1.3V. 

Frame Buffer - Sometimes used inter
changeably with video RAM. A frame buffer is 
a large, fast-access store of memory that 
contains the digital information necessary to 
display part or all of a display. It is used in 
conjunction with bit-mapped graphic systems. 
It actually "stores" the bit-plane. 

Glitch Energy - The area displaced by an 
analog Signal as it overshoots or undershoots 
its ideal value. This is a problem usually found 
in DACs. Units are usually given in pV-s. 
When glitch energy is high, settling times tend 
to be longer and may result in visual color 
aberrations on the screen. 

Hue - The actual color(s) on a monitor. The 
hue depends on the frequency of the light 
striking the human eye. For televiSion trans
mission, it is determined by the video signal's 
phase difference with a color subcarrier refer
ence frequency. For computer graphics sys
tems, it is determined by the combination of 
binary values applied to the DAC. The resolu
tion of huel colors is determined by the bit 
length of each word of information. 

LIlith - The brand name of the workstation 
manufactured by Modulo, Inc. of Provo, UT. 

Luminance - The brightness information in 
a video signal. A black and white (mono
chrome) monitor displays only variations in 
brightness. Only a luminance signal is being 
manipulated. The same holds true for televi
sion. Although chrominance information is 
also present in a television signal, B/W TV 
sets do not have the necessary decoders. 

Modula-2 - A language that is the superset 
of Pascal. This was also invented by Niklaus 
Wirth of the Swiss Technological Institute. 

NTSC - Short for the National Television 
Standards Committee, the ruling body for 
television standards in the United States. 
Other countries also use this standard as is, 
or with a different frequency for the color 
subcarrier. 

Orthogonal - Defined as being mutually 
perpendicular. The product of two orthogonal 
vectors is zero. In bit-mapped systems, the bit 
length of a word lies orthogonal to the plane 
itself. Hence, each plane supplies only one bit 
of information for each pixel. 
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Pixel - Short for "picture element". The 
smallest resolvable element on a graphics 
display. Each pixel usually corresponds to at 
least one bit. The entire display is made up of 
a map of pixels. The term bit-map comes 
from the bit association. There Is no equiva
lent in television. What is seen is the true 
analog representation of what is being re
corded by a camera and then retraced on 
horizontal lines. 

Raster-Scan - The form of visual display 
transmission used in all television sets and in 
most monitors. It consists of an electron 
beam tracing a path from left-to-right while 
going top-to-bottom. 

Saturation - The "deepness" of a color. 
Usually depends on the amplitude of the color 
signal in television systems. Red and pink are 
the same hue, but red is actually more 
saturated than pink. In graphics systems, 
there is no true equivalent. Changing bit
values changes the color itself. The closest 
analogy would be to raise or lower the volt
ages on all three color guns simultaneously 
(the BRIGHT function on the NE5150/511 
52). This would, however, depending on the 
amplitude change, give the impression of 
brightening or dimming the color (changing 
luminance) rather than saturating it. 

Sync - The voltage level specified in RS-
343A as being 140 IRE (tV) below the 
enhanced white level (ground). It is also 40 
IRE (286mV) below the blanking level. Gener
ically it is also used to refer to vertical and 
horizontal sync pulses that synchronize the 
timing and movement of the electron beam 
on a CRT. It should not be confused with 
"composite sync". 

Teletext - A form of data transmission via 
television signals. In many cases, digital infor
mation is sent during the vertical blanking 
interval (VBI). In some cases, ~ is sent during 
every retrace. This is known as full-field 
teletext. 

TTL _ Short for Transistor-Transistor Logic. 
It has a threshold voltage of approximately 
1.4V and is the most widely-used form of logic 
in the world today. 

DEFINITIONS FOR NE5150/511 
52 TIMING DIAGRAMS 
This section contains explanations for the 
NE5150/51/52 Video DAC's timing diagram 
specifications. For the typical, minimum, and 
maximum values, please refer to Signetics' 
data sheet. 

twAS - Wr~e Address Setup (NE5150/52) 

tWAH - Write Address Hold (NE5150/52) 

tWDS - Write Data Setup (NE5150/52) 
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tWDH - Write Data Hold (NE5150/52) 

tWEw-Write Enable Pulse Width 
(NE5150/52) 

tRCS - Read Composite Setup (NE5150/52) 

tReH - Read Composite Hold (NE5150/52) 

tRAS - Read Address Setup (NE5150/52) 

tRAH - Read Address Hold (NE5150/52) 

iRsw-Read Strobe Pulse Width 
(NE5150/52) 

tRDD - Read DAC Delay (NE5150/52) 

tcs - Composite Setup (NE5151) 

teH - Composite Hold (NE5151) 

tDS - Data bits Setup (NE5151) 

tDH - Data bits Hold (NE5151) 

tsw - Strobe Pulse Width (NE5151) 

IDD - DAC Delay (NE5151) 
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tR - DAC Rise Time (NE5151) 

Is - DAC Full-Scale Settling Time (NE5151) 
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Signetics NE/SE5410 
i0-Bit High-Speed Multiplying 
0/ A Converter 

Linear Products 

DESCRIPTION 
The NE5410/SE5410 are 10-bit Multi
plying Digital-to-Analog Converters pin
and function-compatible with the indus
try-standard MC3410, but with improved 
performance. These are capable of high
speed performance, and are used as 
general-purpose building blocks in cost 
effective 01 A systems. 

The NE/SE5410 provides complete 10-
bit accuracy and differential non-linearity 
over temperature, and a wide compli
ance voltage range. Segmented current 
sources, in conjunction with an R/2R 
DAC, provide the binary weighted cur
rents. The output buffer amplifier and 
voltage reference have been omitted to 
allow greater speed, lower cost, and 
maximum user flexibility. 

ORDERING INFORMATION 

Product Specification 

FEATURES 
• Pin- and function-compatible with 

MC3410 
• 10-bit resolution and accuracy 

(±O.OS%) 
• Guaranteed differential, non

linearity over temperature 
• Wide compliance voltage range

-2.S to+2.SV 
• Fast settling time - 250ns typical 
• Digital Inputs are TTL- and 

CMOS-compatible 
• High-speed multiplying Input slew 

rate - 20mAI j.IS , 

• Reference amplifier Internally
compensated 

• Standard supply voltages + SV 
and -1SV 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

16·Pin Cerdip o to +70·C NE5410F 

16-Pin Cerdip -55 to + 125·C SE5410F 

BLOCK DIAGRAM 

VEE OND 

8007540$ 
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PIN CONFIGURATION 

F Package 

TOP VIEW 

APPLICATIONS 
• Successive approximation AID 

converters 
• High-speed, automatiC teat 

equipment 
• High-speed modems 
• Waveform generators 
• CRT displays 
• Strip CHART and X-V plotters 
• Programmable power supplies 
• Programmable gain and 

attenuation 

853-0945 86554 
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i0-Bit High-Speed Multiplying DjA Converter NEjSE54i0 

ABSOLUTE MAXIMUM RATINGS TA = + 25"C, unless otherwise specified. 

SYMBOL PARAMETER RATING UNIT 

Vee Power supply +7.0 Voc 

VEE -18 Voc 

VI Digital input voltage +15 Voc 

Vo Applied output voltage +4, -5.0 Voc 

IREF(16) Reference current 2.5 rnA 

VREF Reference amplifier inputs Vee, VEE Voc 

VREF(O) Reference amplifier differential inputs 0.7 Voc 

TA Operating temperature range 
SE541 0 -55 to +125 "C 
NE5410 o to +70 "C 

TJ Junction temperature 
Ceramic package +150 "C 

TSTG Storage temperature -65 to + 150 "C 

Po 
Maximum power dissipation 

1190 mW 
T A = 25"C (still-air) 1 

NOTE: 
1. Derate above 2S"C at the following rate: 

F package at 9.SmW rc. 

DC ELECTRICAL CHARACTERISTICS Vee = +5.0Voc, VEE = -15Voc, IREF = 2.0mA, all digital inputs at high logic level. 

SYMBOL PARAMETER 

Relative accuracy 
eR (Error relative to full scale 10) 

Differential non-linearity 

15 
Settling time to within ± 1t2 LSB 
(all bits low to high) 

tpLH Propagation delay time 
IpHL 

TClo Output full-scale current drift 

Digital input logic levels (all bits) 
VIH High level, Logic "1" 

Low level, Logic "0" 

Digital input current (all bits) 
IIH High level, VIH - 5.SV 
IlL Low level, VIL = 0.8V 

SE5410: T A - -55"C to + 125"C, NE5410 Series: T A - O"C to + 70"C, unless 
otherwise noted. 

LIMITS 
TEST CONDITIONS UNIT 

Min Typ Max 

±0.O25 ±0.O5 % 
Over temperature 

± 1t4 ±1t2 LSB 

±0.025 ±0.05 % 
Over temperature 

± 1t4 ±1t2 LSB 

TA = 25"C 250 ns 

TA - 25"C 
35 
20 

ns 

20 40 ppm/DC 

2.0 Voc 
0.8 

20 p.A 
-20 

IREF(IS) Reference input bias current (Pin 15) -1.0 -5.0 p.A 

10H Output current (all bits high) VREF - 2.000V, 3.937 3.998 4.054 mA 
RI6=1000n 

10L Output current (all bits low) TA = 25"C 0 0.4 p.A 

TA = 25"C 
-2.5 

Vo Output voltage compliance eR < O.OSO% 
+2.5 Voc 

relative to full-scale 

SR IREF Reference amplifier slew rate 20 mAlps 
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10-Bit High-Speed Multiplying DjA Converter NEjSE5410 

DC ELECTRICAL CHARACTERISTICS (Continued) vee = + 5.0Voc, VEE = -15Voc, IREF = 2.0rilA, all digital inputS at high 
logic level. SE5410: TA--55'C to +125'C, NE5410 Series: TA=O'C 
to + 70'C, unless .. otherwise noted. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

ST IREF 

PSRR(-) 

Co 

CI 

Icc 
lEE 

Vcc 
VEE 

Reference amplifier settling time 

Output current power supply 
sensitivity 

Output capacitance 

Digital input capacitance 
(all bits high) 

Power supply current 
(all bits low) 

Power supply voltage range 

Power consumption 

4.0 

13.0 

!ii II 2.0 
II: 

G 
~ 1.0 

§ 0 

-1.0 

If 
II 

II 

I I I I 
I I I I 

Jcc~ +~.oJ 
VEE = -15.0V 
T,,_25°C 
IREF l1li 2 mA 

-5 -3 -I 0 I 

COMPLIANCE VOLTAGE (VOL 1) 
OP1033O$ 

Figure 1. Output Current vs Output Compliance Voltage 

i 13 

!Z 12 
I:! 
a: II 
G 
~ 10 

t 
iiJ 
II: 

~ 
oil 

.JII 

t-t- f--I!E 

Vcc=+5V-
-VEE= -15V 

IREF=2mA-

+ Icc 

] 0 
-75 -50-25 0 25 50 75 100 125 

TA('C) 

Figure 3. Power Supply Currents vs Temperature 
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o to 4.0mA,±0.1% 

Vo=O 

TA = 25'C 
Vo=O 

~ 4.0 

~ 3.G 
11/ 
C!I 2.0 
:! 
~ 1.G 

rl 0 

~-1.G ... 
a-2.O 
8 
!; -3.0 

Min 

+4.75 
-14.25 

Typ Max 

2.0 

0.003 0.01 

25 

4.0 

+2 +4 
-12 -18 

+5.0 +5.25 
-15 -15.75 

190 300 

+VCC. +5V 
-VEE- -15V 
IREF=2 mAo 

S-4.G 
o -75-50-25 0 25 50 75 100 125 

TA (0C) 

OP10340S 

IlS 

%/% 

pF 

pF 

mA 

Voc 

mW 

Figure 2. Maximum Output Compliance Voltage vs 
Temperature 
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Figure 4. Reference Amplifier Frequency Response 
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i0-Bit High-Speed Multiplying DjA Converter 

CIRCUIT DESCRIPTION 
The NE5410 consists of four segment current 
sources which generate the 2 Most Signifi
cant Bits (MSBs), and an R/2R DAC imple
mented with ion-implanted resistors for scal
ing the remaining 8 Least Significant Bits 
(LSBs) (see Figure 5). This approach pro
vides complete IO-bit accuracy without trim
ming. 

The individual bit currents are switched ON or 
OFF by fully-differential current switches. The 
switches use current steering for speed.' 

An on-chip high slew reference current ampli
fier drives the R/2R ladder and segment 
decoder. The currents are scaled in such a 
way that, with all bits on, the maximum output 
current is two times 1023/1024 of the refer
ence amplifier current, or nominally 3.9g6mA 
for a 2.000mA reference input current. The 
reference amplifier allows the user to provide 
a voltage input: out-board resistor RI6 (see 
Figure 6) converts this voltage to a usable 
current. A current mirror doubles this refer
ence current and feeds it to the segment 

(4) 
MSB 
D, 

(5) 

Do 

(11) 
+0--_._-------, 

decoder and resistor ladder. Thus, for a 
reference voltage of 2.0V and a I kU resistor 
tied to Pin 16, the full-scale current is approxi
mately 4.0mA. This relationship will remain 
regardless of the reference voltage polarity. 

Connections for a positive reference voltage 
are shown in Figure 6a. For negative refer
ence voltage inputs, or for bipolar reference 
voltage inputs in the multiplying mode, RI5 
can be tied to a negative voltage correspond
ing to the minimum input level. For a negative 
reference input, RI6 should be grounded 
(Figure 6b). In addition, the negative voltage 
reference must be at least 3V above the VEE 
supply voltage for best operation. Bipolar 
input signals may be handled by connecting 
RI6 to a positive voltage equal to the peak 
positive input level at Pin 15. 

When a DC reference voltage is used, capaci
tive bypass to ground is recommended. The 
5V logic supply is not recommended as a 
reference voltage. If a well regulated 5.0V 
supply, which drives logic, is to be used as 
the reference, RI6 should be decoupled by 

2R 

(6) 
D3 

R 

2R 

(7) 
D4 

R 

(8) 
D, 

2R 

R 

(9) 

De 

2R 

R 

(10) 

Dr 

2R 

R 
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connecting it to the + 5.0V logic supply 
through another resistor and bypassing the 
junction of the two resistors with a O.II'F 
capacitor to ground. 

The reference amplifier is internally-compen
sated with a IOpF feed-forward capacitor, 
which gives it its high slew rate and fast 
settling time. Proper phase margin is main
tained with all possible values of RI6 and 
reference voltages which supply 2.0mA refer
ence current into Pin 16. The reference 
current can also be supplied by a high imped
ance current source of 2.0mA. As RI6 in
creases, the bandwidth of the amplifier de
creases slightly and settling time increases. 
For a current source with a dynamic output 
impedance of I.OMU, the bandwidth of the 
reference amplifier is approximately half what 
it is in the case of RI6 = 1.0kU, and settling 
time is "'IOl's. The reference amplifier phase 
margin decreases as the current sauce value 
decreases in the case of a current source 
reference, so that the minimum reference 
current supplied from a current source is 
0.5mA for stability. 

(11) 
D. 

2R 

(12) 
Do 

2R 

(13) 
LSB 
D,o 

GND 
(2) 

VBIAS 
(INTERNAL) 

CODE SELECTED 0111110011 

(15) 

Ve.(1) 

TC13560S 

Figure 5. NE5410 Equivalent Circuit 
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NOTES: 
A,S+ RT = A,5 - RREF 
RT< <A'8 

D, THROUGH I D,. 

lit 

Vee R,s 

15 

10 F.S. - 2 IR - VREF/RREF 

NOTEs. 
R'5+RT- A,s 
RT< < A,S 
IVREF ;;a. RVEE+ 3V 

November 14, 1986 

a. Positive Reference Voltabe 

lit 
vee ":' RlI R,s 

18 l' 
D, THROUGH I 

D,. 

V .. 

b. Negative Reference Voltage 

Figure 6, Basic. Connections 

TC13570S 
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OUTPUT VOLTAGE 
COMPLIANCE 
The output voltage compliance ranges from 
-2.5 to + 2.5V. As shown in Figure 2, this 
compliance range is nearly constant over 
temperature. At the temperature extremes, 
however, the cOmpliance voltage may be 
reduced if VEE> -15V. 

ACCURACY 
Absolute accuracy is a measure of each 
output current level with respect to ~s intend· 
ed value. It is dependent upon relative accu
racy and full-scale current drift Relative accu
racy, or linea~, Is the measure of each 
output current w~h respect to its intended 
fraction of the full-scale current. The relative 
accuracy of the NE5410 is fairly constent 
over temperature due to the excellent tem
perature traCking, of the implanted resistors. 
The full-scale current from the reference 
amplifier may drift w~h temperature causing a 
change in the absolute accuracy. However, 
the NE5410 has a low full-scale current drift 
with temperature. 

The SE5410 and the NE541 0 are accurate to 
within ± 1t2 LSB at 25°C with a reference 
current of 2.0mA on Pin 16. 

MONOTONICITY 
The NE5410 and SE5410 are guaranteed 
monotonic over temperature. This means that 
for every increase in the input dig~al code, 
the output current e~er remains the same or 
increases but never decreeses. In the multi
plying mode, where reference input current 
will vary, monotonicity can be assured if the 
reference input current remains above 
O.5mA. 
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SETTLING TIME 
The worst-case switching condition occurs 
when all bits are switched" on," which corre
sponds to a LOW-to-HIGH transition for all 
bits. This time is typically 250ns for the output 
to settle to within ± 1t2 LSB for 10-bit accura
cy, and 200ns for B-bit accuracy. The turn-off 
time is typically 120ns. These times apply 
when the output swing is limited to a small 
( < 0.7V) swing and the external output ca
pacitance is under 25pF. 

vee 

O.1I'F 

,. ~ 
16 

0.1"F 

~ 
v •• 

Vee 

0.1"F 

14 ~ 

V, 50 

0.1"F 

":" ":" ~ 
VEE 
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The major carry (MSB off-to-on, all others on
to-off) settles in approximately the same time 
as when all bits are switched off-to-on. 

If a load resistor of 625n is connected to 
ground, allowing the output to swing to -2.5V, 
the settling time increases to 1.5/lS. 

Extra care must be taken in board layout as 
this is usually the dominant factor in satisfac
tory test results when measuring settling time. 

HVde 

Ik 

Ik I o.1I'F 
2.4V 

V, 

-=sao RI.":'" 0.4V 

O.5V 

Vo 
Vo 

J;. Co s 25pF 0 

Figure 7. Settling Time 

Ik +2Vdc 
2.4V 

Short leads, 100"F supply bypassing, and 
minimum scope lead length are all necessary. 

A typical test setup for measuring settling 
time is shown in Figure 7. The same setup for 
the most part can be used to measure the 
slew rate of the reference amplifier (Figure 9) 
by tying all data bits high, pulsing the voltage 
reference input between 0 and 2V, and using 
a 500n load resistor RL. 

AISE AND FALL TIMES", 10 •• 

I. - 250 •• TYPICAL 
TO :1:112 LSB 

AISE AND FALL TIMES s 10.s 

Ik 
10.'PF 

0.4VI;::;;:;:..!-_______ !-"' __ 

":" 

Vo 

AL 
20 

Vo 
OV 

-BOmV L--I+'~-----_f 

FaA PAOPAGATION 
DELAY TIME 

Figure 8_ Propagation Delay Time 
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Vee 

0.1.F 

~ VAIFl+) ..n::2V 

-I 14 
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10-Bit High-Speed Multiplying D/A Converter 

ANALOG 
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(G-l0V) 
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Product Specification 

NE/SE5410 

TC13641S 

~ 5 100bit conversion time - 3.31lS with 3MHz clock. 
This converter uses a 2504 12~bit successive approximation register in the short cycle operating mode where the end of conversion signal is taken from the first unused bit of the 
SAR (O,al. 

NOTE: 

Figure 11_ Successive Approximation AID Converter 
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VON +5V 

3k 

NOTE: ( 1023 ) 
VON FULL SCALE - 4mA (R, + FIT) -

1024 

Figure 13. Stalrca8e AID 

November 14. 1986 5-216 



Signetics PNA7518 
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DESCRIPTION 
The PNA 7518 is an NMOS 8-bit multiply
ing digital-to-analog converter (DAC) de
signed for video applications. The device 
converts a digital input signal into a 
voltage-equivalent analog output at a 
sampling rate of 30MHz. 

The input signal is latched, then fed to a 
decoder which switches a transfer gate 
array (lout of 256) to select the appro
priate analog signal from a resistor 
chain. Two external reference voltages 
supply the resistor chain. 

The input latches are positive edge
triggered. The output impedance is ap
proximately O.5kil, depending upon the 
applied digital code. An additional opera
tional amplifier is required for the full 
bandwidth. Two's complement is select
ed when STC (Pin 11) is HIGH or is not 
connected. 

ORDERING INFORMATION 

Product Specification 

FEATURES 
• TTL input levels 
• Positive edge-triggered 
• Analog voltage output at 30MHz 

sampling rate 

• Binary or two's complement 
input 

• Output voltage accuracy to 
within ± l'2 of the input LSB 

APPLICATIONS 
• Video data conversion 
• CRT displays 
• Waveform/test signal generation 
• Color/black-and-whlte graphics 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

IS-Pin Plastic DIP (SOT-3BWE-I) o to +70·C PNA7518N 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Voo Supply voltage range (Pin IS) -0.5 to +7 V 

VI 
Input voltage range (Pins 3, 4, 5, 6, 

-0.5 to +7 V 
II, 12, 13, 14 and 15) 

VAO Output voltage range (Pin 1) -0.5 to +7 V 

PTOT Total power dissipation 400 mW 

TSTG Storage temperature range -55 to +150 ·C 

TA Operating ambient temperature range o to +70 ·C 

October 10, 19B5 5-217 

PIN CONFIGURATION 

N Package 

BITI 

feLK 

Vas VREFH 

TOPV1EW 
CD.02QOS 

PIN NO. SYMBOL DESCRIPTION 

1 v"" Analog ouIput voltage 
2 v .... RoI.rence voltage LOW 
3 

bk3j 4 bit 2 Digital voltage inputs (V,) 5 bit 1 
6 b~ 0 leost·slgnlflcant bit (LSB) 
7 V •• Backbl .. 
8 V .. Ground 
9 V .... Reference voltage HIGH 
10 leu< Qock input 
11 STC Select two's complement 
12 

bk7j 
Most-olgnlflcant bit (MSB) 

13 bit 6 
Digital voltage inputa (V,) 14 bit 5 

15 b~ 4 . 
16 Voo Positive supply voltage 

853-0897 85942 
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8-Bit Multiplying DAC 

BLOCK DIAGRAM 
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ever, to be totally safe, it is desirable to take 
normal precautions appropriate to handling 
MaS devices. 
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Product Specification 
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Figure 1. Switching Characteristics 
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8-Bit Multiplying DAC PNA7518 

DC ELECTRICAL CHARACTERISTICS Voo ~ 4.5 to 5.5; Vss = OV; CBB ~ 100nF; T A = 0 to + 70·C, unless otherwise 
specified. 

LIMITS 
SYMBOL PARAMETER UNIT 

Min Typ Max 

SUpply (Pin 16) 

Voo Supply voltage 4.5 5 5.5 V 

100 Supply current 50 60 rnA 

Reference voltage. 

VREFL Reference voltage LOW (Pin 2) -0.1 +2.1 V 

VREFH Reference voltage HIGH (Pin 9) -0.1 +2.1 V 

RREF Reference ladder 150 230 300 n 

Inputs 

Digital input levels (TTL) 1 

VIL input voltage LOW 0 0.8 V 
VIH input voltage HIGH 2.0 5.25 V 
III input leakage current 10 p.A 

Clock input (Pin 10) 
VIL input voltage LOW 0 0.8 V 
VIH input voltage HIGH 2.0 5.25 V 
ILl input leakage current 10 p.A 

Output 

Analog voltage output (Pin 1) 
VAO at RL - 200 kn) 0 2 V 

BW Bandwidth (-3 dB) at CL - 6 pF 12 MHz 

Output transients (glitches)2 

VG Glitch occurring at step 7F-60 (HEX): 3 LSB 
maximum amplitude for 1 LSB change area 23 LSB ns 

VG Glitch occurring at step OO-M (HEX): 5 LSB 
maximum amplitude for 1 LSB change area 41 LSB ns 

PTOT Total power dissipation 300 mW 
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8~Bit Multiplying DAC PNA7518 

AC ELECTRICAL CHARACTERISTICS VOO = 4.5 to 5.5; Vss=OV; CBB=100nF; TA=O to +70·C, unless otherwise 
specified. 

LIMITS 
SYMBOL PARAMETER UNIT 

Min Typ Max 

Clock input (Pin 10) 
fCLK frequency 1 30 MHz 
tPWH pulse width HIGH 10 ns 
tPWL pulse width LOW 10 ns 
tR input rise time at fCLK = 30MHz 3 ns 
tF input fall time at fCLK = 30MHz 3 ns 

Switching characteristics (Figure 1) 

!SU, Data setup time 3 ns 
tOAT 

tHO, Data hold time 4 ns 
tOAT 

tpo Propagation delay time, input to output tCLK + 15 leLK + 22 leLK + 30 ns 

!sl Settling time; 10 to 90% lull-scale change; 
CL = 6pF; RL = 200kn 13 20 ns 

tS2 Settling time to ± 1 LSB; 
CL = 6pF; RL = 200kn 40 ns 

Linearity at RL = 200kn; Vo = 2Vp_p ±1t2 LSB 

Influence of clock frequency2 

Cross-talk at 2 X ICLK 
amplitude 2 LSB 
area 8 LSB ns 

NOTES: 
1. Inpuls Bil 0 10 Bil 7 are posilive edge-triggered and STe. 
2. Measured at VREFH - VREFL - 2.0 V; 1 X LSB - 7.8mV. The energy equivalent of output transients is given as the area contained by the graph of output amplitude 

(LSB) against time (ns). The glijch area is independent of the value of VREF. Glitch amplitudes and clock cross-talk can be reduced by using a shielded printed 
circuit board (see Pin Configuration). 
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DESCRIPTION 
The TDA1540 is a monolithic integrated 
14-bit digital-to-analog converter (DAC). 
It incorporates a 14-bit input shift regis
ter with output latches, binary weighted 
current sources with switches and a 
reference source. 

The IC features an improved switch 
circuitry which eliminates the need for a 
deglitcher circuit at the output. This re
sults in a signal-to-noise ratio of typical 
85dB in the audio band. 

ORDERING INFORMATION 

TDA1540TD, PN 
14-Bit DAC (Serial Output) 
Product Specification 

FEATURES PIN CONFIGURATION 
• Clock frequency 12MHz 
• Signal-to-noise ratio 85dB 
• TTL compatible Input 
• On-chip current reference 
• Inherent monotonlclty from -25·C 

to 70·C 

• Serial data input 

APPLICATIONS 
• Sound reproduction 
• Recording systems 
• Graphic display systems 
• Electron-beam recording 

CP 

i.e. 

i,e. 

Cl0 

C9 

C8 

'out 

C7 

C6 

C5 
DESCRIPTION TEMPERATURE RANGE ORDER CODE 

28-Pin Plastic DIP (SOT-I17BE) o to+70·C TDA1540PN 
C4 

28-Pin Plastic SO (SOT-117BE) o to+70·C TDAI540D Ire f3 

/ref2 

'ref1 

PIN NO. SYMBOL DESCRIPTION 
1 DATA Data input 
2 LE Latch enable input 
3 VREF1 Voltage reference 
4 VCCI Positive supply 

IC' Frequency compensation 
on-chip operational amplifier 

6 GND Ground 
7 VNl Negative supply 
8 OSCI Oscillator capacitor 9 OSC2 

10 VREF2 Voltage reference 
11 VN' Negative supply 
12 Cl Doubling binary 
13 C2 Weighted current 
14 C3 Sources 
15 'REF1 
16 IREF2 Current reference sources 
17 'FlEF3 
18 C4 
19 C5 Deeoupling binary weighted 
20 C6 Current sources 
21 C7 
22 lOUT Analogue output 
23 C6 Decoupling binary 
24 C9 Weighted current 
25 Cl0 Sources 
26 IC' Voltage reference 
27 IC' Voltage reference 
28 l:I' Clock pulse Input 

November 14, 1988 5-221 853-0969 86554 

I 



Signetlcs Linear Products Product Specification 

14-81t DAC (Serial Output) TDA154OTD, PN 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL DESCRIPTION RATING UNIT 

Supply voltages with reepect to 
GND (PIn 6) 

VCCl at Pin 4 MAX. 12 V 
VNl at Pin 7 MAX. -12 V 
VN2 at Pin 11 MAX. -20 V 
VP1- VN2 at Pin 4 with respect to Pin 11 MAX. 32 V 
VN1- VN2 at Pin 7 with respect to' Pin 11 -1 to +20 V 

P'-OT Total power dissipation Max. 600 mW 

TSTa Storage temperature range -65 to +150 ·C 

TA Operating ambient temperature range -25 to +80 ·C 

DC ELECTRICAL CHARACTERISTICS T A - 25·C at typical supply voltages unless otherwise specified. 

UMITS 
SYMBOL PARAMETER UNIT 

MIn Typ Max 

Supply voltages with respect to GND (pIn 6) 

VCCl at Pin 4 3 5 7 V 
VNl at Pin 7 -4.7 -5 -7 V 
VN2 at Pin 11 -16.5 -17 -18 V 

SUpply currenta 

ICCl at Pin 41 12 14 mA 
INl at Pin 7 -20 -24 mA 
IN2 at Pin 11 -11 -13 mA 

Power dissipation 

ProT Total power dissipation 350 410 mW 

Temperature 

TA Operating ambient temperature range -20 +70 ·C 

Data Input DATA (Pin 1) 

VIH Input voltage HIGH 2.0 7.0 V 

VIL Input voltage LOW 0 0.8 V 

IIH Input current HIGH at VIH 50 IIA 
-IlL Input current LOW at VIL 0.2 mA 

BRMAX Maximum Input bit rate 12 Mbits/s 

Latch enable Input LE (Pin 2) 
Clock Input eli (Pin 28) 

VIH Input voltage HIGH 2.0 7.0 V 

VIL Input voltage LOW 0 0.8 V 

IIH Input current HIGH at VIH 50 IIA 
-IlL Input current LOW at VIL 0.2 mA 

fCPMAX Maximum clock frequency 12 MHz 

08cl11ator (Pins 8 and 9) 

fose Oscillator frequency at Ca _ 9 - 820pF 100 180 200 kHz 
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14-Bit DAC (Serial Output) TDA1540TD, PN 

DC ELECTRICAL CHARACTERISTICS (Continued) T A = 25·C at typical supply voltages unless otherwise specified. 

SYMBOL PARAMETER 
Min 

Analog output lOUT (Pin 22) 

Vee Output voltage compliance -10 

IFS Full-scale current 3.8 

±Izs Zero-scale current 

TCFS Full-scale temperature coefficient T A = -20 to + 70·C 

tes Settling time to ±"2 LSB all bits on or off 

SIN Signal-to-noise rati02 80 

NOTES: 
1. When the output current is 't2IFS ('t2 full-scale output current). 
2. Signal-te-noise ratio within 20Hz and 20kHz full-scale sinewave, generated at a sample rate of 44kHz. 

FUNCTIONAL DESCRIPTION 
The binary weighted current sources are 
obtained by a combination of a passive divid
er and a time division concept. Figure 1 a 
gives the diagram of one divider stage. The 
total emitter current 4 I of the passive divider 
is divided into four more or less equal output 
currents. 

The output currents of the passive divider are 
now interchanged during equal time intervals 
generated by means of a shift register. The 

average output currents are exactly equal as 
a result of this operation. A ripple on the 
output current, caused by a mismatch of the 
passive divider, is filtered by an AC low-pass 
filter, requiring an external filter capacitor. 

The outputs of the dividers are combined to 
obtain the output currents I (id, l(i2) and 21 (i3) 

(see Figure 1 b). The current of the most 
significant bit is generated by an on-chip 
reference source. A binary weighted current 
network is formed by cascading the current 
division stages (see Figure 2). 

13 

t 21 

LIMITS 
UNIT 

Typ Max 

+10 mV 

4.0 4.2 mA 

100 nA 

±30 X 10-6 .C-1 

0.5 jJS 

85 dB 

The interchanging pulses are generated by 
an on-chip oscillator and a 4-bit shift register. 
The binary currents are switched to the cur
rent output (Pin 22) via diode-transistor 
switching stages; therefore, the voltage on 
the output pin must be OV ± 10mV. The output 
current can be converted into a voltage by 
means of a summing amplifier. 

Figure 3 represents the data input format, and 
an application circuit is given in Figure 4. 

WFm.,. 

a, Circuit Diagram of One Divider Stage 
b, Waveforms Showing Output 

Currents 11. 12 and 13 of Figure la 

Figure 1 
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14-Bit DAC (Serial Output) TDA1540TD. PN 

f f f ff f f f f f f 
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I I I I I I I I I I I I I I I 
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Figure 2. Functional Diagram Showing Caacadlng of CUrrent Division Stages 
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Figure 3. Format of Input SIgnals 
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14-Bit DAC (Serial Output) 

DATA 

CP 
LE 
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28 

+5V -5V -17V 

TDA1540 

1 nF 

2.5 K 

221-"'''---....... 
15 

17 

22pF 

Figure 4. Application Circuit 
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The introduction of digital signal processing in 
sound recording and reproduction systems 
imposes stringent requirements on the perfor
mance of digital-to-analog converters (DACs). 
Many of these systems demand converters 
with up to 16-bit resolution to obtain suffi
ciently high signal-Io-noise ratio and good 
linearity. 

The TDA 1540 is the first monolithic bipolar 
14-bit DAC with a signal-to-noise ratio of 
85dB (typ) for audio signals, sampled at 
44kHz. It uses a new method of current 
division, called dynamic element matching, to 
achieve high-accuracy binary-weighted cur
rents with long-term stability. Dynamic ele
ment matching combines passive division 
with a time division concept which eliminates 
resistor trimming. 

In addition, the TDA 1540 features: 
• On-Chip serlal-to-parallel shift register 

and data latches 

• On-Chip current reference 

• Inherent monotonlcity from -25 to 
+70·C 

• TTL-compatible Input 

• Serial data input (offset binary) which 
reduces feedthrough and correlated 
noise 

• Improved bit switching - no 
deglitchlng circuit required. 

Table 1 gives further data on the TDA1540. 

STANDARD DIGITAL-TO
ANALOG CONVERSION 
TECHNIQUES 
Monolithic DACs widely use an R-2R resistive 
ladder network with multiple-emitter terminat
ing transistors to generate binary-weighted 
currents. These currents are switched by 
digitally-controlled switches (bit switches) to a 
summing point; thereby digital-to-analog sig
nal conversion is performed. Figure 1 shows 
a DAC of this type. 

There are two problems in the design of an R-
2R DAC: the weighting accuracy of the binary 
currents which is set by the tolerance of the 
resistors and transistors, and the switching of 
the accurately-weighted binary currents with
out glitches which determines the dynamic 
performance. Regarding the problem of accu
racy, Table 2 shows that it is straightforward 
to integrate DACs having up to 10 bits; a 10-

February 1987 

AN110 
Monolithic 14-Bit DAC With 
85dB Signal-to-Noise Ratio 
Application Note 

bit converter requires a 512:1 current division, 
i.e., requires resistor tolerance better than 
0.05%. 12-bit converters usually need laser
trimming of thin-film resistors, or trimming of 
the binary-weighted currents using Zener zap
ping to achieve 12-bit accuracy. 

It is questionable how successfully trimming 
can be applied to 14- or 16-bit converters. 
Mounting the chip after trimming can change 
the resistances; trimming after mounting esn 
be expensive. Long-term stability may be a 
problem too. Furthermore, the cost of laser
trimming in large-volume production can be 
significant. 

In the TDA 1540 trimming has been eliminated 
by dynamic element matching. 

DYNAMIC ELEMENT MATCHING 

Basic Current Divider 
Figure 2a shows the block diagram of the 
divider. It consists of a passive current divider 
and a set of switches driven at a frequency, f, 
by a clock pulse generator. 

The input current 21 is divided into two nearly 
equal parts: 11 - I + al and 12 = 1- al. Then, 
11 and 12 are interchanged with respect to the 
output terminals 3 and 4 for equal times by 
means of the switches. The average current 
at each output terminal is then exactly equal 
and has a value I, see Figure 2b. 

There is a small ripple current 2alp_p of 
frequency f on the output currents. This ripple 
is proportional to the accuracy of current 
diviSion by the passive divider. By using a 
Simple low-pass filter to suppress the ripple, 
an exact current ratio of 2: 1 (input-to-output) 
is obtained. 

If the time that 11 and i2 are switched to each 
output differs by at (see Figure 2b) there will 
be an error in their 1:1 current ratio of (all 
t)(alll). For alii'" 1 % and alit'" 0.1 %, this 
error is '" 0.001 %. 

By casesding divider stages, an accurate bi
nary-weighted current network is formed. How
ever, in a practical circuit, each stage requires 
a minimum supply voltage of '" 2V. This leads 
to an impractieslly large supply voltage for a 
14-bit current network. Therefore, an improved 
divider is used which gives more weighted 
currents in one current interchange. 
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Improved Divider 
in the improved divider, a current, 41, is 
divided into four nearly eqUal parts: I + a11, 
I + a 21, I + Ll,al and I + Ail, (see Figure 3a). 
Note that a1 + a2+ LI,a+ Ai-O. 

Theae currents are fed into a switching net· 
work which interchanges all the currents with 
respect to the output terminals for equal 
times. The switches are controlled by signals 
from a 4-bit shift register. 

At the output of the Switching network, two 
currents are combined. Thus, the output cur· 
rents have average values of 21, I and I, 
Figure 3b. All currents have a ripple of fre
quency 114 (the time for one complete inter
change of ihe four currents being 4/1). Timing 
errors in the current switching have the same 
~ect on accuracY as for the basic divider. 

Figure 4 shows the circuit diagram of a practical 
current divider. TranSistors TR1, TR2, TR3 and 
TR4, with the resistors, R, divide the current 41 
into four nearly equal currents. These currents 
are fed into the switching netwcrk which con
sists of Darlington transistor switches to mini
mize base current loss. Two currents are 
summed directly, giving an output current of 21 
(avg). A 4-bitshift register controls the transis
tor switches which for accurate current division 
must have high current gain. 

BINARY-WEIGHTED CURRENT 
NETWORK 

, By esscsdlng divider stages, a binary-weight
ed current network is formed (see Figure 5). 
In the first stage the on-chip reference current 
source, IREF' and a current amplifier form an 
accurate current mirror. The reference cur
rent is used as the most signifiesnt bit current, 
which eliminates filtering. 

To obtain 14-bit accuracy, a choice can be 
made between the number of switched and 
unswltched current dividers. The minimum 
supply voltage decreases as the number of 
unswitched dividers increases. However, the 
number of unswitched dividers is limited by 
circuit yield. Five switched dividers followed 
by a 4-bit passive divider using emitter scaling 
represents the best compromise between 
supply voltage and circuit yield. 
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2R 2R 2R 

R R 

Figure 1. 3-Blt Binary-Weighted R-2R Dlgltal-ta-Analog Converter 

Table 1. TDA1540 Data 

Resolution 
Signal-ta-noise ratio (typ.) 
Unearity (typ.) 

Full·scale current (typ.) 
Settling time to ± Y2LSB 

(for a full·scale change) 
Maximum input bit rate 
Power dissipation 
Supply voltages 
Encapsulation 

NOTE: 

14 bits 
85dB 
± Y4LSB at T A = 25·C 
± Y2LSB -20·C < T A < + 70·C 
4mA 

typo lliS 
12 Mbitls 
350mW 
+5V, -5V and -17V 
28-pin caramic DIP 

1. Measured between 31.5Hz and 20kHz at a sampling frequency of 44kHz. 

Table 2. Matching Tolerance of Different Types of Resistor 

MATCHING TOLERANCE 

a(%) Mean (%l 
Fabrication Process 

lOllm 40IIm 10~ 50~ 

Diffusion 0.44 0.23 -0.1 0.07 
Thin-film 0.24 0.11 -0.1 -0.06 
Ion implantation 0.34 0.12 -0.04 0.05 

Resistor IInewidth 10llm and 40IIm 
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OUTPUTS 
3 4 

a. Basic Current Divider Using 
Dynamic Element Matching 

~ 
~ I 

CLOCKn n 
PULSEJ LJ L 

tl~2al 
14~ I J 
flU] L t2al 

o ., to to 

11 = 1+ al 
12= 1-.:11 

t1:: t+ 4' 
to-',·,- a. 

b. Output Currents 13 and 14 

Figure 2 

FILTERS AND BIT SWITCHES 
Figure 6 shows how the output currents of a 
switched divider stage are filtered and 
switched to the output. R1 C1 and R2C2 form 
first-order filters (the capacitors are connect
ed externally). Darlington transistors TR3, 
TR4 and TR5, TR6 isolate the filters from the. 
switching of the binary-weighted currents to 
the output (bit switching). Bit switching is 
performed with a diode-transistor configura
tion TR1, D1 and TR2, D2, enabling fast and 
accurate switching with no loss of base 
currents. 

Individual filtering of bit currents minimizes 
the noise of the TDA 1540 output current, and 
makes the conversion time solely dependent 
upon the speed of the bit switches. 

I 
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a. Improved Current Divider b. Output Currents 11. 12 and 13 
Figure 3 
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Figure 4. Circuit Diagram of the Practical Current Divider 
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8711432 

Figure 5. Binary-Weighted Current Network 
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Monolithic 14-Bit DAC With 85dB SignCSJI-tp-Noise Ratio AN110 

COMPLETE 14-BIT DAC 
Figure 7 is the block diagram of the complete 
DAC. It shows the 14-bit binary-weighted 

February 1987 
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NOTE: 
Vertical Scale 10dB/div., Horizontal Scale 2kHz/dlv. Bandwidth 30Hz. 

Figure 12. Distortion of an Output Sine Wave of Frequency 600Hz, !i.5kHz and 18kHz, Reapectlvely 

Figure 8 shows how to obtain a voltage 
output using the TDA 1540 with an operational 
amplifier. 

Figure 9 shows the input data format D, and 
the corresponding timing Signals CP (clock 
input) and LE (latch enable). 

PERFORMANCE 

Linearity 
A DAC is monotonic if the non-linearity is less 
than ± 1t2 LSB. Figure 10 shows that the non
linearity of the TDA 1540 is typically less than 
Y2LSB (3 X 10-5) over the temperature range 
-20 to + 70·C. 

Dynamic Performance 
Figure 11 shows the arrangement used to 
measure dynamic performance. A digital sine 
wave source produces 14-bit words which are 
latched at 44kHz. The outputs of the latches 
drive directly the bit switches of the converter. 
A high-speed operational amplifier with feed
back resistor R converts the output current of 
the converter into a voltage suitable for exam
ination by spectrum analyzer and oscillo
scope, or distortion analyzer. 

Figure 12 shows the results of spectrum 
analysis. For sine waves of 600Hz, 5.5kHz 
and 18kHz, distortion is about - 90dB with 
respect to the maximum sine wave output. 
Note, - 90dB is the limit of resolution of the 
spectrum analyzer. 

Figure 13 shows oscillograms of the filtered 
and unfiltered output signals. The low-pass 
filter introduces a delay in the output signal. 

APPLICATIONS 
DynamiC element matching is a simple, accu
rate, and reliable method of current division 
for high-accuracy monolithic-OACs; the result
ing dynamic performance of the TDA 1540 

February 1987 

NOTE: 
Vertical Scale 0.33 VolVDiv. 

Figure 13. Filtered and Unfiltered Output Signals: Above, 1kHz; Below, 6.3kHz 

makes it ideal for sound reproduction and 
recording systems. 

Its 15-bit linearity also makes it suitable for 
applications that do not require 14-bit resolu
tion, but demand high linearity to improve 
relative accuracy. Such applications include 
graphic display systelT)s, electron-beam re
cording and nuclear instrumentation. 
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The TDA 1540 easily fulfills the requirements 
ofa 12-bit DAC for telephony. For instrument 
manufacturers, the TDA 1540 can extend 
present limits of performance of distortion 
meters, spectrum analyzers, sine wave and. 
other signal generators. 

The use of over-sampling techniques with the 
TDA 1540 further improves the SIN ratio in 
audio applications and simplifies output ana
log filters. 



Signetics TDA1541 
Dual 16-Bit Digital-to-Analog 
Converter 

Linear Products 

DESCRIPTION 
The TDA 1541 is a monolithic integrated 
dual 16-bit digital-to-analog converter 
(DAC) designed for use in hi-fi digital 
audio equipment such as compact disc 
players, digital tape, or cassette record
ers. 

ORDERING INFORMATION 

Product Specification 

FEATURES 
• Selectable input format: offset 

binary or two's complement 
• Internal timing and control circuit 
• TTL-compatible digital inputs 
• High maximum Input bit rate and 

fast settling time 
.6Mblts!s data rate 
• Low linearity error ()2 LSB typ.) 
• Fast settling (1j.1S typ.) 

APPLICATIONS 
• Compact disc players 
• Digital audio tape, and cassette 

recorders and players 
• Waveform generation 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

28-Pin Plastic DIP -20·C to +70·C TDA1541N 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Supply voltage ranges 
Voo Pin 28 +7 V 
VOO1 Pin 26 -7 V 
VOO2 Pin 15 -17 V 

TJ Junction temperature range -55 to +150 ·C 

TSTG Storage temperature range -65 to +150 ·C 

TA Operating ambient temperature range -20 to +70 ·C 

YES Electrostatic handling 1 -1000 to +1000 V 

NOTE: 
1. Discharging a 250pF capacttor through B 1kO series resistor. 
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PIN CONFIGURATION 

N Package 

TOP VIEW 

853-1171 87583 
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Dual 16-Bit Digital-to-Analog Converter TDA1541 

DC AND AC ELECTRICAL CHARACTERISTICS voo = +SV; vo01 = -5V; vo02 = -ISV; TA = +2S·C; measured in Figure 
I, unless otherwise specified. 

LIMITS 
SYMBOL PARAMETER UNIT 

Min Typ Max 

Supply 

Supply voltage ranges 
Voo Pin 28 4.0 5.0 6.0 V 
-VOOl Pin 26 4.5 5.0 6.0 V 
-V002 Pin 15 14 15 16 V 

Supply currents 
100 Pin 28 45 60 mA 
-1001 Pin 26 45 75 mA 
-1002 Pin 15 25 60 mA 

Resolution 16 bits 

Inputs 

Input current (Pin 3 and Pin 4) 
IlL digital inputs LOW « 0.8V) TBD mA 
IIH digital inputs HIGH (> 2.0V) TBD jJA 

Input frequency 
fSCK at clock input (Pin 4) 12 MHz 
facK at clock input (Pin 2) 6 MHz 
fOAT at data inputs (Pin 3 and Pin 4) 6 MHz 
fws at word select input (Pin 1) 200 kHz 

CI Input capacitance of digital inputs 12 pF 

Oscillator 

fosc Oscillator frequency 150 200 250 kHz 

Analog outputs (AOL; AOR) 

Voc Output voltage compliance TBD TBD mV 

IFS Full-scale current 3.4 4.0 4.6 mA 

±Izs Zero-scale current TBD nA 

TCFS 
Full-scale temperature coefficient 

±200 ppml"C 
TA = -20 to +70·C 

Linearity error integral 
El at TA = 25·C 0.5 LSB 
El at TA=-20 to +70·C TBD LSB 

Linearity error differential 
EOl at TA;' 25·C 0.5 1 LSB 
EOl at TA = -20 to +70·C TBD LSB 

SIN Signal-to-noise ratio + THDl 90 95 dB 

tcs Settling time to ± 1 LSB 1 j.lS 

a: Channel separation 80 TBD dB 

AIFS Unbalance between outputs 0.1 0.2 dB 

to Time· delay between outputs 1 j.lS 

Power supply ripple rejection2 
RR VOO = +5V TBD dB 
RR VOOl =-5V TBD dB 
RR V002 = -15V TBD dB 

SIN Signal-to-noise ratio at bipolar zero -100 dB 
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Dual 16-Bit Digital-to-Analog Converter TDA1541 

DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Voo=+5V; Voo1=-5V; V002=-12V; TA=+25°C; 
measured in Figure 1, unless otherwise specified. 

SYMBOL PARAMETER 
Min 

Timing (see Figures 2, 3, and 4) 

tR Rise time 

tF Fall time 

lev Bit clock cycle time 160 

tHB Bit clock High time 48 

tLB Bit clock Low time 48 

tFBRL Bit clock fall time to latch rise time 0 

tRBFL Bit clock rise time to latch fall time 0 

isOB Data setup time to bit clock 32 

tHOB Data hold .time to bit clock 0 

tsDS Data setup time to system clock 32 

IHWs Word select hold time to system clock 0 

isws Word select setup time to system clock 32 

tFBRS Bit clock fall time to system clock rise time 32 

iRSFB System clock rise time to bit clock fall time 32 

"'SRB System clock fall time to bit clock rise time 50 

tRBFS Bit clock rise time to system clock fall time 0 

tLLE Latch enable Low time 20 

ltiLE Latch enable High time 32 

NOTES: 
1. Signal-to-noiss ratio + THO with 1 kHz full-scale sine wave generated at a sampling rate of 176.4kHz. 
2. VRIPPLE - 1 % of supply voltage and fRIPPLE = 100Hz. 

FUNCTIONAL DESCRIPTION 
The TDA 1541 accepts input sample formats 
in time multiplexed mode or simultaneous 
mode with any bit length. The most significant 
bit (MSB) must always be first. This flexible 
input data format allows easy interfacing with 
Signal processing chips such as interpolation 
filters, error correction circuits, pulse code 
modulation adaptors and audio signal proces
sors (ASP). 

The high maximum input bit rate and fast 
settling time facilitates application in 4X over
sampling systems (44.1 kHz to 176.4kHz) with 
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the associated simple analog filtering function 
(Iow-order, linear phase filter). 

Input Data Selection 
(See also Table 1) 
With input as/TWC connected to ground, 
data input (offset binary format) must be in 
time multiplexed mode. It is accompanied 
with a word select (WS) and a bit clock input 
(BCK) signal. A separate system clock input 
(SCK) is provided for accurate, jitter-free 
timing of the analog outputs AOL and AOR. 

With as/TWC connected to Voo, the mode is 
the same, but data format must be in two's 
complement. 
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LIMITS 
UNIT 

Typ Max 

35 ns 

35 ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

When input OB/TWC is connected to (Voo1l 
the two channels of data (L/R) are input 
Simultaneously via (DATA L) and (DATA R), 
accompanied by BCK and a latch-enable 
input (LE). With this mode selected, the data 
must be in offset binary. 

The format of data input signals is shown in 
Figures 2, 3, and 4. 

True 16-bit performance is achieved by each 
channel using three 2-bit active dividers, op
erating on the dynamic element matching 
principle, in combination with a 10-bit passive 
current-divider, based on emitter scaling. All 
digital inputs are TIL-compatible. 
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Dual 16-Bit Digital-to-Analog Converter 

Table 1. Input Data Selection 

OB/TWC MODE 

-5V 
OV 

+5V 

Where: 
LE 
WS 
BCK 
DATA L 
DATA R 
DATA OB 
DATA TWC 
MUX OB 
MUX TWC 

,_ 
(7X) 

Simultaneous 
Time MUX DB 
Time MUX TWC 

- Latch enable 
- Word select 
- B" clock 
- Data left 
- Data right 
- Data offset binary 
- Data two's complement 
- Multiplexed offset binary 
- Multiplexed two's complement 

18 

PIN 1 PIN 2 

LE BCK 
WS BCK 
WS BCK 

DA~~o-~ __________ .-________ ~ 

BCKo-~----------t---1---------i 

DA~C:o-:4,+-______ ~ 
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Figure 2. Fonnat ot Input Signals; Time Multiplexed at tSCK = tacK (12S Format) 
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DESCRIPTION 
The TDA 1721 is an 8-bit multiplying DAC 
manufactured in the LOCMOS technolo
gy. Apart from the reference voltage, the 
device uses only one supply voltage, 
which may range from 5 up to 15V. 

The digital bit inputs can be switched 
from CMOS to TTL compatibility over 
total supply voltage range by means of 
an extra pin (TTL/CMOS), which may be 
connected to VDD or Vss. 

These inputs are also provided with 
transparent latches, controlled by Chip 
Enable (CE) and Chip Select (CS) sig
nals, so the device can be used in 
microprocessor environments. 

The reference inputs (Ref Voltage as 
well as Ref Common) may have any 
voltage between Vss and VDD -3V. A 
resistor (typical 35kn) is connected be
tween these two terminals. 

The binary input value is translated into 
an output voltage with a relative accura
cy of ± hLSB. The output is internally 
buffered. 

ORDERING INFORMATION 

TDA1721 
a-Bit Multiplying DAC 
Objective Specification 

FEA"rURES PIN CONFIGURATION 
• Single supply operation 
• Variable output range 

N Package 

• l'2 LSB accuracy 
• Fully monotonic 
• Fast settling (31tS typ) 
• Low power consumption (15mW 

at 10V) 

APPLICATIONS 
• Waveform generators 

• Modems 
• Analog meter drivers TOP VIEW 

• Tracking A-O converters 
• Programmable power supplies 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

16-Pin Plastic DIP (SOT-380IZ) o to +70·C TDA1721N 
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8-Bit Multiplying DAC TDA1721 

DC AND AC ELECTRICAL CHARACTERISTICS Voo - 10V, Vss = VRCOM = OV, VREF = 5V, T A - 25°C, unless otherwise 
specified 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Resolution 19.5 mV 

Eo Offset error 5 mV 

EFS Full·scale error 2 % 

DNL Differential linearity 1t4 1t2 LSB 

Monotonicity 
Guaranteed for T A = -40°C to 

+ 85°C 

Fesdthrough 
Input code 00000000 

0.01 LSB 
VREF = 6Vp_p, 200kHz sine wave 

Is Settling time to 1/2 LSB 5V step 10pF load 3 lIS 

dv/dT Slew rate 4 VIlIS 

Temp. coefficients: 
TCFS Full-scale error ppm 15 FS/oC 

TC2S Offset error ppm 2 FS/oC 

TCoNL Linearity ppm 2 FS/oC 

PSRR Power supply rejection ratio 0.4 mVIV 

CL Maximum load capacitance TBD TBD TBD pF 

RREF 
Resistance between Ref 

35 kG Voltage and Ref Common 

Output: 
rangel Not loaded 0 7 V 

IOUT+ current source 3 mA 
IOUT- sink 0.5V < VOUT < (Voo - 3V) -1.2 rnA 

Latching time 150 ns 

Voo Supply voltage 4.75 15 V 

100 Supply current Voo = 10V analog output not loaded 1.5 mA 

Reference voltage: 
VREF Ref Voltage 0 Voo -3.0 V 
VRCOM Ref Common 0 Voo -3.0 V 

Digital input levels: 
VIL Input voltage low TTL/~;;'4.0V 0.8 V 

TTL/~';;;0.8V 0.3 X Voo V 
VIH Input voltage high TTLI~;;'4.0V 2.0 V 

TTL/~;;'2.0V 0.7 X Voo V 

VIL TTL/~ 0.3 Voo 
VIH 0.7 Voo 

NOTE: 
1. Prcvlded VREF and the input cede are adepted to this output voltage. 
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a-Bit Multiplying DAC 

PRINCIPLE OF OPERATION 
ihe resistor connected to the two reference 
terminals can be divided into two parts: 

1. Main string of 16 equal resistors connected 
to Ref Volt and Ref Common. 

2. SeCond string of 16 equal resistors (resis
tance is not the same as the resistance of 
the 16 resistors in the main string), which a 
string is connected in parallel with one of 
the resistors of the main string. 

RiI'VOLT 

LIB 

MSB 

I 
REFCa.lON 

The four MSBs determine the resistor to 
which the second resistor string is connected 
In parallel. The four LSBs determine the tap 
of the second resistor string. 

The tap of the second resistor string is 
connected to an intemal voltage follower. The 
output of this voltage follower is connected to 
VOUT. The offset Is trimmed with zener zap
ping to a value smaller then ± -7mV. 

February 1987 

The digital inputs first pass a level convertor, 
which adapts the input switching levels to 
standard TTL or standard CMOS levels, de
pending on the position of the TTL/CMOS 
pin. The output of these convertors is con
nected to transparent latches, which are 
controlled by the pins Chip Select and Chip 
Enable. 

DESCRIPTION OF INPUTS AND 
OUTPUTS 

Inputs 
A: Analog 

AI Ref Volt: This pin connected to one 
side of the main resistor string. The 
typical resistance of this string is 
35kO. 

A2 Ref Common: This pin is connected 
to the other side of the main resistor 
string. 

The input voltage of both Aland A2 may 
vary from Vss to Voo -3V. 

B: Digital 

Bl 8 input bits (from LSB to MSB). These 
bits determine the output voltage via 
an ordinary binary code. The output 
voltage is obtained by choosing the 
place of the second resistor string in 
the main string, and the tap of the 
second resistor string. The inputs are 
TTL and CMOS compatible, con
trolled by the TTL/CMOS pin. over 
the total supply voltage range. Further 
on, the inputs are provided with 
latches, controlled by CS and CE 
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Objective Specification 

TDA1721 

pins, so the device can be used in 
microprocessor environments. 

B2 TTLI~. This input (CMOS levels) 
controls the levels of all other digital 
input pins. If the pin is low the inputs 
are CMOS compatible; if the pin is 
high the inputs are TTL compatible. 

B3 CS Chip Select pin 

B4 ~ Chip Enable pin; it controls the 
transparent latches at the inputs of 
the 8 bits. The following table gives 
the possible input combinations: 

O"E CS Latch condition 
L L Transparent 
I L "latching" 
L I " 
H X previous data latched 
X H 

NOTE: I = Positiv&-going transition 
X = State is immaterial 
H = High state (the more posi

tive voltage) 
L = Low state (the less posi

tive voltage) 

Output 
C: Analog 

Cl Analog output: This is the buffered 
voltage output of the DAC. The output 
ranges from Vss to Voo -3V, when 
proper reference voltage and input 
code are applied. The output can be 
loaded with a maximum capacitance 
of 75pF. The slew rate of the internal 
buffer is typical 3V / IJS. 

I 
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a-Bit Multiplying DAC TDA1721 
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Linear Products 

DESCRIPTION 
The TDA5702 is an 8-bit digital-to-ana
log converter (DAC) designed for video 
and professional applications. The 
TDA5702 converts the 8-bit binary-cod
ed digital words into an analog output 
signal at a sampling rate of 25M Hz. The 
design of the TDA5702 has eliminated 
the need for an operational amplifier, 
buffer and deglitching circuit at the ana
log output. 

ORDERING INFORMATION 

Preliminary SpeCification 

FEATURES 
• a-bit accuracy 
• Internal input register 
• TTL compatible digital signals 
• Two voltage supply connections: 

-analog +5V 
- digital + 5V 

• Two complementary outputs 
(VOUT, VOUT) 

• No deglltching circuit required 
• Low power consumption; 

typically 300mW 
• 16-lead plastic DIP 

APPLICATIONS 
• Video data conversion 
• Color/black-and-whlte graphics 
• CRT displays 
• Waveform/test signal generation 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

16-Pin Plastic DIP (SOT-38) o to +70·C TDA5702N 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Supply voltage 
VCC2 at Pin 13 8 V 
VCCI at Pin 16 8 V 

Input voltage 
VIN at Pins 3, 4, 5, 7, 8, 9, 10, 11 and 12 8 V 

TSTG Storage temperature range -65 to +150 ·C 

TJ Junction temperature +125 ·C 

TA Operating ambient temperature range o to +70 ·C 
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PIN CONFIGURATION 

N Package 

BITe 

BlT7 BITe -". __ --1, 

lOP VIEW 

PIN NO. SYMBOL DESCRIPTION 
1 REF Current reference loop 

decoupling 
2 AGND Analog ground 
3 Bit 3 
4 B~ 4 
5 feu< 25MHz clock input 
6 DGND Sigital ground 
7 Bit 8 Most significant bit (MSB) 
8 Bit 7 
9 B~ 6 

10 Bk 5 
11 Bit 2 
12 B~ 1 Least significant bit (LSB) 
13 VCC2 Digital supply voltage 
14 VOUT Analog voftage output 
15 I;]()ijT Complementary analog voltage 

output 
16 VCC1 Analog supply voltage 

I 
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8-Bit Digital-to-Analog Converter TDA5702 
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8-Bit Digital-to-Analog Converter TDA5702 

DC ELECTRICAL CHARACTERISTICS VCCI = VCC2 = 4.75 to 5.25V. TA = 0 to + 70·C. unless otherwise specified. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Supply 

VCC2 Digital supply voltage Pin 13 4.75 5.0 5.25 V 

VCCI Analog supply voltage Pin 16 4.75 5.0 5.25 V 

IC02 Digital supply current Pin 13 25 34 43 mA 

ICCI Analog supply current Pin 16 20 27 34 mA 

Res Resolution 8 bits 

Digital Input levals 

VIH Input voltage HIGH 2.2 V 

VIL Input voltage LOW 0.8 V 

IIH Input current HIGH 10 !JA 

IlL Input current LOW -1.5 mA 

IlL Clock input current LOW -1.0 mA 

Outputa2 

VFS Full-scale voltage with respect to V cc 1.43 1.6 1.75 V 

VZS Zero offset voltage with respect to V cc 10 25 . mV 

Absolute linearity V14. V15 -0.5 +0.5 LSB 
I 

Differential linearity V14• V15 -0.5 +0.5 LSB 

R16-14 Output resistance 75 n 
Cl External capacitance 100 nF 

NOTES: 
1. See Figure 3. 
2. See Figure 2. 
3. See Figure 1. 

AC ELECTRICAL CHARACTERISTICS VCCI - VCC2 = 4.75 to 5.25V. TA = 0 to + 70·C. unless otherwise specified. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

TIming 

fc Maximum conversion rate 25 MHz 

tos Data turn-on delay 1 10 ns 

tsETl Transient settiing time 1t2 LSB 30 ns 

tsET2 Transient settiing time 1 LSB 20 ns 

to Transient output (glitch) energy +50 LSB ns 

tpw Pulse width3 10 ns 

tsu Data setup time 4 ns 

tH Data hold time 6 ns 

NOTE: 
1. See Figure 1. 
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8-Bit Digital-to-Analog Converter TDA5702 
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DESCRIPTION 
The TDA8444 is a bipolar integrated 
circuit in a 16-pin dual in-line package 
made with an 12L-compatible, 18V pro
cess. It features 8 programmable 6-bit 
DAC outputs, an 12C bus slave receiver 
with 3 programmable address bits, and 
one input (VMAJO to set the maximum 
output voltage. 

Each DAC can be programmed sepa
rately by a 6-bit word to 64 steps, but 
VMAX determines the maximum output 
voltage for all DACs. The resolution will 
be approximately VMAX/64. At power-on, 
all DACs are set to their lowest value. 

ORDERING INFORMATION 

DESCRIPTION 

16-Pln Plastic DIP (SOT-38WE1) 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Vcc Supply voltage 

Icc Supply current 

PDMAX Power dissipation 

TDA8444 
Octal 6-Bit DAC With 12C Bus 
Objective Specification 

FEATURES PIN CONFIGURATION 
• 12 C compatible 

• SerIal Input 
N Package 

• Single supply operation 
• Low power consumption 

(150mW typ.) 

• 8 DACa In single package 

APPLICATIONS 

• Television 

• Radio 
• Instrumentation 

TOPYIEW 
CD12230S 

TEMPERATURE 
ORDER CODE 

RANGE 

o to 70·C TDA8444N 

RATING UNIT 

18 V 

10 mA 

500 mW 

TA Operating ambient temperature range -20 to +70 ·C 

TSTG Storage temperature range -65 to +150 ·C 

TJ Junction temperature +125 ·C 
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Octal 6-Bit DAC With 12C Bus TDA8444 
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Octal 6-Bit DAC With 12C Bus TDA8444 

DC ELECTRICAL CHARACTERISTICS Voltages with respect to VEE, Vcc = 12V, TA = 25°C, unless otherwise specified. 

LIMITS 
SYMBOL PARAMETER UNIT 

Min Typ Max 

Vee Supply voltage 10.8 12 13.2 V 

lee Supply current (no loads, VMAX = Vee, all data = 00) 8 11 15 rnA 

Po Power dissipation 130 mW 

VMAX input effective voltage range V2 (Vee = 12V) 1 10.5 V 

VMAX input current -12 10 IJA 
SDA, SCl input voltage V3, V 4 0 5.5 V 

SDA, SCl input logic lOW level VIL3, 4 1.5 V 

SDA, SCl input logic HIGH level VIH3, 4 3.0 V 

SDA, SCl input current lOW (Pins 3, 4) 10 p.A 
HIGH (Pins 3, 4) 10 p.A 

SDA output logic lOW level VOL 0.4 V 

SDA output sink current 13 3 5 rnA 

Address input voltage 0 Vee V 

Address logic lOW level VIL5, 6, 7 1.4 V 

Address logic HIGH level VIH 5, 6, 7 2.1 V 

-IlL Address input current lOW (Pins 5, 6, 7) 5 10 IJA I 
Address input current HIGH (Pins 5, 6, 7) 1 IJA 
DAC output voltage V9-V16 0.1 Vee- 0.5 V 

DAC output low (data = 00, IL = 0) 0.1 0.4 0.8 V 

DAC output high (data = 3F, IL = 0, VCC = 12V) 
VMAX=Vee 10.0 10.5 11.5 V 

1 < VMAX < 10.5V VOMAX = 0.95VMAX+VOMIN+0.5V V 

10 DAC output sink current 19 -116 2 8 15 rnA 

-10 DAC output source current -19 - -116 2 6.0 rnA 

Zo DAC output impedance (-2"; IL ..; + 2mA) Zo 2 70 n 
VLSB Step value of llSB (VMAX = Vee) 100 160 250 mV 

Deviation from linearity 0.50 V 

Power reset range 1 4.6 V 
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Octal 6-Bit DAC With 12C Bus 

FUNCTIONAL DESCRIPTION 
12c Bus 
The 12C bus interface is a receive-only slave 
which accepts data according to the following 
formats: 

Objective Specification 

TDA8444 

S 10 1 0 0 A2 A1 AO 0 I A I 13 12 11 10 SO SC S8 SA I A I X X 05 04 03 02 01 DO I A I P 

address byte instruction byte 

S 
P 
A 
13-10 
SO-SA 
A2,A1,AO 
X 
05-00 

= Start condition 
= Stop condition 
- Acknowledge 
- Instruction bits 
= Sub-address bits 
- Programmable address bits 
= Don't care 
- Data bits 

Valid addresses (hexadecimal) are: 40, 42, 44, 46, 48, 4A, 4C, 4E 

All other addresses cannot be acknowledged 
by the circuit. The actual address depends on 
the program address bits A2, A 1, AO. In this 
way up to 8 cirCUits can be used on one 12c 
bus. 

Valid instructions (hexadecimal) are: 00 - OF; 
FO-FF. 

The circuit will not respond to combinations of 
th!l 4 instruction bits 13 - 10 other than 0 or F. 
The difference between instructions 0 and F 
is only important when more than one data 
byte is sent within one transmission. Instruc
tion 0 causes the data bytes to be written into 
the OAC latches with consecutive sub-ad
dresses, starting with the sub-address given 
in the instruction byte (autO-increment of sub
address), while instruction F will cause a 
consecutive writing of the data bytes into the 
seme OAC latch whose sub-address was 
given in the instruction byte. In case of only 
one data byte, the OAC latch with the sub-

February 1987 

address equal to the sub-address in the 
instruction byte will receive the data. 

Valid sub-addresses (hexadecimal) are: 0 -7. 

The sub-addresses correspond to 
OACO-OAC7. 

The auto-increment (AI) function of instruc
tion byte 0, however, works on all possible 
sub-addresses 0 - F in such a way that next 
to sub-address F, sub-address 0 will follow, 
and so on. 

The data will be latched into the OAC latch on 
the positive-going edge of the acknowledge
related clock pulse. 

The specification of the SCL and SOA I/O 
meets the 12C bus specification. For protec
tion against positive voltage pulses on Pins 3 
and 4, zeners are connected between these 
pins and VEE. This means that normal bus 
line voltage should not exceed 5.9V. 

5-250 

first data byte 

The address inputs AO, A 1, A2 can be easily 
programmed by either a connection to VEE 
(AX = 0) or Vee (AX -1). If the Inputs are left 
floating, AX - 1 will result. 

VMAX 
The VMf,X input (Pin 2) provides a means of 
compressing the OAC output voltage swing. 
The maximum OAC output voltage will be 
approximately equal to VMAX, while the 6-bit 
resolution is maintained. This enables a 
higher voltage resolution for smaller output 
swings. 

DACs 
Each OAC consists of a 6-bit data latch, 
current switches, and an op amp. The current 
sources connecte(j to the switches have 
values with weights 2° - 25. The sum of the 
switched-on currents is converted by the op 
amp into a voltage between approximately 
0.5V and 10.5V if VMAX = Vee. 

The OAC outputs are short circuit protected 
against Vee and VEE. 
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DEVICE 

LMlll' 
LM211 
LM311 
NE5272 

SE527 
NE5293 

SE529 
NE5105A 
NE5105 
LM1193 

LM219 
LM319 
LM19a"/193A 
LM293/293A 
LM393/393A 
LM2903 
NE/SE521 4 

NE/SE522 
LM13931139A 
LM239/239A 
LM339/339A 
LM2901 
MC33023 

I\) NOTES: 

COM-
PLEXITY 

Single 
Single 
Single 
Single 
Single 
Single 
Single 
Single 
Single 
Dual 
Dual 
Dual 
Dual 
Dual 
Dual 
Dual 
Dual 
Dual 
Quad 
Quad 
Quad 
Quad 
Quad 

MAX.INP. 
OFFSET 

TEMP VOLT 
RANGE· (mV) 

M 3.0 
I 3.0 
C 7.5 
C 10.0 
M 6.00 
C 10.0 
M 6.00 

AlC/M 0.25 
AlC/M 0.60 

M 7.00 
I 7.00 
C 10.0 
M 9.00/4.0 
I 9.0014.0 
C 9.00/4.0 
I 15.0 

M/C 15110.0 
M/C 15110.0 

M 9.00/4.0 
I 9.00/4.0 
C 9.00/4.0 
I 15.0 
I 40.0 

1. With strobe, will work from single supply 

MAX. INPUT 
CURRENT 

BIAS OFFSET 
(!'A) (!'A) 

0.10 0.Q1 
0.10 0.Q1 
0.25 0.05 
4.00 1.0 
4.00 1.00 
50.0 15.0 
36.0 9.00 
1.2 0.02 
1.4 0.04 

1.00 0.10 
1.00 0.10 
1.20 0.30 
0.30 0.10 
0.40 0.15 
0.40 0.15 
0.50 0.20 
40.0 12.0 
40.0 12.0 
0.30 0.10 
0.40 0.15 
0.40 0.15 
0.50 0.20 
1.00 0.30 

2. Complementary output gates with individual strobes 
3. Will operate from single or dual supplies 
4. Ultra-high speed 
"Temperature Range 

I = Industrial -25'C to + 85'C 
C - Commercial O'C to + 70'C 
M - Military -55'C to + 125'C 
A - Automotive -4O'C to + 85'C 

SUPPLY 
VOLTAGE 

(V) 

±15 
to 

+5 and GND 
±10 
+5 
±10 

and +5 
±5 
±5 

±15 
to 

+5 and GND 
±1 to ±la 

or 
+2 to +36 GND 

+5 -5 GND 
+5 -5 GND 

±1 to ±18 or 
+2 to +36 

+2 to +28 GND 

RESPONSE COMMON- OUTPUT VOLTAGE 
TIME MODE 
(TYP) VOLTAGE VOL MAX VOH MIN OUTPUT 
(ns) RANGE (V) (V) M STRUCTURE 

200 -14.5/+13 0.4 DC 
200 -14.5/+13 0.4 OC 
200 -14.5/+ 13 0.4 OC 
16 ±5 0.5 2.7 TTL 
16 ±5 0.5 2.5 TTL 
12 ±5 0.5 2.7 TTL 
12 ±5 0.5 2.5 TTL 
36 ±3 0.4 2.4 TTL 
36 ±3 0.4 2.4 TTL 
80 ±13 0.4 DC 
80 ±13 0.4 OC 
80 ±13 0.4 OC 

1300 o to Vs-2 0.7 OC 
1300 o to Vs-2 0.7 DC 
1300 o to Vs-2 0.7 DC 
1300 o to Vs-2 0.7 DC 

8 ±3 0.5 2.5/2.7 TTL 
10 ±3 0.5 OC 

1300 o to Vs-2 0.7 OC 
1300 o to Vs-2 0.7 DC 
1300 o to Vs-2 0.7 OC 
1300 o to Vs-2 0.7 OC 
1300 o to Vs-2 0.7 DC 

VOLTAGE 
GAIN 
(TYP) TTL 

(V/mV) FANOUT 

200 5 
200 5 
200 5 

5 
5 
5 
5 

26 10 
26 10 
40 2 
40 2 
40 2 
200 2 
200 2 
200 2 
100 2 

12 
12 

200 2 
200 2 
200 2 
100 2 
100 2 

MAX DIFF 
INPUT 

VOLTAGE 

M 
±30 
±30 
±30 
±5 
±5 
±5 
±5 
±5 
±5 
±5 
±5 
±5 
36 
36 
36 
36 
±6 
±6 
36 
36 
36 
36 
36 

g 
3 
u o 

~ .... 
en 
CD 

a o .... 
(j) 
C c: 
CD 

I!! 
CO 
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Common-Mode Rejection Ratio 
(CMRR) 
The ratio of the change in input common
mode voltage (over a specified input com
mon-mode range) to the corresponding 
change in Vos (see definition below). 
CMRR is expressed in dB where 
CMRR (dB) = 20Iog(.:lCMVI.:lVos). 

Differential Input Resistance 
(RIN) 
The small-signal resistance looking into either 
input terminal with the other input terminal 
connected to a specified voltage. 

Input Bias Current (IBIAS) 
The current into either input terminal with 
both inputs connected to a common specified 
voltage. 

Input Common-Mode Voltage 
Range (CMVR) 
The range of input common-mode voltage for 
which operation within the specifications is 
guaranteed. 

Input Offset Current (los) 
The difference between the two input bias 
currents with both inputs connected to a 
common specified voltage. 

Input Offset Current Drift 
(TCIOS) 
The ratio of the change in los to the corre
sponding change in temperature as that tem
perature deviates from 25°C. 

Input Offset Voltage (Vas) 
The minimum potential difference required 
between the input terminals to force the 
output to a specHied voltage. 

Input Offset Voltage Drift 
(TCVos) 
The ratio of the change in Vos to the corre
sponding change in temperature as that tem
perature deviates from 25°C. 

February 1987 

Symbols and Definitions for 
Comparators 

Input to Output Propagation 
Delay (tpo) 
The propagation delay measured from the 
time the differential input signal equals Vos to 
the 50% point of the output transition with the 
comparator in the compare mode. The propa
gation delay is specified for a given initial 
input voluige (-VIN) and overdrive (Voo, see 
definition below) and can also be specified for 
both positive-(lpo + ) and negative-(tpo - ) go
ing input signals. 

Latch Disable Propagation 
Delay (tLPO) 
The propagation delay measured between 
the 50% point of the latch-to-compare transi
tion of the latch enable signal and the 50% 
point of the output transition. This propaga
tion delay can be specified for both positive
(tIPO +) and negative-(tIPo _) going output 
transitions and is specified for a particular 
value of Voo (see definition below). 

Latch Hold Time (tH) 
The minimum time after the compare-to-Iatch 
transition of the latch enable signal that the 
input signal must remain unchanged in order 
to be acquired and held at the output. Hold 
time is measured from the 50% transition 
paint of the latch enable Signal to the point at 
which the differential input signal equals Vos 
and is specified for a particular value of Voo 
(see definition below). 

Latch Pulse Width (tW) 
The minimum time that the latch enable 
Signal must be in the compare mode in order 
to acquire and subsequently hold an input 
signal change. Pulse width is measured be
tween the 50% transition points of the latch 
enable pulse and is specified for a particular 
value of Voo (see definition below). 

Latch Setup Time (ts) 
The minimum time before the compare-to
latch transition of the latch enable signal that 

5-253 

the input signal must remain unchanged in 
order to be acquired and held at the output. 
Setup time is measured from the point at 
which the differential input voltage equals 
Vos to the 50% transition point of the latch 
enable signal and is specified for a particular 
value of Voo (see definition below). 

Output High Current (IOH) 
The current that can be sourced at the output 
terminal at a specified output voltage. 

Output High Voltage (VOH) 
The high output voltage at a specified output 
source current and differential input voltage. 

Output Low Current (IOL) 
The current that can be sunk at the output 
terminal at a specified output voltage. 

Output Low Voltage (VOL) 
The low output voltage at a specHied output 
sink current and differential input voltage. 

Overdrive (VOO) 
The input overdrive (Voo) is the applied 
differential input voltage (VIN) in excess of the 
comparator input offset voltage (Vos); i.e., 
Voo = VIN - Vos. The dynamic response of a 
comparator depends on the input overdrive 
and, for this reason, such parameters as 
propagation delay and latch setup time, hold 
time, and pulse width are specified for a 
particular value of Voo. 

Power Supply Rejection Ratio 
(PSRR) 
The ratio of the change in power supply 
voltage (over a specified power supply volt
age range) to the corresponding change in 
Vos. PSRR is expressed in dB where 
PSRR(dB) = 2010g(.:lPSV/.:lVos). 

Voltage Gain (Av) 
The ratio of the change in output voltage 
(over a specified output voltage range) to the 
change in differential input voltage. 

I 
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DESCRIPTION 
The LMlll series are voltage compara
tors that have input currents approxi
mately a hundred times lower than de
vices like the 1tA710. They are designed 
to operate over a wider range of supply 
voltages; from standard ± 15V op amp 
supplies down to the single 5V supply 
used for Ie logic. Their output is compat
ible with RTL, DTL, and TTL as well as 
MOS circuits. Further, they can drive 
lamps or relays, switching voltages up to 
50V at currents as high as 50mA. 

Both the inputs and the outputs of the 
LMlll series can be isolated from sys
tem ground, and the output can drive 
loads referred to ground, the positive 
supply, or the negative supply. Offset 
balancing and strobe capability are pro
vided and outputs can be wire-ORed. 

EQUIVALENT SCHEMATIC 

_ell 
STROlE BALANCE 

November 14, 1986 

LM111/211/311 
Voltage Comparator 
Product Specification 

Although slower than the ItA 71 0 (200ns 
response time vs 40ns), the devices are 
also much less prone to spurious oscilla
tions. The LMlll series has the same 
pin configuration as the 1tA710 series. 

FEATURES 
• Operates from single SV supply 
• Maximum Input bias current: 

1S0nA (LM311- 250nA) 

• Maximum offset current: 20nA 
(LM311 - SOnA) 

• Differential input voltage range: 
±30V 

• Power consumption: 13SmW at 
± 15V 

• High sensitivity - 200V /mV 

5-254 

PIN CONFIGURATION 

D, FE, N Packagea 

GND§jV+ . 
INPUT 2 7 OUTPUT 

INPUT BAUSTROBE 

y- 4 BALANCE 

"" ..... 
APPLICATIONS 
• Zero crossing detector 
• Precision squarer 
• Positive/negative peak detector 
• Low voltage adjustable reference 

supply 

• Switching power amplifier 

v· 

RI1 
.OO 

011 

R' • ... 
RIa 
• 

y-

TC18111S 

853-0927 86554 
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Voltage Comparator 

ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

B-Pin Cerdip o to +70·C 

B-Pin Cerdip o to +70·C 

B-Pin Plastic DIP o to +70·C 

B-Pin Plastic SO o to +70·C 

B-Pin Cerdip o to +70·C 

B-Pin Plastic DIP o to +70·C 

B-Pin Plastic SO o to +70·C 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Vs Total supply voltage 

Output to negative supply voltage: 
LM111/LM211 
LM311 

Ground to negative supply voltage 

Differential input voltage 

VIN Input voltage 1 

Po 
Maximum power dissipation, 
T A = 25·C (still-air) 1 

F package 
N package 
D package 

J Output short-circuit duration 

TA Operating ambient temperature range 
LM111 
LM211 
LM311 

TSTG Storage temperature range 

TSOLD 
Lead soldering temperature 
(10sec max) 

NOTE: 
1. Derate above 25·C, at the following rates: 

F package at 6.2mW fOC 
N package at 9.3mW fOC 
D package at 6.2m/W·C 

November 14, 19B6 

LM111FE 

LM211FE 

LM211N 

LM311D 

LM311FE 

LM311N 

LM211D 

RATING UNIT 

36 V 

50 V 
40 V 

30 V 

±30 V 

±15 V 

7BO mW 
1160 mW 
7BO mW 

10 sec 

-55 to +125 ·C 
-25 to +B5 ·C 
o to +70 ·C 

-65 to +150 ·C 

300 ·C 
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Product Specification 

LM111j211j311 
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Voltage Comparator LM111/211/311 

DC ELECTRICAL CHARACTERISTICS 1, 2, 3 

LM111/LM211 LM311 
SYMBOL PARAMETER TEST CONDITIO~ UNIT 

Min Typ Max Min Typ Max 

Vos Input offset vOltage3 T A - 2S'0, Rs" SOkO 0.7 3.0 2.0 7.S mV 

los Input offset currem3 TA a 2S'0 4.0 10 6.0 50 nA 

IBIAS Input bias current TA = 25'C 60 100 100 2S0 nA 

Av Voltage gain TA - 2S'0 200 200 VlmV 

Response time4 TA -2S'0 200 200 ns 
Saturation voltage VIN"-SmV, lOUT-SOmA 

TA = 2S'0 0.7S I.S 0.7S I.S V 

Strobe on current TA = 2S'0 3.0 3.0 mA 
Output leakage current VIN .. SmV, VOUT = 3SV 

T A - 2S'0, ISTROBE = 3mA 0.2 10 0.2 SO nA 

Vos Input offset voltage3 Rs"50kO 4.0 10 mV 

los Input offset current3 20 70 nA 
IBIAS Input bias current 150 300 nA 

VIN Input voltage range V = ± ISV (Pin 7 may go to SV) -14.S 13.8 -14.7 13.0 -14.S 13.8 -14.7 13.0 V 
Saturation voltage V-pO .. 4.SV, V-. - 0 

VOL VIN"-6mV,lsINK"8mA 0.23 0.4 0.23 0.4 V 

10H Output leakage current VIN .. SmV, VOUT - 3SV 0.1 O.S p.A 

Isc Positive supply current TA = 2S'0 5.1 6.0 5.1 7.S mA 
Negative supply voltage TA - 2S'0 4.1 S.O 4.1 S.O mA 

NOTES: 
1. This rating applies for ± 15V supplies. The positive input voltage limH Is 30V above the nagatlve supply. The negative input voltage limit is equal to 

the negative supply voltage or 30V below the posHive supply, whichever is less. 
2. These specHlcations apply for Vs - ± 15V and 0'0 < TA < 70'C unless oth9IWsie apeclfied. WHh the LM211, however, all temperature specHications ana 

limited to -25'C"'TA"'S5'C and for the LM111 is limited to -55'C<TA<125'O. The offset voltage, offset current, and bias current specHlcations 
apply for any supply voltage from a single 5V supply up to ± 15V supplies. 

3. The offset voltages and offset currents given are the maximum values required to drive the output within a volt of eHher supply with 1 mA load. ThUs, 
these parameters define an error band and take Into account the worst case effecIs of voltage galn and input impedance. 

4. The response time specHled is for a l00mV Input step with 5mV overdrive. 
5. Do not short the strobe pin to ground; it should be current driven at 3mA to 5mA. 

TYPICAL APPLICATIONS 

INPUT 
TOMas 

RI 
4.SK 

LOGIC R2 
lK 

MAGNETIC 
'ICKUP 

* Values shown are for a 0 to 30V logic swing and a 15V threshold. 
t May bo added 10 control speed and reduce susceptibility 10 noise spikes. 

R3 
2K 

Zero-Croselng Detector 
Driving MOS Logic 

Detector for Magnetic 
Tranaducer 
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v'" 5V 

TTL 
OUTPUT 

TCI3210S 

INPUT 

R3 
Rl 12K 

240K 

Cl 

TTL Interface With High 
Level logic 

Y+.sv 

RS 
lK 

TO TTL 
LOGIC 

TC13U1S 
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DESCRIPTION 
The LM119 series are precIsion high
speed dual comparators fabricated on a 
single monolithic chip. They are de
signed to operate over a wide range of 
supply voltages down to a single 5V 
logic supply and ground. Further, they 
have higher gain and lower input cur
rents than devices like the JJA710. The 
uncommitted collector of the output 
stage makes the LM 119 compatible with 
RTL, DTL, and TTL as well as capable of 
driving lamps and relays at currents up 
to 25mA. 

Although designed primarily for applica
tions requiring operation from digital log
ic supplies, the LM119 series are fully 
specified for power supplies up to ± 15V. 
It features faster response than the 
LM111 at the expense of higher power 
dissipation. However, the high-speed, 
wide operating voltage range and low 

EQUIVALENT SCHEMATIC 

'2 .. R34k 

rcr-~-c 
INPUTS~ 

L 

November 14, 1986 

LM119 /219 /319 
Dual Voltage Comparator 
Product Specification 

package count make the LM119 much 
more versatile than older devices like 
the J.lA711. 

The LM119 is specified from -55'C to 
+ 125'C, the LM219 is specified from 
-25'C to + 85'C, and the LM319 is 
specified from O'C to + 70'C. 

FEATURES 
• Two independent comparators 
• Operates from a single 5V supply 
• Typically 80ns response time at 

± 15V 

• Minimum fanout of 3 (each side) 
• Maximum input current of 1J.LA 

over temperature 

• Inputs and outputs can be 
isolated from system ground 

• High common-mode slew rate 
• MIL·STD·883A, B, C available 

f--+--t.:."" 
..... ----+-c 0, 

RS3k 

RS 2k 

C, 
18pF 

'" '" 

5·257 

PIN CONFIGURATION 

D, F, N Packages 

TOPV'EW 

:t-+--t-"""1.....o0UTPUT 

GNO 

853-0928 86554 
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Dual Voltage Comparator 

ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

14-Pin Cerdip -55·C to + 125·C LMl19F 

14-Pin Cerdip -25·C to + 85·C LM219F 

14-Pin Plastic SO o to +70·C LM319D 

14-Pin Cerdip o to +70·C LM319F 

14-Pin Plastic DIP o to +70·C LM319N 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Vs Total supply voltage 36 V 

Output to negative supply voltage 36 V 

Ground to negative supply voltage 25 V 

Ground to positive supply voltage 18 V 

Differential input voltage ±5 V 

VIN Input voltage 1 ±15 V 

Maximum power dissipation, T A = 25·C 
(still-air)2 

F package 1190 mW 
N package 1420 mW 
D package 1040 mW 

Output short-circuit duration 10 s 

TA Operating temperature range 
LMl19 -55 to +125 ·C 
LM219 -25 to +85 ·C 
LM319 o to +70 ·C 

TSTG Storage temperature range -65 to +150 ·C 

TSOLD Lead soldering temperature (10sec max) 300 ·C 

NOTES: 
1. For supply voltages less than ± 15V, the absolute maximum rating is equal to the supply voltage. 
2. Derate above 25·C, at the following rates: 

F package at 9.5mW rc 
N package at II.4mW rc 
D package at 8.3mW rc 
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Product Specification 
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Dual Voltage Comparator lM119 /219 /319 

DC ELECTRICAL CHARACTERISTICS Vs=±15V, for LM119, -55°C<TA<125°C 1 
'. LM219, _25°C <TA <85°C unless otherwise specified. 

LM319, O°C < TA < 70°C 

LM119/219 LM319 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Vos Input offset voltage 1. 2 Rs <5kn, TA - 25°C 0.7 4.0 2.0 8.0 mV 
Over temp. 7 10 mV 

los Input offset current I, 2 TA = 25°C 30 75 80 200 nA 
Over temp. 100 300 nA 

Is Input bias current 1 TA = 25°C 1S0 SOO 2S0 1000 nA 
Over temp. 1000 1200 nA 

Av Voltage gain TA = 2SoC 10 40 8 40 V/mV 

VOL Saturation voltage VIN <-SmV, lOUT = 2SmA, TA = 2SoC 0.7S 1.S V 
VIN < -1 OmV, lOUT = 2SmA, 0.75 1.S V 

TA = 25°C 
V+ :>4.5V, V- = 0 

VIN < -6mV, lOUT = 3.2mA 
TA:>O°C 0.23 0.4 V 
TA <O°C 0.6 

VIN < -1 OmV, lOUT = 3.2mA 0.3 0.4 V 

IOH Output leakage current V- - OV, VIN:> SmV 
VOUT = 35V, TA = 25°C 0.2 2 /lA 

Over temp. 1 10 /lA 
V- - OV, VIN :>10mV 

VOUT = 35V, TA = 25°C 0.2 10 /lA 

VIN Input voltage range Vs=±15V ±13 ±13 V 
V+ = 5V, V- - OV 1 3 1 3 V 

VIO Differential input voltage ±S ±S V 

1+ Positive supply current V+ = 5V, V- = OV, TA = 2SoC 4.3 4.3 rnA 

1+ Positive supply current Vs=±15V, TA=2SoC 8.0 11.S 8.0 12.5 rnA 

1- Negative supply current Vs=±15V, TA=25°C 3.0 4.S 3.0 S.O rnA 

NOTES: 
1. Vos. los and Ie specifications apply for a supply voltage range of Vs = ± ISV down to a single SV supply. 
2. The offset voltages and offset currents given are the maximum values required to drive the output to within 1V of either supply with almA load. Thus these 

parametera define an error band and take into aocaunt the worst case effects of voltage gain and input impedance. 

AC ELECTRICAL CHARACTERISTICS 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

If! Response time 1 Vs = ± 1SV, TA = 2SoC 
80 ns RL = 500.0 (see test figure) 

NOTE: 
1. The response time specffied is for a 100mV step with SmV overdrive. 
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Dual Voltage Comparator 

TEST CIRCUIT 
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LM119/219/319 
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I" 

Dual Voltage Comparator 

TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 
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Signetics Unear Products Product Specification 

Dual Voltage Comparator LM119/219/319 

TYPICAL APPLICATIONS 

r-------~r--------T--_r~~,~+ 

1/ 
INPUTS 

30V 2.7k lN914 
lN914 

1k 

Relay Driver +5V 

7.5M 

3k 500 

2N2222 

o>-'-+--+.+-....... _SQUARE WAVE OUTPUT 
t-------....:.jy lkH.to lMHo 

BV t-------------+--r---+---- TRIANGLE WAVE OUTPUT 

TTL 

lk lN914 

-SV 

NOTE: 
Frequency adjust must be buffered for RL <;; 10n 

Window Detector Wide Range Variable Oscillator 

NOTES: 
VOUT - 5V for VLT < VIN < VUT 
VOUT = OV for VIN < VLT or VIN > VUT 
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DESCRIPTION 
The LM139 series consists of four inde
pendent precision voltage comparators, 
with an offset voltage specification as 
low as 2.0mV max for each comparator, 
which were designed specifically to op
erate from a single power supply over a 
wide range of voltages. Operation from 
split power supplies is also possible and 
the low power supply current drain is 
independent of the magnitude of the 
power supply voltage. These compara
tors also have a unique characteristic in 
that the input common-mode voltage 
range includes ground, even though they 
are operated from a single power supply 
voltage. 

The LM139 series was designed to di
rectly interface with TIL and CMOS. 
When operated from both plus and mi
nus power supplies, the LM139 series 
will directly interface with MOS logic 
where their low power drain is a distinct 
advantage over standard comparators. 

EQUIVALENT CIRCUIT 

November 14, 1986 

LM139A/239A/339A/ 
LM139 /239 /339 / 
LM2901/MC3302 
Quad Voltage Comparator 
Product Specification 

FEATURES 
• Wide single supply voltage range 

2.0VDC to 36VDC or dual supplies 
± 1.0VDC to ± 18Voc 

• Very low supply current drain 
(O.8mA) independent of supply 
voltage (1.0mW/comparator at 
5.0Voc) 

• Low input biasing current 25nA 
• Low input offset current ± 5nA 

and offset voltage 

• Input common-mode voltage 
range includes ground 

• Differential Input voltage range 
equal to the power supply 
voltage 

• Low output 250mV at 4mA 
saturation voltage 

• Output voltage compatible with 
TTL, DTL, ECL, MaS and CMOS 
logic systems 

APPLICATIONS 

• AID converters 
• Wide range VCO 
• MaS clock generator 
• High voltage logic gate 

• Multivlbrators 

y+ 

(1 Comparator Only) 

5-263 

PIN CONFIGURATION 

D, F, N Packages 

TOP VEW 

853-0930 86554 
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Signetics Linear Products Product Specification 

Quad Voltage Comparator LM 139A/239A/339A/LM139 /239 /339 / 
LM2901/MC3302 

ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE 

14-Pin Cerdip o to +125·C 

14-Pin Cerdip o to +125·C 

14-Pin Plastic DIP -25·C to + 85·C 

14-Pin Plastic DIP -25·C to +85·C 

14-Pin Cerdip -25·C to +85·C 

14-Pin, Cerdip -40·C to +85·C 

14-Pin Plastic DIP -40·C to +85·C 

14-Pin Plastic DIP o to+70·C 

14-Pin Plastic SO o to +70·C 

14-Pin Plastic DIP o to +70·C 

14-Pin Cerdip o to +70·C 

14-Pin Cerdip o to +70·C 

14-Pin Plastic SO -40·C to + 85·C 

14-Pin Cerdip -40·C to +85·C 

14-Pin Plastic DIP -40·C to + 85·C 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Vee Vee supply voltage 

VOIFF Differential input voltage 

VIN Input voltage 

Po 
Maximum power dissipation, T A = 25·C 
(still-air)1 

F package 
N package 
D package 

Output short-circuit to ground2 

liN Input current (VIN < -0.3VOC)3 

TA Operating temperature range 
LM139A 
LM239A 
LM339A 
LM2901/MC3302 

TSTG Storage temperature range 

TSOlO Lead soldering temperature (10sec max) 

NOTE: 
1. Derate above 25·C, at the following rates: 

F Package at 9.5mW I'C 
N Package at 11.4mW I'C 
D Package at 8.3mW I'C 

ORDER CODE 

LM139AF 

LM139F 

LM239AN 

LM239N 

LM239F 

LM2901F 

LM2901N 

LM339AN 

LM339D 

LM339N 

LM339AF 

LM339F 

MC3302D 

MC3302F 

MC3302N 

RATING UNIT 

36 or ±18 Voc 

36 Voc 

-0.3 to +36 Voc 

1190 mW 
1420 mW 
1040 mW 

Continuous 

50 rnA 

-55 to +125 ·C 
-25 to +85 ·C 
o to +70 ·C 

-40 to +85 ·C 

-65 to +150 ·C 

300 ·C 

2. Short circuits from the output to V+ can cause excessive heating and eventual destruction. The maximum 
output cUlTent is aproximately 20mA independent of the magnitude of V+. 

3. This Input current will only exist when the voltage at any of the input leads Is driven negative. It is due to the 
collector-base junction of the input PNP transistors becoming forward biased and thereby acting as Input 
diode clamps. In addition to this diode action, there Is also lateral NPN paras"ic transistor action on the IC 
chip. This transistor action can cause the output voltages of the comparators to go to the V+ voltage level 
(or to ground for a large overdrive) for the time duration that an input is driven negative. This Is not 
destructive and nOrmal output states will reestablish when the input voltage, which was negative, again 
returns to a value greater than -O.3Vec. 
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Quad Voltage Comparator LM 139A/239A/339A/LM 139/239/339/ 
LM2901/MC3302 

DC AND AC ELECTRICAL CHARACTERISTICS v+ =5Voc, LM139A/LM139: -55·C<;TA<;125·C, unless otherwise 
specified. 

SYMBOL PARAMETER 

Vos Input offset voltage 

VCM 
Input common-mode voltage 
range6 

V,DA Differential input voltage4 

IBIAS Input bias current1 

los Input offset current 

IOl Output sink current 

IOH Output leakage current 

Icc Supply current 

Av Voltage gain 

Val Saturation voltage 

tLSA Large-signal response time 

tA Response times 

See notes on page 6, 

November 14, 1986 

LM239: -25·C <; TA <; 85·C, unless otherwise specified. 
LM339: O·C <; T A <; 70·C, unless otherwise specified. 

V + = 5Vee, LM339A: O·C <; T A <; 70·C, unless otherwise specified. 

TEST CONDITIONS 

TA = 25·C 
Over temp. 

TA = 25·C 
Over temp. 

Keep all 
Y,N. ;;'OVoc 

(or V- if need) 

I'N(+) or I,N(-) with output in 
linear range 
TA = 25·C 
Over temp. 

I'N(+) -I,N(_) 
TA = 25·C 
Over temp. 

V'N(-);;' Woc, V,N(+) = 0, 
Va <; 1.5Voc, 

TA = 25·C 
Vo=800mV, 
over temp. 

V'N(+) ;;'Wee, V'N(-) = 0 
Vo= 5Voc, 
TA = 25·C 

Va = 30Vee, 
over temp. 

V+ = 28V, Rl = co 

on comparators, 
TA = 25·C 
V+ =30V 

RL;;'15kn, 
V+ = 15Vee 

V,N(_) ;;. Wee, V'N(+) = 0, 
ISINK<;4mA 
TA = 25·C 
Over temp. 

Y,N = TTL logic swing, 
VAEF = l.4Voc, VAL = 5Voc, 

Rl = 5.1kn, TA = 25·C 

VAL = 5Vee, Rl = 5.1kn, 
TA = 25·C 

5-265 

LM239A: -25·C <; T A <; 85·C, unless otherwise specified. 
LM2901/LM3302: -40·C <; T A <; 85·C, unless otherwise 
specified. 

LM139A LM239A/339A 
UNIT 

Min Typ Max Min Typ Max 

±1.0 ±2.0 ±1.0 ±2.0 mV 
4.0 

0 V+-l.5 0 V+-l.5 V 
0 V+-2.0 0 V+-2.0 

V+ V+ V 

25 100 25 250 
300 400 nA 

±3.0 ±25 ±5.0 ±50 nA 
± 100 ±150 nA 

6.0 16 6.0 16 mA 

0.1 0.1 nA 

1.0 1.0 JJA 

0.8 2.0 0.8 2.0 rnA 

50 200 50 200 V/mV 

250 400 250 400 mV 
700 700 

300 300 ns 

1.3 1.3 jlS 

I 
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Quad Voltage Comparator lM139A/239A/339A/lM139 /239 /339 / 
lM2901/MC3302 

DC AND AC ELECTRICAL CHARACTERISTICS v+ -5Voc. LM139A1LM139: -55·C"TA"12S·C. unless otherwise 
" specified.' 

SYMBOL PARAMETER 

Vos Input offset voltage 

VCM 
Input common-mode voltage 
rangaS 

VIOR Differential Input voltage4 

IBIAS Input bias current? 

ios Input offset current 

10l Output sink current 

IOH Output leakage current 

Icc Supply current 

Av Voltage gain .' 

VOL Saturation voltaga 

tLSR Large-signal response time 

tR Response times 

See notes on page 6. 

November 14, 1986 

LM239: -25·C" T A" 85·C. unless otherwise specified. 
LM339: O·C" TA "70·C unless otherwise specified. 

V + = 5Voc. LM339A: O·C" T A "70·C, unless otherwise specified 
LM239A: -25·C" T A" 85·C, unless otherWise specified. 
LM2901/LM3302: -4O·C" T A" 85·C, unless otherwiSe 
specified. 

LM139 LM239/339 
TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

TA = 25·C ±2.0 ±5.0 ±2.0 ±5.0 mV 
Over temp. 9.0 9.0 

TA - 25·C 0 V+-l.5 0 V+-l.5 V 
Over temp. 0 V+-2.0 0 V+-2.0 

Keep all 
VINs';;;'OVOC V+ V+ V 

(or V- if need) 

IIN(+) or IIN(-) With output in 
linear range 
TA = 25·C 25 100 25 250 
Over temp. 300 400 nA 

IIN(+)-IINt) 
TA - 25· ±3.0 ±25 ±5.0 ±50 nA 
Over temp. ±100 ±150 nA 

VINH ;;;'1Voc, VIN(t) = 0, 
Vo"1.5Voc, 

TA = 25·C 6.0 16 6.0 16 rnA 
Vo=800mV, 
over temp. 

VIN(+) ;;;'lVoc, VIN(-) - 0 
Vo- 5Voc, 
TA - 25·C 0.1 0.1 nA 

Vo=30Voc, 
over temp. 1.0 1.0 /IA 

V+ = 28V; RL = co 

on comparators, 
TA = 25·C 0.8 2.0 0.8 2.0 rnA 
V+ =30V 

RL;;;'15kO, 50 200 50 200 VlmV 
V+ = 15Voc 

VIN(_) ;;;'1VOC, VIN(+) = 0, 
ISINK"4mA 
TA = 25·C 250 400 250 400 mV 
Over temp. 700 700 

VIN ~ TTL logic sWing, 
VREF - l.4Voc, VRL = 5Voc, 300 300 ns 

RL-5.1kO, TA-25~C 

VRL = 5VOC' RL = 5.1kO, 1.3 1.3 jJS 
Til = 25·C 
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Quad Voltage Comparator LM 139A/239A/339A/LM 139/239/339/ 
LM2901/MC3302 

DC AND AC ELECTRICAL CHARACTERISTICS v + = 5Voe, LMI39A/LMI39: -55·C';;; TA';;; 125·C, unless otherwise 
specified. 

SYMBOL PARAMETER 

Vos Input offset voltage 

VCM 
Input common-mode voltage 
rangeS 

VIOR Differential input voltage4 

IBIAS Input bias current? 

los Input offset current 

10L Output sink current 

10H Output leakage current 

Icc Supply current 

Av Voltage gain 

VOL Saturation voltage 

tLSR Large-signal response time 

tR Response timeS 

See notes on following page. 

November 14, 1988 

LM239: -25·C';;; T A .;;; 85·C, unless otherwise specified. 
LM339: O·C';;; T A';;; 70·C unless otherwise specified. 

V + = 5Voc, LM339A: O·C';;; T A .;;; 70·C, unless otherwise specified 
LM239A: -25·C';;; T A .;;; 85·C, unless otherwise specified. 
LM2901/LM3302: -40·C';;; T A .;;; 85·C, unless otherwise 
specified. 

LM2901 MC3302 
TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

TA = 25·C ±2.0 ±7.0 ±3.0 ±2.0 mV 
Over temp. ±9 ±15 ±40 

TA = 25·C 0 V+-l.5 0 V+-l.5 
V 

Over temp. 0 V+-2.0 0 V+-2.0 

Keep all 
VINs;;'OVoe V+ V+ V 

(or V- if need) 

IIN(+) or IIN(-) with output in 
linear range 
TA = 25·C 25 250 25 500 
Over temp. 200 500 1000 nA 

iIN(+) -IIN(-) 
TA = 25·C ±5 ±50 ±5 ±100 nA 
Over temp. ±50 ±200 ±300 nA 

VIN(_) ;;'tvoc, VIN(+) = 0, 
Vo';;;I.5Voe, 

6.0 16 6 rnA 

TA = 25·C 
Vo=800mV, 
over temp. 2.0 

VIN(+) ;;. tvoe, VINH = 0 
Vo= 5Voe, 
TA - 25·C 0.1 0.1 nA 

Vo=30Voe, 
over temp. 1.0 1.0 pA 

V+ = 28V, RL = co .8 1.8 
on comparators, 

TA = 25·C 0.8 2.0 rnA 
V+ =30V 1.0 2.5 

RL;;'15kn, 25 100 2 100 V/mV 
V+ = 15Voc 

VIN(_) ;;'tvoc, VIN(+) = 0, 
ISINK';;;4mA 
TA = 25·C 400 150 400 mV 
Over temp. 400 700 700 

VIN = TTL logic swing, 
VREF = 1.4Voe, VRL = 5Voe, 300 300 ns 

RL = 5.1kn, TA = 25·C 

VRL - 5Voe, RL = 5.1kn, 1.3 1.3 lIS TA = 25·C 
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Quad Voltage Comparator 

NOTES: 

Product Specification 

LM 139A/239A/339A/LM 139/239/339/ 
LM2901/MC3302 

I. For operating at high temperatures, the LM339/339A, LM2901 and MC3302 must be derated based on a 12S'C maximum Junction temperature and a thermal 
resistance of 17S'C/W which applies for the device soldered in a printed circun board, operating in a still air ambient. The LMI39/139A1239/239A must be 
dereted on a IS0'C maximum Junction temperature. The low power dissipatlcn and the "O"..Off' characteristics of the outputs keep the chip dissipation very small 
(Po" 1 OOmW), provided the output transistors are allowed to saturate. 

2. Short circuits from the output to V+ can cause excessive heating and eventual destructlcn. The maximum output current is approximately 20mA independent of the 
megnnude of V+. 

3. This Input current will only axisl when the voltage at any 01 the Input leads Is drlven negative. It is due to the collector-bese junction of the input PNP transistors 
becoming lotWard biased and therebY acting as input diode clamps. In add"ion to this diode action, there is also lateral NPN parasitic transistor action on the IC 
Chip. This transistor action can cause the output voltages 01 the comparators to go to the V+ voltage level (or to ground for a large overdrive) for the time duration 
that an input Is driven negative. This Is not destructive and "normal output states will reestablish when the input voltage, which was negative, again returns to a value 
greater than -O.3Voc. 

4. Posnive excursions of Input vo~ge may exceed the power supply level by 17V. As long as the other vo~ge remains within the common-mode range, the 
comparator will provide a proper output state. The low input voltage state must not be less than -O.3Voc (or O.3Voc below the magnttude of the negative power 
supply, il used). 

- S. At output swnch point, Vo '" I.4Voc, Rs = on with V+ from 5Voc to 30Voc; and over the lull Input common-mode range (OVoc to V+ - I.SVoc). 
6. The input common-mode voltage or either input signal voitage should not be allowed to go negative by more than O.3V. The upper end 01 the common-mode 

voltage range is V+ - 1.5V, but either or both inputs can go to 30Voc without damage. 
7. The direction 01 the Input currerrl is out of the IC due to the PNP input stage. This current is essentially constant, independent 01 the state 01 the output so no 

loading change exists on the reierence or input lines. 
8. The response time specijiad is lor a 100mV input step wnh a SmV overdrive. For larger overdrive Signals, 300ns can be obtained (see typical performance 

characteristics section). " 
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Quad Voltage Comparator 

TYPICAL APPLICATIONS 

+yc 
FREQUENCY 

CONTROL 
VOLTAGE 

INPUT 

y+ 

Product Specification 

LM 139A/239A/339A/LM 139/239/339/ 
LM2901/MC3302 

v+ (12VOC) 

OUTPUT 1 

L---------__________ -+--o OUTPUT 2 

NY 

NOTES: 
V+ = +30Voc 
+ 250m Voc ~ Vc + 50Voc 
700Hz":;;: fa < 1 OOkHz 

YO 

Two-Decade High-Frequency VCO 

+svoc 

Visible Voltage Indicator 

NOTE: 
Inputs of unused comparators should be grounded. 
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Limit Comparator 

. SYoc 

TTL-to-MOS Logic converte;"""" 

Y· 

":" f = 100kHz 

y. 
fUl... o 
Yo 

TC1331C1S 

Crystal-Controlled Oscillator 

I 



Signetlcs. Unear Products 

Quad Voltage Comparator 

Product Specification 

LM139A/239A/339A/LM139 /239 /339 / 
LM2901/MC3302 

TYPICAL PERFORMANCE CHARACTERISTICS 
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Output Saturation Voltage 
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Linear Products 

DESCRIPTION 
The LM193 series consists of two inde
pendent precision voltage comparators 
with an offset voltage specification as 
low as 2.0mV max. for two comparators 
which were deSigned specifically to op
erate from a single power supply over a 
wide range of voltages. Operation from 
split power supplies is also possible and 
the low power supply current drain is 
independent of the magnitude of the 
power supply voltage. These compara
tors also have a unique characteristic in 
that the input common-mode voltage 
range includes ground, even though op
erated from a single power supply volt
age. 

The LM193 series was designed to di
rectly interface with TTL and CMOS. 
When operated from both plus and mi
nus power supplies, the LM193 series 
will directly interface with MOS logiC 
where their low power drain is a distinct 
advantage over standard comparators. 

EQUIVALENT CIRCUIT 

November 14, 1986 

LM193/A/293/A/393/A/ 
2903 
Low Power Dual Voltage 
Comparator 
Product Specification 

FEATURES 
• Wide single supply voltage range 

2.0Voc to 36Voc or dual supplies 
± 1.0Voc, to ± 18Voc 

• Very low supply current drain 
(O.8mA) independent of supply 
voltage (2.0mW/comparator at 
5.0Voc) 

• Low input biasing current 25nA 

• Low input offset current ± 5nA 
and offset voltage ± 2mV 

• Input common·mode voltage 
range Includes ground 

• Differential input voltage range 
equal to the power supply 
voltage 

• Low output 250mV at 4mA 
saturation voltage 

• Output voltage compatible with 
TTL, DTL, ECL, MOS and CMOS 
logic systems 

APPLICATIONS 

• AID converters 
• Wide range VCO 
• MOS clock generator 
• High voltage logic gate 
• Multivibrators 

(One Comparator Only) 

5·271 

PIN CONFIGURATION 

D, N, FE Packages 

OUTPUTAm' Y' I~~::'~ 2 1 OUTPUT 8 

NON-INVERTING + + - INVERTINQ 
INPUT A 3 6 INPUT I 

GND 4 5 ~~':riNIVERTING 

TOPYIEW 

853·0932 86554 

I 



Signetics Linear Products Product Specification 

Low Power Dual Voltage Comparator LM 193/ A/293 / A/393/ A/2903 

ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

8-Pin Cerdip -55°C to + 125°C LM193AF 

8-Pin Cerdip -55°C to +125°C LM193FE 

8-Pin Cerdip _25°C to + 85°C LM293AFE 

8-Pin Cerdip - 25°C to + 85°C LM293FE 

8-Pin Plastic DIP _25°C to +85°C LM293N 

8-Pin Plastic DIP -25°C to +85°C LM293AN 

8-Pin Cerdip o to +70°C LM393AFE 

8-Pin Cerdip o to +70°C LM393FE 

8-Pin Plastic SO o to +70°C LM393D 

8-Pin Plastic DIP o to +70°C LM393N 

8-Pin Plastic DIP o to +70°C LM393AN 

8-Pin Plastic DIP -40°C to +85°C LM2903N 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Vee Supply voltage 36 or ±18 Voe 

Differential input voltage 36 Voe 

VIN Input voltage -0.3 to +36 Voc 

Po Maximum power dissipation, 
TA = 25°C (still-air)4 

F package 780 mW 
N package 1160 mW 
D package 780 mW 

Output short-circuit to ground2 Continuous 

liN Input current (VIN < -0.3Vod3 50 mA 

TA Operating temperature range 
LM193/193A -55 to +125 °C 
LM293/293A -25 to +85 °C 
LM393/393A o to +70 °C 
LM2903 -40 to +85 °C 

TSTG Storage temperature range -65 to +150 °C 

TSOLO Lead solderin~ temperature 
(1 Osec max) 1, .3 

300 °C 

NOTES: 
1. For operating at high temperatures, the LM393/393A and LM2903 must be derated based on a 125°C 

maximum junction temperature and a thermal resistance of 175°C/W which applies for the device 
soldered in a printed circuit board, operating in a still air ambient. The LM193/193A1293/293A must be 
derated based on a 150°C maximum junction temperature. The low bias dissipation and the "On-Off" 
characteristics of the outputs keeps the chip dissipation very small (PD';; 100mW), provided the output 
transistors are allowed to saturate. 

2. Short circuits from the output to V + can cause excessive heating and eventual destruction. The maximum 
output current is approximately 20mA independent of the magnitude of V+. 

3. This input current will only exist when the voltage at any of the input leads is driven negative. It is due to 
the collector~base junction of the input PNP transistors becoming forward biased and thereby acting as 
input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on 
the IC Chip. This transistor action can cause the output voltages of the comparators to go to the V+ 
voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This 
is not destructive and normal output states will re~establish when the input voltage, which was negative, 
again returns to a value greater than -O.3Voc. 

4. Derate above 25°C, at the following rates: 
F package at 6.2mW/oC 
N package at 9.3mWrC 
o package at 6.2mW/'C 
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Signetics Unear Products Product Specification 

Low Power Dual Voltage Comparator LM193/A/293/A/393/A/2903 

DC AND AC ELECTRICAL CHARACTERISTICS V+ m5Voc, LM193/193A: -55·C";;TA";;+125·C, unless otherwise 
specified. 

SYMBOL PARAMETER TEST CONDITIONS 
Min 

Vos 
Input offset TA = 25·C 
voltaga2 Over temp. 

Input common-
TA = 25·C 0 

VCM mode voltage 
rangeS, 7 Over temp. 0 

VIDA 
Differential input Keep all VINS ;;. OVoc 
voltage1 (or V- if need) 

IIN(+) or IINH with output 

ISlAS Input bias current5 in linear range 
TA - 25·C 
Over temp. 

IIN(+) -IIN(_) 
los Input offset current TA = 25·C 

Over temp. 

VINH ;;' lVOC, VIN(+) - 0, 
IOL Output sink current Vo";; 1.5Voe 6.0 

TA = 25·C 

VIN(+) ;;'Woe, VIN(_) = 0 

IOH 
Output leakage Vo=30Voe 
current Over temp. 

Vo = 5Voc, TA m 25·C 

RL = 00 on both 

Icc Supply current 
comparators. 

TA = 25·C 
V+ = 30V, over temp. 

Av Voltage gain 
RL;;' 15kn, V+ = 15Voc, 

50 
TA = 25·C 

VINH ;;'lVoe, VIN(+) = 0, 

VOL saturation voltage 
ISINK";;4mA 
TA = 25·C 

Over temp. 

VIN = TTL logic swing, 

tLSR 
Large-signal VREF = 1.4Voe 
response time VRL - 5VOC, RL - 5.1 kn, 

TA - 25·C 

IR Response time6 VRL = 5Voc, RL = 5.1kn 
TA'; 25·C 

November 14, 1986 

LM293/293A: -25·C";; T A";; + 85·C, unless otherwise 
specified. 
LM393/393A: O·C";; T A ..;; + 70·C, unless otherwise specified. 
LM2903: -40·C";; T A";; + 85·C, unless otherwise specified.4 

LM193A LM293A/393A LM2903 
UNIT 

Typ Max Min Typ Max Min Typ Max 

±1.0 ±2.0 ±1.0 ±2.0 ±2.0 ±7.0 mV 
±4.0 ±4.0 ±9 ±15 

V+-l.5 0 V+-l.5 0 V+-l.5 V 
V+-2.0 0 V+-2.0 0 V+-2.0 

V+ V+ V+ V 

25 100 25 250 25 250 
300 400 200 500 nA 

±3.0 ±25 ±5.0 ±50 ±5 ±50 nA 
±100 ±150 ±50 ±200 nA 

16 6.0 16 6.0 16 rnA 

1.0 1.0 1.0 nA 
0.1 0.1 0.1 p.A 

0.6 1 0.8 1 0.8 1 rnA 
1 2.5 1 2.5 1 2.5 

200 50 200 25 100 
VI 
mV 

250 400 250 400 400 400 mV 
700 700 700 

300 300 300 ns 

1.3 1.3 1.3 j.tS 

5-273 

I 



Signetics Linear Products Product Specification 

Low Power Dual Voltage Comparator LM193/A/293/A/393/A/2903 

DC ELECTRICAL CHARACTERISTICS 
(Continued) 

V+ = 5Voc, LM193/193A: -55'C ";TA"; + 125'C, unless otherwise specified. 
LM293/293A: -25'C"; TA"; +85'C, unless otherwise specified. 
LM393/393A: O'C"; T A ..; + 70'C, unless otherwise specified. 
LM2903: -40'C"; T A:';; + 85'C, unless otherwise specified? 

LM193 LM293/393 
SYMBOL PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 

Vas I nput offset voltage2 TA = 25'C ±2.0 ±5.0 ±2.0 ±5.0 
Over temp. ±9.0 ±9.0 

VCM 
Input common·mode TA = 25'C 0 V±-1.5 0 V±-1.5 
voltage range3• 7 Over temp. 0 V±-2.0 0 V±-2.0 

VI DR 
Differential input Keep all VINS ;;> OVOC 

V+ V+ 
voltage1 (or V-if need) 

IIN(+) or IIN(-) with output 

ISlAS Input bias currentS 
in linear range 

TA = 25'C 25 100 25 250 
Over temp. 300 400 

IIN(+) -IIN(_) 
los Input offset current TA =25'C ±3.0 ±25 ±5.0 ±50 

Over temp. ±100 ±150 

VIN(-) ;;>1Voc, VIN(+) = 0, 
10L Output sink current Vo"; 1.5Voc 6.0 16 6.0 16 

TA = 25'C 

VIN(+) ;;>1VOC, VIN(-) = 0, 

10H Output leakage current Vo = 5VDC 
TA = 25'C 0.1 0.1 

Vo = 30VDC over temp. 1.0 1.0 

RL = 00 on both comparators 
Icc Supply current TA = 25'C 0.8 1 0.8 1 

V+ = 30V, over temp. 2.5 2.5 

Av Voltage gain RL ;;>15kn, V+ = 15Voc 50 200 50 200 

VIN(-) ;;>1Voc, VIN(+) = 0, 

VOL Saturation voltage ISINK";4mA 
TA = 25'C 250 400 250 400 
Over temp. 700 700 

VIN = TTL logic swing, 

tLSR 
Large signal VREF = 1.4Voc, VRL = 5VOC 300 300 response time RL =5.1kn, 

TA = 25'C 

VRL = 5VOC, 
tR Response time6 RL =5.1kn 1.3 1.3 

TA = 25'C 

NOTES: 

UNIT 

mV 

V 

V 

nA 

mA 

nA 
IJ.A 

mA 

V/mV 

mV 

ns 

IJ.S 

1. Positive excursions of input voltage may exceed the power supply level by 17V. As long as the other voltage remains within the common-mode range, the 
comparator will provide a proper output state. The low input voltage state must not be less than -0.3Voc (Voc below the magnitude of the negative power supply, 
if used). 

2. At output switch point, Vo ~ l.4VDC, Rs = on with V+ from SVDC to 30Voc and over the full input common-mode range (OVDC to V+ -1.SVoc). 
3. The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than O.3V. The upper end of the common-mode 

voltage range is V+ - 1.SV, but either or both inputs can go to 30VDC without damage. 
4. With LM293/293A, all temperature specifications are limited to -2S'C';;TA';;+8S'C and the LM393/393A, all temperature specifications are limited to 

O'C .;; T A .;; + 70'C. The LM2903 is limited to -40'C';; T A';; 8S'C. 
5. The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of the output so no 

loading change exists on the reference or input lines. 
6. The response time specified is for a 100mV input step with a 5mV overdrive. 
7. For input signals that exceed Vcc, only the overdriven comparator is affected. With a 5V supply, VIN should be limited to 2SV maximum, and a limiting resistor 

should be used on all inputs that might exceed the positive supply. 
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Low Power Dual Voltage Comparator 

TYPICAL APPLICATIONS 

3.0kO 

JLI" 
OUTPUT 1 

+vc 
FREQUENCY 

CONTROL 
VOLTAGE 

INPUT '-________ +-o()OU~ 2 

V+ -= +30VCC 

+ 25mVOCsVCs +SOVOC 

7OOHz.sfo .s 100kHz 

Two-Decade High-Frequency VCO 

+svoc 

380 

"'" .. "" 
Visible Voltage Indicator 

NOTE: 
All pins of any unused comparators should be grounded. 
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LM 193/ A/293 / A/393 / A/2903 

Limit Comparator 

+ 5Voc 

I 
TTL-to-MOS Logic Converter 

v+ 

2OOkO 100kU 2.0kO 

2001<0 CRYSTAL 
.". f = 100kHz 

Crystal-Controlled Oscillator 
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Low Power Dual Voltage Comparator 

TYPICAL PERFORMANCE CHARACTERisTICS 

Input Current 
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Product Specification 

LM193/A/293/A/393/A/2903 

Output Saturation Voltage 
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Linear Products 

DESCRIPTION 
The NE/SAlSE5105/A is a precision 
high-speed comparator ideally suited for 
applications requiring ultra-precision and 
speed. A typical application may be in a 
12-bit successive approximation AID 
converter. Input offset voltage is factory 
trimmed to typically 100/lV (0.04 LSB for 
a 12-bit, 10V system); the 36ns re
sponse time (measured at 1.2mV over
drive), low input offset current, and high 
gain remain essentially constant over 
the entire operating temperature range. 
Thus, the same degree of precision and 
speed can be maintained over the speci
fied temperature range. A latch function 
incorporated with the comparator allows 
added flexibility to the system designer. 
A TTL high input at the latch enable pin 
forces the output of the comparator to 
stay at its existing logical state irrespec
tive of subsequent signal transitions at 
the input. 

BLOCK DIAGRAM 

DONO 

Y1 

NE/SA/SE5105/A 
Precision High-Speed 
Comparator With Latch 
Objective Specification 

FEATURES 
• Precision input stage: 

Input offset voltage 100/lV 
Input offset current 3nA 

• Fast response time: 
5mV overdrive 32ns 
1.2mV overdrive 36ns 
(constant over temperature) 

• High voltage gain 26,OOOV IV 
(constant over temperature) 

• Low power dissipation 100mW 
• TTL output capable of driving 10 

TTL gates 

• Latch function with TTL 
compatible Input 

LE 

6 

I 
2ND STAGE 

VOLTAGE 
REFERENCE 

PIN CONFIGURATION 

N, FE, 0 Packages 

DIGITAL GND 1 

7 VOUT 

m-t,e:::""--£iJ ~l~E 
5 NC --...._-,.,-

TOP VIEW 

APPLICATIONS 
• High-speed, high-resolution 

successive approximation AID 
converters 

• Precision zero-crossing detectors 
• Precision latching window 

comparators 
• Fast latching Eel-to-TTl line 

translators 

• Precision signal regenerators 

J 
INPUT STAGE WITH LATCH 

2 

""" +, :> +> 7 

3 - 3RD STAGE AND 

+IN 

-IN 
TTL BUFFER 

BIAS CIRCUIT 

!4 !8 
VEE Vee 
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Precision High-Speed Comparator With Latch 

ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

8-Pin Plastic DIP o to +70·C NE5105AN 

8-Pin Plastic DIP o to +70·C NE5105N 

8-Pin Plastic DIP -40·C to + 85·C SA5105AN 

8-Pin Plastic DIP -40·C to + 85·C SA5105N 

8-Pin Plastic SO o to +70·C NE5105AD 

8-Pin Plastic SO o to +70·C NE5105D 

8-Pin Plastic SO - 40·C to + 85·C SA5105AD 

8-Pin Plastic SO -40·C to + 85·C SA5105D 

8-Pin Cerdip -55·C to + 125·C SE5105AFE 

8-Pin Cerdip -55·C to + 125·C 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Vee Power supply 
VEE Power supply 

Po 
Maximum power dissipation 
T A = 25·C (still-air) 1 

FE package 
Npackage 
D package 

Differential input voltage 

LATCH ENABLE input voltage 

TSTG Storage temperature range 

TA Operating temperature range 
SE5105 (FE package) 
SA5105 (N and D package) 
NE5105 (N and D package) 

Isc Output short-circuit duration 
To ground 
To Vee 

NOTE: 
1. Derate above 25·C, at the following rates: 

FE package at 6.75mwrc. 
N package at 9.3mW rc. 
D package at 6.2mWrC. 

February 1987 

RATING 

+6 
-18 

885 
1160 
780 

±5 

Vee to VEE 

-65 to +150 

-55 to +125 
-40 to +85 
o to +70 

Indefinite 
1 
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SE5105FE 

UNIT 

V 
V 

mW 
mW 
mW 

V 

V 

·C 

·C 
·C 
·C 

Minute 

Objective Specification 

NE/SA/SE5105/A 



SignetlcsUnear Products Objective Specification 

Precision High-Speed Comparator With Latch NE/SA/SE5105/A 

_TO_ 
/' 

10 1- I--Ilk 

':' 

+ 

~ v.( ~ 

~ V 100:1 
DMIIER 

R, lis r- FETPROBE 10 &0 

~ ':' ':' ':' 

TC14O!iOS 
, 

Figure 1. Test Setup for Delay MeHufemant 

TIMING DIAGRAMS 

-va.':: ,;11::,"' __ _ 

VON 
0U1PIIT ----_-------

VOl. 

SYMBOL PARAMETER CONDITIONS 
MINIMUM 

UNIT 
LIMIT 

fa Setup time VIN-100mV 28 
It! Hold time Voo* 5mV 10 ns 
tw Latch pulse width 20 
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Signetics Unear Products 'Objective "Specification 

Precision High-Speed Comparator With Latch NE/SA1SE5105j A 

DC ELECTRICAL CHARACTERISTICS Vee = +5V, VEE - -5V, TA-25°C; VIN ... - VIN-" OV and Latch Enable grounded, 
unless otherwise noted. 

5105A 5105 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Rs - 25n, VCM = OV 100 250 600 
(. 

Ves Input offset voltage 
Rs = 25n, VCM - ±3V 140 400 750 

p.V 

los Input offset current VLATCH-Vee 3 20 40 nA 

18 Input bias current VLATCH= Vcc 400 1200 1400 nA 

Avo Voltage gain 1 18 26 18 26 VlmV 

CMVR Input voltage range ±3 ±3,3 ±3 ±3.3 V 

CMRR Common mode rejection ratio VCM=±3V 66 99 84 dB 

VeelVEE - ± 4.5V to ± 5.5V 78 94 78 dB 
PSRR Power supply rejection ratio Vee-+ 5V and 

VEE--4.5V to -15V 86 104 84 dB 

VOH Output high voltage VIN ;;;'10mV, 10H - 01lA 2.4 2.8 2.4 2.8 V 
VIN ;;;'10mV, 10H a 4OO1lA 2.4 2.6 2.4 2.6 V 

VOL Output low voltage VIN ';;;10mV, 10L - 01lA 0.2 0.4 0.2 0.4 V 
VIN ';;;10mV, 10L - 16mA 0.3 0.4 0.3 0.4 V 

Icc Positive supply current Vo .;;; 0.4V, 10 - 01lA 11 14 16 mA 

lEE Negative supply current Vo .;;; 0.4V, 10 - 01lA 9 12 14 mA 

Po Power dissipation 100 130 150 mW 

VLH Logic 1 st latch Input 2 2 V 
, 

VLL LogiC 0 at latch Input 0.8 0.8 V 

Latch Input current 
ILH Logic 1 VLATCH - 3V ' 4 20 4 20 IlA 
ILL Logic 0 VLATCH - 0.8V 1 5 1 5 IlA 
RIN Differential input resistsnce 1000 1000 Mn 

NOTE: 
t, Guarantoed by design. 
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Precision High-Speed Comparator With Latch NEjSAjSE5105jA 

DC ELECTRICAL CHARACTERISTICS Vcc=+5V, VEE=-5V; -55·C';;TA';;+125·C for SE5105A15105; 
-40·C';;TA';;+85·C for SA5105A15105; and, 0·C';;TA';;+70·C for NE5105AI 
5105. VIN+ = VIN- = OV and Latch Enable grounded, unless otherwise noted. 

5105A 5105 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Vas Input offset voltage 
Rs = 250, VCM = OV 0.25 0.6 1 

mV 
Rs=250, VCM=±3V 0.3 0.75 1.2 

TC Vas Input offset voltage drift VCM=OV 1.5 7.5 10 p.VI"C 

los Input offset current VLATCH-Vee 4 25 60 nA 

Is Input bias current VLATCH -Vee 0.5 1.5 1.8 p.A 

Ava Voltage gain 1 16 23 16 23 V/mV 

CMVR Input voltage range ±3 ±3.2 ±3 ±3.2 V 

CMRR Common mode rejection ratio VCM = ±3V 83 93 80 dB 

VeeIVEE = ± 4.5V to ± 5.5V 75 94 72 dB 
PSRR Power supply rejection ratio Vee = +5V and 

VEE =-4.5V to -15V 75 94 72 dB 

VOH Output high voltage 
VIN ;;'10mV, 10H = 0p.A 2.4 2.4 V 

VIN ;;'10mV, 10H = 320p.A 2.4 2.4 V 

Val Output low voltage2 VIN .;; 10mV, 10l = 9.6mA 0.28 0.4 0.28 0.4 V 
VIN';; 10mV, 10l = 12.8mA 0.35 0.45 0.35 0.45 V 

Icc Positive supply current Va < O.4V, 10 - 0p.A 15 19 22 mA 

lEE Negative supply current VO';;0.4V, 10 = 0p.A 12 17 20 mA 

Po Power dissipation 135 180 210 mW 

VlH Logic 1 at latch input 2 2 V 

Vll Logic 0 at latch input 0.8 0.8 V 

Latch input current 
IlH Logic 1 VLATCH-3V 6 20 6 20 p.A 
III Logic 0 VLATCH = 0.8V 1 10 1 10 p.A 

RIN Differential input resistance 1000 1000 MO 

NOTES: 
1. Guaranteed by design. 
2. VOL=O.45V max at TA":-40'C and IOL=12.8mA. 

AC ELECTRICAL CHARACTERISTICS Vcc = + 5V; VEE = -5V; TA = 25·C and Latch Enable grounded, unless otherwise 
noted. 

5105A/5105 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

tpo+ Input to output high propagation delay 1, 2 
Voo= 1.2mV 36 ns 
Voo= 5mV 32 50 ns 

tpO- Input to output low propagation delay 1. 2 Voo= 1.2mV 34 ns 
Voo=5mV 32 50 ns 

tlPO Latch disable time 1. 2 25 38 ns 

NOTES: 
1. Guaranteed by design. 
2. Times are for l00mV step inputs. See Timing Diagrams, Figures 3 and 4. 
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Signetics Unear Products ObjeCtive Specification 

Precision High-Speed Comparator With Latch NEjSAjSE5105jA 

AC ELECTRICAL CHARACTERISTICS Vcc=+5V; VEE=-5V; -55·C";;TA";;+125·C for SE5105A15105; 
-40·C ";;TA";; + 85·C for SA5105/5105A, and, O·C";; TA";; +70·C for NE5105A15105 
Latch Enable grounded, unless otherwise noted. 

SYMBOL PARAMETER TEST CONDITION 

tpo+ Input to output high propagation delayl, 2 
Voo= 1.2mV 
Voo-5mV 

tpO- Input to output low propagation delayl, 2 
Voo= 1.2mV 
Voo=5mV 

tLPO Latch disable time I, 2 

NOTES: 
1. Guaranteed by design. 
2. Times are for l00mV step inpUls. See Timing Diagrams, Figures 3 and 4. 

SYMBOLS AND DEFINITIONS 

Common-Mode Rejection Ratio (CMRR) 
The ratio of the change in common-mode 
voltage to the corresponding change in Vos. 
CMRR Is expressed In dB, CMRR m 20 log 
(tl.CMV/tl.Vos). 

Differential Input Resistance (RIN) 
Resistance looking into either input terminal 
with the other referred to a specified voltage. 

Input Bias Current (IBIAS) 
The current into either input terminal with 
both inputs referred to a specified voltage. 

Input Offset Current (los) 
The difference between the two input bias 
currents with both inputs referred to a spe.::i
fied voltage 

Input Offset Voltage (Vos) 
The minimum potential difference required 
between the input terminals to force the 
output to a specified voltage. 

Input Offset Voltage Drift (TCVos) 
The ratio of the change in Vos to the change 
in temperature as that temperature deviates 
from a + 25·C ambient. 

Input to Output Propagation Delay 
(tpD+ and tpo-) 
The propagation delay measured from the 
time the input Signal crosses Vos to the 50% 
transition point of the output signal. Delay is 
measured with a specified input step size 
(VIN) and overdrive (Voo). 

Input Voltage Range (CMVR) 
The range of common-mode ~voltage at the 
input for which operation within specifications 
is guaranteed. 

Latch Disable Propagation Delay (tLPD) 
The propagation delay measured between 
the 50% transition points of the LATCH 
ENABLE signal falling edge and the output 
signal transition pOint. 

February 1987 

Latch Hold Time (tH) 
The minimum time after the positive transition 
of the LATCH ENABLE signal that the input 
signal must remain unchanged in order to be 
acquired and held at the output. Hold time is 
measured from the 50% transition point of 
the LATCH ENABLE Signal to the point where 
comparator input signal crosses Vos. 

Latch Pulse Width (tw) 
The minimum time that the LATCH ENABLE 
signal must be low in order to acquire and 
subsequently hold the input signal change. 
Pulse width is measured between the 50% 
transition points of the falling and rising edges 
of the latch pulse. 

Latch Setup Time (ts) 
The minimum time before the positive transi
tion of the LATCH ENABLE signal that an 
input signal change must be present in order 
to be acquired and held at the output. Setup 
time is measured from the point the input 
signal crosses Vos to the 50% transition 
point of the LATCH ENABLE signal. 

Output High Current (IOH) 
The current that the comparator output can 
source at a specified output voltage and input 
overdrive. 

Output High Voltage (VOH) 
The high output voltage w~h a specified 
source current and input overdrive. 

Output Low Voltage (VOL) 
The low output voltage w~h a specified sink 
current and input overdrive. 

Output Sink Current (IOL) 
The current that the comparator output can 
sink at a specified output voltage and input 
overdrive. 

Overdrive (Voo) 
The applied input. differential voltage in ex
cess of input offset voltage (Vos). 

5-282 

5105A15105 
UNIT 

Min Typ Max 

50 ns 
45 ns 

43 ns 
40 ns 

34 ns 

Power Supply Rejection RatiO (PSRR) 
The ratio of the change in input offset voltage 
to the specified change; in power supply 
voltage. 

Voltage Gain (Av) 
The ratio of the change in output voltage 
(over a specified range) to the change in 
differential input voltage. 

APPLYING THE 
NE/SA/SE51051 A 

PC Board Layout 
As w~h any high-speed circuit, layout of the 
PC board becomes critical for optimum per
formance. The supplies should be bypassed 
w~h good high frequency capacitors mounted 
as close to the IC as possible. A combination 
of high frequency ceramic and tantalum ca
pacitors provide adequate suppression of 
transients on the supply lines. Since the 
comparator is an uncompensated amplifier 
with high gain, even a small amount of 
feedback from the output to the input can 
cause oscillation. A poor layout of the PC 
board not only increases the uncertainty re
gion (due to oscillation) of the comparator, 
but· also introduces hysteresis. Use of ground 
planes is essantial since ground planes not 
only minimize inductance, but also reduce 
stray feedback capacitances by referring 
them to ground. Separate analog and digital 
ground planes should be used; the inputs are 
referred to the analog ground while the 
supplies and output are referred to the digital 
ground (Pin 1). Furthermore, the analog and 
digital ground planes should only meet at one 
point. Comparator output and input pins 
should be isolated from each other along with 
the traces from the respective pins. Stray 
capaCitance from the IC pins to ground can 
be minimized by keeping the lead lengths and 
traces as short as possible. 



Signetics Unear Products 

Precision High-Speed Comparator With Latch 

TYPICAL PERFORMANCE CHARACTERISTICS 
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Objective Specification 

NE/SA/SE5105/A 
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Signetics Linear Pr9ducts Objective Specification 

_ Precision High7Speed Comparator With Latch NE/SA/SE5105/A 

TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 
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Signetics 

Linear Products 

FEATURES 
• 12ns maximum guaranteed 

propagation delay 
• 20pA maximum Input bias current 
• TTL compatible strobes and 

outputa 
• Large common-mode Input 

voltage range 
• Operates from standard supply 

voltages 
• Military qualifications pending 

ORDERING INFORMATION 

NEjSE521 
High-Speed Dual-Differential 
Comparator/Sense Amp 
Product Specification 

APPLICATIONS PIN CONFIGURATION 

• MOS memory sense amp D, F, N Packages 
• A-to-O conversion 
• High-speed line receiver 

DESCRIPTION TEMPERATURE RANGE ORDER CODE TOP VIEW 

14·Pln PlastiC DIP o to +70·C NE521N 

14·Pln SO Package o to +70·C NE521D 

14·Pin Cerdip o to +70·C NE521F 

14·Pln Cerdlp -55·C to +125·C SE521F 

EQUIVALENT SCHEMATIC 

v+ 
'4o---------~----~r-------------------~----------------~------------------------------~------~----------~ 

120-------+------, 

11 

v+o-----~------~------------~----------------~------------------------~----~ ________ ~ 
TC07991S 

October 10, 1986 5-285 853·0900 85945 

I 



Signetics Linear Products Product Specification 

High-Speed Dual-Differential Comparator/Sense· Amp NE/SE521 

LOGIC FUNCTIONS 

VID STROBE S STROBE G A+, B-

Vlo<;-Ves H H 

-Yes < VIO < Ves H H 

Vlo;;'Ves H H 

X L X 

X X L 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Supply vollage 
V+ Positive 
V- Negative 

VIOR Differential input voltage 

VIN Input voltage 
Common mode 
Strobel gate 

Po 
Maximum power dissipation 1 
T A = 25·C (still-air) 

F package 
N package 
D package 

TA Operating temperature range 
NE521 
SE521 

TSTG Storage temperature range 

TSOLO Lead soldering temperature (10 sec. max) 

NOTE: 
1. Derate above 25"C at the following rates: 

F package at 9.5mW rc. 
N package at II.4mW rc. 
D package at B.3mW rc. 

October 10, 1986 

BLOCK DIAGRAM 

OUTPUT (V) 

L 

Undefined 

H 

H 

H 

RATING UNIT 

+7 V 
-7 V 

±6 V 

±5 V 
+5.25 V 

1190 mW 
1420 mW 
1040 mW 

o to 70 ·C 
-55 to +125 ·C 

-65 to +150 ·C 

+300 ·C 
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Signetics Unecr Products Product Specification 

High-Speed Dual-Differential Comparator jSense Amp NEjSE521 

DC ELECTRICAL CHARACTERISTICS (SE521) v+ = +5V. v- = -5V. TA = -55'C to + 125'C. unless otherwise specified. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Vos Input offset voltage V+ = +4.5V. V- = -4.5V 
At 25'C 6 7.5 mV 
Over temperature range 15 

IBIAS Input bias current V+ = + 5.5V. V- = -S.SV 
At 2S'C 7.5 20 fJA 
Over temperature range 40 

los Input offset current V+ = + S.SV. V- = -5.SV 
At 2S'C 1.0 5 fJA 
Over temperature range 12 

VCM Common-mode voltage range V+ = +4.SV. V- = -4.5V ±3 V 

VIL Low level input voltage 
At 2S'C 0.8 V 
Over temperature 0.7 

VIH High level input voltage 2.0 V 

Input current V+ = + S.5V. V- = -S.SV 
IIH High VIH = 2.7V 

1 G or 2G strobe 50 p.A 
Common strobe S 100 fJA 

Input Current 
IlL Low VIL = O,SV 

II 
1 G or 2G strobe -2.0 rnA 

Common strobe S -4.0 mA 

Output voltage VI(S) = 2.0V 
VOH High V+ = +4.5V. V- = -4.SV. ILOAD =-1mA 2.5 3.4 

V 
VOL Low V+ = +4.SV. V- =-4.SV, I LOAD = 10mA 0.5 

T A = 2S'C. ILOAD = 20mA 0.5 

Supply voltage 
V+ Positive 4.5 5.0 5.5 V 
V- Negative -4.5 -5.0 -5.5 

Supply current V+ = S.SV, V- = -S.SV. T A = 2S'C 
Icc+ Positive 27 35 rnA 
Ice- Negative -15 -28 

Isc Short-circuit output current -35 -115 mA 
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Signetics Uneor Products Product Speclflcatfon 

High-Speed Dual-Differential Comparator/Sense Amp NE/SE521 

DC ELECTRICAL CHARACTERISTICS (NE521) V+ - +5V, V- - -5V, TA - 0 to 70°C, unless otherwise specified. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Ves Input offset voltage V+ - +4.75V, V- - -4.75V 
At 25°C 6 7.5 mV 
Over temperature range 10 

IBIAS Input bias current V+ - + 5.25V, V- - -5.25V 
At 25°C 7.5 20 IIA 
Over temperature range 40 

los Input offsst current V+ = +5.25V, V- - -5.25V 
At 25°C 1.0 5 IIA 
Over temperature range 12 

VCM Common·mode voltage range V+ - +4.75V, V- - -4.75V ±3 V 

Input current V+ - + 5.25V, V- .. -5.25V 
IIH High VIH-2.7V 

1 G or 2G strobe 50 IIA 
Common strobe S 100 IIA 

Input Current 
IlL Low VIL -0.5V 

1 G or 2G strobe -2.0 mA 
Common strobe S -4.0 mA 

Output voltage VI(S)-2.0V 
VOH High V+ - +4.75V, V- - -4.75V, ILOAD - -lmA 2.7 3.4 V 
VOL Low V+ - +5.25V, V- - -5.25V, ILOAD - 20mA 0.5 

Supply voltage 
V+ Positive 4.75 5.0 5.25 V 
V- Negative -4.75 -5.0 -5.25 

Supply current V+ - 5.25V, V- - -5.25V, TA - 25°C 
loc+ Positive 27 35 mA 
Ice- Negative -15 -28 

Iso Short-circuit output current -40 -100 mA 

AC ELECTRICAL CHARACTERISTICS T A - 25°C, RL - 2800 CL - 15pF V+ - flV V- - 5V. 

LIMITS 
SYMBOL PARAMETER FROM INPUT TO OUTPUT UNIT 

Min Typ Max 

large-signal switching speed 

Propagation delay 
tpLH(D) Low to high1 Amp Output 8 12 
tpHL(D) High to low1 Amp Output . 6 9 ns 
IpLH(S) Low to high2 Strobe Output 4.5 10 
tpHL(S) High to 10w2 Strobe Output 3.0 6 

'MAX Max. operating frequency 40 55 MHz 

NOTES: 
1. Response time measured from OV point of ± 100mVp.p 10MHz square wave to the 1.5V point of the output. 
2. Response time measured from 1.5V point of input to 1.5V point of the output 
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Signetics Linear Products Product Specification 

High-Speed Dual-Differential Comparator jSense Amp NEjSE521 

TYPICAL PERFORMANCE CHARACTERISTICS 
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Signetics NE/SE522 
High-Speed Dual-Differential 
Comparator/Sense Amp 

Linear Products 

FEATURES 
• 15ns maximum guaranteed 

propagation delay 

• 20J.LA maximum Input bias current 
• TTL-compatible strobes and 

outputs 
• Large common-mode input 

voltage range 

• Operates from standard supply 
voltages 

ORDERING INFORMATION 

Product Specification 

APPLICATIONS 
• MOS memory sense amp 
• A-to-O conversion 
• High-speed line receiver 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

14-Pin Cerdip o to 70·C NE522F 

14-Pin Cerdip -55·C to 125·C SE522F 

14-Pin Plastic DIP o to +70·C NE522N 

14-Pin Plastic SO o to 70·C NE522D 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Supply voltage V 
V+ Positive +7 
V- Negative -7 

VI DR Differential input voltage ±6 V 

VIN I nput voltage V 
Common-mode ±5 
Strobe/gate +5.25 

PD Power dissipation 600 mW 

TA 
Operating temperature range NE522 o to 70 ·C 

SE522 -55 to + 125 

TSTG Storage temperature range -65 to +150 ·C 

TSOLD 
Lead soldering temperature 

+300 ·C 
(10sec max) 
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PIN CONFIGURATION 

D, F, N Packages 

TOp View 

BLOCK DIAGRAM 
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Signetlcs Unear Products Product Specification 

High-Speed Dual-Differential Comparator/Sense Amp NE/SE522 

EQUIVALENT SCHEMATIC 
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Signetics Linear Products Product Specification 

High-Speed Dual-Differential Comparator jSense -Amp NEjSE522 

DC ELECTRICAL CHARACTERISTICS (SE522)±5V ±10%, TA=-55 to +125°C, unless otherwise specified. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Input offset voltage V+ = + 4.5V, V- = -4.5V 
Vos At 25°C 6 7.5 mV 

Over temperature range 15 

Input bias current V+ = +5.5V, V- = -5.5V 
IBIAS At 25°C 7.5 20 IIA 

Over temperature range 40 

Input offset current V+ = + 5.5V, V- = -5.5V 
los At 25°C 1.0 5 IIA 

Over temperature range 12 

VCM Common-mode voltage range V+ = +4.5V, V- = -4.5V ±3 V 

VIL Low level input 
Voltage at 25°C 0.8 V 
Over temperature 0.7 

VIH High level temperature 2.0 V 

Input current V+ = + 5.5V, V- = -5.5V 
IIH High VIH= 2.7V 

1 G or 2G strobe 50 IIA 
Common strobe S 100 IIA 

IlL Low input current VIL =0.5V 
1G 2G strobe -2 mA 

Common strobe S -4 mA 

Output voltage 
VOL Low V+ = +4.5V, V- = -4.5V 

V 
IOL = 20mA, T A = 25°C 0.5 

IOL = 10mA 0.5 

Output current 
IOH High Vcc+ = +4.5, Vce- = -4.5V, VOH = 5.5V 250 IIA 

Supply voltage 
V+ Positive 4.5 5.0 5.5 V 
V- Negative -4.5 -5.0 -5.5 

Supply current V+ = 5.5V, V- = -5.5V 
Icc+ Positive 27 35 mA 
Ice- Negative -15 -28 
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Signetics Linear Products Product Specification 

High-Speed Dual-Differential Comparator/Sense Amp NE/SE522 

DC ELECTRICAL CHARACTERISTICS (NE522)± 5V ± 5%, T A - 0 to + 70·C, unless otherwise specified. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Vos Input offset voltage V+ - +4.75V, V- =-4.75V 
At 25·C 6 7.5 mV 
Over temperature range 10 

IBIAS Input bias current V+ - + 5.25V, V- - -5.25V 
At 2S·C 7.5 20 jJA 
Over temperature range 40 

los Input offset current V+ = + 5.2SV, V- = -S.25V 
At 2S·C 1.0 S jJA 
Over temperature range 12 

VCM Common-mode voltage range V+ = +4.7SV, V- = -4.7SV ±3 V 

Input current V+ = +5.2SV, V- =-S.25V 
IIH High VIH-2.7V 

1 G or 2G strobe SO jJA 
Common strobe S 100 jJA 

IlL Low VIL =O.5V 
lG 2G strobe -2.0 mA 

Common strobe S -4.0 mA 

Output voltage low V+ - +5.2SV, V- - -5.2SV, VI(S) - 2.0V V 
VOL ILOAO= 20mA 0.5 

Output current high • IOH High Vcc+ - +4.75 250 jJA 
Vce- = -4.75V, VOH = S.2SV 

Supply Voltage 
V+ Positive 4.7S 5.0 5.25 V 
V- Negative -4.7S -5.0 -S.25 

Supply current V+ - S.25V, V- - -5.25V, T A = 25·C 
Icc+ Positive 27 50 mA 
Ice- Negative -15 -28 
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Signetics Linear. Products Product Specification 

High-Speed Dual-Differential Comparator/Sense Amp NE/SE522 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, RL - 2800, CL = 15pF 

LIMITS 
SYMBOL PARAMETER FROM INPUT TO OUTPUT UNIT 

Min Typ Max 

IR Input resistance 4 kO 

Ic Input capacitance 3 pF 

Large-signal switching speed 

Propagation delay 
tpLH(D) Low to high1 Amp Output 10 15 
tpHL(D) High to low1 Amp Output 8 12 ns 
tpLH(S) Low to high2 Strobe Output 6 13 
tpHL(S) High to low2 Strobe Output 5 9 

fMAX Maximum operating frequency 25 35 MHz 

NOTES: 
1. Response time measured from OV point of ± 100mVp_p 10MHz square wave to the 1.5V paint of the output. 
2. Response time measured from 1.5V point of the input to 1.5V paint of the output. 

LOGIC FUNCTION TABLE 

VIO STRS STRG 
Output 

(A+, B-) Transistor 

<-Vas H H ON 
-Vas < VID < Vas H H Undefined 

> Vas H H OFF 

X L X OFF 
X X L OFF 
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Signetics Unear Products Product Specification 

High-Speed Dual-Differential Comparator/Sense Amp NE/SE522 

TYPICAL PERFORMANCE CHARACTERISTICS 
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Response Time vs Temperature 
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Signetics 

Linear Products 

DESCRIPTION 
The NE/SE527 is a high-speed analog 
voltage comparator which, for the first 
time, mates state-ol-the-art Schottky di
ode technology with the conventional 
linear process. This allows simultaneous 
fabrication of high speed TTL gates with 
a precision linear amplifier on a single 
monolithic chip. The NE/SE527 is simi
lar in design to the Signetics NE/SE529 
voltage comparator except that it incor
porates an "Emitter-Follower" input 
stage for extremely low input currents. 
This opens the door to a whole new 
range of applications for analog voltage 
comparators. 

ORDERING INFORMATION 

NE/SE527 
Voltage Comparator 
Product Specification 

FEATURES PIN CONFIGURATIONS 
• 15n8 propagation delay 
• Complementary output gates 

D. F. N Package. 

• TTL or Eel compatible outputs 
• Wide common-mode and 

differential voltage range 
• Mll-STD-883A, B, C available 
• Typical gain of 5000 

APPLICATIONS 
• AID conversion 
• ECl-to-TTl interface 
• TTl-to-ECl interface 
• Memory sensing 
• Optical data coupling H Package' 

V, + 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

14-Pin Plastic DIP o to +70·C NE527N 

14-Pin Cerdip 
, o to +70·C NE527F 

14-Pin SO o to +70·C NE527D 

14-Pin Cerdip - 55·C to + 125·C SE527F 

10-Lead metal can o to +70·C NE527H OUTPUT. 

1O-Lead metal can -55·C to + 125·C SE527H NOTE: 
1. _ cans (H) not I8COII1II1IIt1I lor new deoignI. 

EQUIVALENT SCHEMATIC 

,. ,. 1.111 56 

STROBEl 
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Signetics Linear Products 

Voltage Comparator 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Vl+ Positive supply voltage 

Vl- Negative supply voltage 

V2+ Gate supply voltage 

VOUT Output voltage 

VIN Differential input voltage 

VCM Input common mode voltage 

Po 
Max power diSSipation 1 
25·C ambient (still air) 

F package 
N package 
D package 

TA Operating temperature range 
NE527 
SE527 

TSTG Storage temperature range 

TSOLO Lead soldering temperature (10sec max) 

NOTE: 
1. Derate above 25°C, at the following rates: 

F package 9.5mW I'C 
N psckage II.4mW I'C 
o package B.3mW I'C 

November 6, 1986 

Product Specification 

NEjSE527 

BLOCK DIAGRAM 

RATING UNIT 

+15 V 
OUTPUT A 

-15 V INPUT A 

+7 V OUTPUT 8 
INPUT B 

+7 V 
B0029015 

±5 V 

±6 V 

1190 mW 
1420 mW 
1040 mW 

o to +70 ·C 
-55 to + 125 ·C 

-65 to +150 ·C 

+300 ·C 

I 
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Voltage Comparator NE/S~527 

DC ELECTRICAL CHARACTERISTICS V1+ -10V, V1- =-10V, V2+ - +5.0V, unless otherwise specified. 

SE527 NE527 I UNIT SYMBOL PARAMETER TEST CONDITIONS 
Min Typ Max Min Typ Max 

Input characteristics 

Vos Input offset voltage @ 25°C 4 6 mV 
over temperature range 6 10 mV 

IBIAS Input bias current @ 25·C 2 2 p.A 
over temperature range 4 4 p.A 

los Input offset current @ 25·C 0.5 0.75 p.A 
over temperature ranga VIN=OV 1 1 p.A 
common-mode voltage range ±5 ±5 V 

Gate characteristics 

VOUT Output Voltage 
"I" State V2+ -4.75V, ISOURCE=-lrnA 2.5 3.3 2.7 3.3 V 
"0" State V2+ = 4.75V, ISINK = 10mA 0.5 0.5 V 

Strobe inputs 
"0" Input current1 V2+ = 5.25V, VSTROBE = 0.5V -2 -2 rnA 
"I" Input current @ 25·C1 V2+ = 5.25V, VSTROBE = 2.7V 50 100 p.A 
Over temperature range V2+ =5.25V, VSTROBE=2.7V 200 200 p.A 
"0" Input voltage V2+ =4.75V 0.8 0.8 V 
"I" Input voltage V2+ = 4.75V 2.0 2.0 V 

Isc Short-circuit output current V2+ = 5.25V, VOUT = OV -18 -70 -18 -70 rnA 

Power supply requirements 

Supply voltage 
V1+ 5 10 5 10 V 
V1- -6 -10 -6 -10 V 
V2+ 4.5 5 5.5 4.75 5 5.25 V 

Supply current V1+ -10V, V1- =-10V 
V2+ = 5.25V 

11+ Over temp. 5 5 mA 
11- Over temp. 10 10 mA 
12+ Over temp. 20 20 mA 

NOTE: 
1. See Logic Function Table. 

AC ELECTRICAL CHARACTERISTICS T A = 25°C, unless otherwise specified. (See AC test circuit) 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Transient response propagation delay time 
tpLH Low-to-High VIN - ± l00mV step 16 26 ns 
tpHL High-to-Low 14 24 ns 

Delay between output A and B 2 5 ns 

Strobe delay time 

IoN Turn-on time 6 ns 
toFF Turn-off time 6 ns 
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Voltage Comparator 

TYPICAL PERFORMANCE CHARACTERISTICS 
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Input 
PAA = 1 MHz 
Pw =50ns 
Tr = Tf" 2ns 
Amplitude = 3.00V 

Output 
AL ~390n 
CL = 25pF (including stray capacitance) 
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Signetics Unear Products 

Voltage Comparator 

APPLICATIONS 
One of the main features of the device is that 
supply voltages (Vl+, Vl-) need not be 
balanced, as in the following diagrams. For 

LOGIC FUNCTION 

proper operation, however, negative supply 
(Vl-) should always be at least BV more than 
the ground terminal (Pin 6). Input common
mode range should be limited to values of 2V 
less than the supply voltages (VI + and V 1-) 

Product ,Specification 

NE/SE527 

up to a maximum of ± 6V as supply voltages 
are increased. It Is also important to note that, 
Output A Is in phase with Input A and Output 
B is In phase with Input B. 

VID 
(A+, B1 STROBE A STROBE B OUTPUT A OUTPUT B COMMENT 

VIO<;-VOS H 

-Vos < VIO < Vos H 

VIO;;'VOS X 

X L 

TYPICAL APPLICATIONS 

A ....,.-t_....,+_5V __ --.,_ 

o 

627N 

-Photodlode Detector 

527N 

1000 

-MOS Memory Sen.e AMP 

November 6, 1966 
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Signetics NE/SE529 
Voltage Comparator 

Linear Products 

DESCRIPTION 
The NE/SE529 is a high-speed analog 
voltage comparator which, for the first 
time, mates state-of-the-art Schottky di
ode technology with the conventional 
linear process. This allows simultaneous 
fabrication of high-speed TTL gates with 
a precision linear amplifier on a single 
monolithic chip. 

ORDERING INFORMATION 

Product Specification 

FEATURES 
• 10ns propagation delay 
• Complementary output gates 
• TTL or ECl compatible outputs 
• Wide common-mode and 

differential voltage range 
• Typical gain 5000 

APPLICATIONS 
• AID conversion 
• ECl-to-TTL Interface 
• TTL-to-ECL Interface 
• Memory sensing 
• Optical data coupling 
• MIL-STD-883A, B, C available 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

14-Pin Plastic DIP 

14-Pin Cerdip 

14-Pin Cerdip 

14-Pin SO 

1 O-Lead Metal Can 

1 O-Lead Metal Can 

EQUIVALENT SCHEMATIC 

v, 

INPUT A 

v, 

October 10, 1986 

o to +70'C 

o to +70·C 

-SS'C to + 12S'C 

o to +70'C 

o to +70'C 

-SS'C to + 12S'C 

,. 
R" 

,. 
R .. 

NES29N 

NES29F 

SES29F 

NES29D 

NES29H 

SES29H 

5-301 

PIN CONFIGURATIONS 

D, F, N Packagea 

TOP VIEW 

H Package' 

v, + 

OUTPUTB 

NOTE: 
·MetaI cans (H) not recommended for new designs. 

STROBE .. " 

ro, ..... 

853-0902 85947 
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Signetlcs Linear Products 

Voltage Comparator 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Vl+ Positive supply voltage 

Vl- Negative supply voltage 

V2+ Gate supply voltage 

VOUT Output voltage 

VIN Differential input voltage 

VCM Input common mode voltage 

Po 
Maximum power dissipation 1 
T A = 25·C (still-air) 

F package 
N package 
D package 

TA Operating temperature range 
NE529 
SE529 

TSTG Storage temperature range 

TSOLO Lead soldering temperature 
(10 sec max) 

NOTE: 
1. Derate above 25·C at the fOllowing rates: 

F package at 9.5mW rc. 
N package at 11.5mWrC. 
o package at B.3mW rc. 

October 10, 1986 

Product Specification 

NE/SE529 

BLOCK DIAGRAM 

RATING UNIT 

+15 V 
OUTf'UT • 

-15 V INPUT A 

+7 V INPUT B <>--""~ L __ -jr-", 
OUTf'UT • 

+7 V 

±5 V 

±6 V 

1190 mW 
1420 mW 
1040 mW 

o to +70 ·C 
-55 to +125 ·C 

-65 to +150 ·C 

+300 ·C 
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Voltage Comparator NE/SE529 

DC ELECTRICAL CHARACTERISTICS V1+ = +10V, V2+ = +5.0V, V1- =-10V, unless otherwise specified. 

SE529 NE529 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Input characterlatlcs 

Vos Input offset voltage @ 25°C 4 6 mV 
Over temperature range 6 10 mV 

IBIAS Input bias current @ 25°C 5 12 5 20 p.A 
Over temperature range VIN=OV 36 50 p.A 

los Input offset current @ 25°C 2 3 2 5 p.A 
Over temperature range VIN=OV 9 15 p.A 
Common-mode voltage range 0 ±5 0 ±5 V 

Gate characteristics 

VOUT Output voltage 

"1" state V2+ =4.75V, 
2.5 3.3 2.7 3.3 V 

ISOURCE = -1 rnA 
"0" state V2+ = 4.75V, ISINK = lOrnA 0.5 0.5 V 

Strobe inputs 

"0" Input current1 V2+ =5.25V, -2 -2 rnA 
VSTROBE = 0.5V 

"1" Input current @ 25°C1 V2+ =5.25V, 
50 100 p.A 

VSTROBE - 2.7V 

Over temperature range V2+ =5.25V, 200 200 p.A 
VSTROBE = 2.7V 

"0" input voltage V2+ -4.75V 0.8 0.8 V I 
"1" input voltage V2+ = 4.75V 2.0 2.0 V 

Isc Short-circuit output current V2+ - 5.25V, VOUT - OV -18 -70 -18 -70 rnA 

Power supply requirements 

Supply voltage 
Vl+ 5 10 5 10 V 
V1- -6 -10 -6 -10 V 
V2+ 4.5 5 5.5 4.75 5 5.25 V 

Supply current Vl+ -10V, Vl- = -10V 
V2+ = 5.25V 

11+ Over temp. 5 5 rnA 
11- Over temp. 10 10 mA 
12+ Over temp. 20 20 rnA 

NOTES: 
1. See logic function table. 

AC ELECTRICAL CHARACTERISTICS T A = 25°C (See AC test circuit). 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

tR Transient response VIN - ± 100mV step 

Propagation delay time 
tpLH Low-to-high 12 22 ns 
tpHL High-to-Iow 10 20 ns 

Delay between output A and B 2 5 ns 

Strobe delay time 
!oN turn-on time 6 ns 
!oFF turn-off time 6 ns 
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Voltage Comparator 

TYPICAL PERFORMANCE CHARACTERISTICS 
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Voltage Comparator 

APPLICATIONS 
One of the main features of the device is that 
supply voltages (V+, V-) need not be bal
anced, as in the following diagrams. For 
proper operation, however, negative supply 
(V-) should always be at least 6V more than 
the ground terminal (pin 6). Input Common
Mode range should be limited to values of 2V 
less than the supply voltages (V+ and V-) up 
to a maximum of ± 6V as supply voltages are 
increased. 

It is also important to note that Output A is in 
phase with Input A and Output B is in phase 
with Input B. 

TYPICAL APPLICATIONS 

+5V 
X~~ __ ~ ______ ~ 

11 

528N 

Photodlode Detector 

528N 

1000 

LOGIC FUNCTION 

VIO 
(A+, B-) 

VIO';;-VOS 

-Vos < VIO < Vos 

VIO;;.Vos 

X 

Q 

Q 

MOS Memory Sense AMP 
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Linear Products 

COMPARATORS 
Voltage comparators are high gain differential 
input-logic output devices. They are specifi
cally designed for open-loop operation with a 
minimum of delay time. Although variations of 
the comparator are used in a host of applica
tions, all uses depend upon the basic transfer 
function. Device operation is simply a change 
of output voltage dependent upon whether 
the signal input is above or below the thresh
old input. 

Comparator inputs are customarily marked 
with plus or minus signs to indicate their 
polarity. For example, the circuH of Figure 1 
produces a logic 1 level when the non
inverting input is more positive than the refer
ence voltage. 

DEFINITIONS 
Many similarities exist between operational 
amplifiers and the amplifier section of voltage 
comparators. In fact, op amps can be used to 
implement the comparator function at low 
frequencies. 

Thus, the characteristic definitions presented 
here are similar to those reviewed for op 
amps. 

Input Offset Voltage 
As with operational amplifiers, the non-ideal 
comparator possesses some offset voltage. 
The definition differs slightly in that the output 
structure of comparators is digital rather than 
linear. Hence, input offset voltage is defined 
for comparators as the DC voltage required at 
the input to force the output to the logic 
threshold of ensuing devices (l.2V for TIL). 

Input Offset Current 
Imbalances of input bias current arise from 
small variances of the junction geometry of 
the differential input amplifier. As for op amps, 
the imbalance is referred to as input offset 
current. 

Bias Current 
As with op amps the input structure of com
parators is usually a differential bipolar stage. 
Input bias current is the average of the two 
input currents. 

Common-Mode Range 
When specifying voltage comparators, one of 
the key parameters is common-mode range, 
which is defined as the range of voltages over 

February 1987 

AN116 
Applications for the NE521/ 
522/527/529 
Application Note 

which both inputs can be varied simulta
neously without abnormal output voltage tran
sitions or device degradation. This parameter 
must be kept uppermost in the designer's 
mind because the reference and signal volt
ages become common-mode signals at 
threshold. All ranges of input signals thus 
must be within the common-mode range of 
the input amplifier. 

Voltage Gain 
Specifications of voltage gain refer to the 
overall gain of the device, the bulk of which 
occurs in the amplifier section. 

In general, higher gains would be advanta
geous for resolving smaller input signals. Of 
course, the propagation delay suffers due to 
the more severe saturation of the transistors. 
Typical gains for TIL output devices are set 
for 5000V IV. This gain provides 5V of output 
swing with 1 mV input signal change for rea
sonable accuracy, but does not contribute 
severely to the overload recovery delay. 

Propagation Delay 
Voltage comparisons of analog signals with a 
reference voltage usually require that the 
operation take as little time as possible. Long 
delays in the comparator cause a pulse 
position error at the output since the analog 

rRIN 

vR•• - LOGIC 

vSIGHAL + OUTPUT 

R'N 

Figure 1. Basic Comparator Circuit 

SIQNAL 

JL 
100mVPWS 
OVERDRIVE 

Figure 2. Propagation Delay Test Setup 

signal in the meantime has changed value. At 
low frequencies the delay is of small conse-

5-306 

quence, but at higher frequencies, transH time 
becomes intolerable. Design of voltage com
parator devices includes, as a prime goal, the 
minimizing of transit times. 

Propagation delay testing is done under 
worst-case conditions. The recovery from 
saturation varies, depending upon the initial 
state of the amplifier and the overdrive. 
Worst-case condHions begin by applying a 
100mV signal on the reference terminal. With 
no signal applied, the amplifier is in saturation 
in one direction. A step input pulse on the 
signal line of 100mV ±Vos will bring the 
amplifier to a threshold level. Propagation 
delay at this point is undefined since the 
output has not switched. 

To attain output switching, a small overdrive 
is necessary. Propagation delay is tested in a 
configuration such as Figure 2. The input is a 
step function of 100mV plus a specified 
excess or overdrive signal. This causes the 
amplifier to be exercised from saturation in 

I I Vs-dV 

20mV TA.-=2SOC 

r- ~~b:t ~ 5m{~ _T!!,. TI!!!..E§H21:!l 
/. '''lOmV 

OVERDRIVE 

T· 

10 1& 20 25 30 
nME(nol 

Figure 3. Response Time for NE/SE521 
Comparator for Various Input 

Overdrives 

one direction to saturation in the other for 
worst-case propagation delay. Note that larg
er overdrive reduces delay time as can be 
seen in Figure 3. An overdrive of 5mV causes 
12ns delay, whereas a 100mV overdrive im
proves transit time to only 6ns. 

If the measurement were made without initial 
saturation (less than 1 OOmV IV threshold) the 
delay time would be less, due to the de
creased storage times of unsal4rated transis
tors. 
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STATE-OF-THE-ART 
Comparator design has always been opti
mized for four basic parameters. They are: 

1. High Speed 

2. Wide Input Voltage Range 

3. Low Input Current 

4. Good Resolution 

Unfortunately, these four parameters are not 
compatible. For instance, gain and input cur
rent can be improved by using thinner diffu
sions for higher beta, but only at the expense 
of input voltage range. Higher gain also 
means higher saturation for an increase in 
delay time. So it becomes obvious that older 
comparators such as the 710 were designed 
with the best compromises in mind using 
standard processing. 

One method of improving overall response 
adds gold doping to the processing flow. The 
gold dopant causes a decrease in minority 
carrier lifetime which aids the recombination 
process and shortens the saturation recovery 
time. Unfortunately, the transistor beta is 
adversely affected by gold, causing slightly 
higher bias and offset currents. 

It was not until the advent of the Schottky 
clamp that a vast improvement in speed 
without input degradation was possible. A 
very familiar term in the semiconductor indus
try, the Schottky barrier diode's (SBD) loca
tion is illustrated in Figure 4. 

Figure 4. Schottky Clamped Transistor 

The Schottky clamped transistor is formed by 
paralleling the Schottky diode with the base
collector junction of the NPN transistor. With
out the clamp, as base drive is increased the 
collector voltage falls until hard saturation 
occurs. At this pOint the collector voltage is 
very near the emitter voltage, and stored 
charges in the junctions causes slow recov
ery from saturation after base drive has been 
removed. The forward voltage drop of the 
Schottky diode is O.4V -less than the for
ward drop of silicon diodes. This difference in 
forward drop is used by placing the diode 
across the transistor base-collector junction. 

The Schottky diode becomes forward-biased 
when the collector voltage falls 0.4V below 
the base voltage. Excess base drive is then 
shunted into the collector circuit, prohibiting 
the transistor from reaching classic satura-
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Figure 5. Schottky Clamped Transistor Geometry 

tion. With almost no stored charge in either 
the SBD or the transistor, there is a large 
reduction in storage time. Thus, transistor 
switching time is significantly reduced. 

PROP Vos los IBIAS 
DEVICE DELAY (ns) (mV) (,uA) (,uA) 

NE521 12 7.5 5 20 

NE522 15 7.5 5 20 

NE527 26 6 0.75 2 

NE529 22 6 5 20 

LM311 200 7.5 0.05 0.25 

LM319 80 8 0.2 1.2 

LM339 1300 2 0.05 0.25 

LM393 1300 2 0.05 0.25 

NOTE: 

A cross sectional area of the Schottky diode 
is shown in Figure 5. 

CMR 
GAIN (V) BENEFITS 

5000 ±3 Dual, very fast, standard 
supplies TTL 
compatible, individual & 
common strobe. 

5000 ±3 Same as NE521 plus 
open-collector outputs 
for additional decoding. 

5000 ±6 Fast, very low input 
current, differential 
outputs, flexible surplus 
wide common-mode 
range. 

5000 ±6 Same as NE527 but 
with faster response. 

200k ±30 High common-mode 
input range, ± 5V to 
± 15V supply, strobe 
input, open-collector 
output. 

40k ±5 Low input bias, dual, 
+ 5V to ± 15V supply, 
open-collector output. 

200k V+ High common-mode 
-1.5V input range, tow input 

bias, quad, + 5V to 
± 15V supply, open-
collector output. 

200k V+ Same as LM339 but 
-1.5V dual. 

Parameters are based on min/max limits at 25°C as defined in the individual data sheet. 

Figure 6. Comparator Selection Guide 
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COMPARING THE 
COMPARATORS 
Presently available comparator les range 
from the ultra fast SEINE521 to the general 
purpose comparator fashioned from an inex
pensive op amp. Selection of the device 
depends upon the application in which it will 
be used. Speed of conversion is often of 
primary importance to minimize pulse position 
errors of high frequency signals. At other 
times the requirements are much less strin
gent, allowing the use of a general purpose 
comparator. 

A handy reference guide to the major param
eters is summarized in Figure 6. The neces
sary parameters can be chosen to select the 
proper device. 

A general description of the comparator de
vices is included here to familiarize the user 
with available devices and their advantages. 

NE/SE521/522 Comparators 
Processed with state-of-the-art Schottky bar
rier diodes, the NE521/522 series devices 
provide good input characteristics while pro
viding the fastest analog-to-TTL conversion 
to date. Total delay from input to output is 
typically 6ns with a guaranteed speed of 
12ns. Additional features of this device in
clude the dual configuration and individual 
output strobes to simplify system logic. The 
NE522, although sacrificing some speed, fea
tures open-collector outputs for party line or 
wired-OR configurations for additional system 
flexibility. 

NE/SE527 Comparator 
Featuring Darlington inputs for very low bias 
current, the NE527 is generically related to 
the NE529 comparator. Emitter-follower in
puts to the differential amplifier are used to 
trade better input parameters for slightly less 
speed. As Figure 6 shows, a factor of 10 
improvement in ISlAS is gained with a propa
gation delay increase of only 4ns maximum. 

NE529 Comparator 
The NE529 is manufactured using Schottky 
technology. Although a few nanoseconds 
slower than the NE521, the NE529 features 
variable supplies from ± 5 to ± 10V with a high 
common-mode range of ± 6V. Both the 
NE527 and NE529 Schottky comparators 
boast complementary logic outputs with out
put A being in phase with input A. In addition, 
the supplies of both the NE527 and NE529 
may be non-symmetrical to produce a desired 
shift in the common-mode range. 

This technique is illustrated by the Eel-to
TTL and TIL-to-Eel transistor of Figures 16 
and 17, respectively. The only major require
ment of the supplies is that the negative 
supply be at least 5V more negative than the 
ground terminal of the gate. This is necessary 
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to insure that the internal bias arrangement 
has sufficient voltage to operate normally. 

APPLICATIONS 
Today's state-of-the-art ultra high-speed 
comparators are capable of making logic 
decisions in less than 10ns. They are easily 
applied and possess good input and power 
supply noise rejection. As with all linear les, 
however, some preliminary steps should be 
taken in their use. 

GENERAL PRECAUTIONS 

Layout 
The comparator is capable of resolving sub
millivolt signals. To prevent unwanted signals 
from appearing at signal ports, good physical 
layout is required. For any high-speed design, 
ground planes should be used to guard 
against ground loops and other sources of 
spurious signals. At high frequencies, hidden 
signal paths become dominant. Distributed 
capacitance is a particular nuisance. If care is 
not taken to isolate output from input, distrib
uted capacitance can couple a few millivolts 
into the input, causing oscillation. 

Another source of spurious signals is ground 
current. Input structures are relatively high 
impedance while the gate structures of com
parators run with large signal and ground 
currents. If this gate ground current is allowed 
to pass near the input signal path, the small 
impedances of the ground circuit will cause 
millivolt changes in reference or signal volt
ages producing errors, sustained oscillation, 
ringing, or excessive Vas. A ground plane 
arranged such that output currents do not 
flow near input areas is highly recommended. 

Power Supplies 
Another general precaution that should al
ways be exercised is power supply bypassing. 
As mentioned, the name of the game is 
speed. Very high-speed gates are used to 
produce the desired output logic levels. Maxi
mizing response speed also requires higher 
current levels, giving rise to power supply 
noise. For this reason, good power supply 
bypassing very close to the device itself is 
always mandatory. A tantalum capacitor of 1 
to 10llF in parallel with 500 to 1000pF will 
prove effective in most cases. lead lengths 
should be as short as physically possible to 
preserve low impedances at high frequency. 

Unused Inputs 
Some currently available comparators such 
as the NE521 and NE522 are dual devices. 
Most often both sections of these devices will 
be utilized. Should a system utilize one de
vice, the unused inputs should be biased in a 
known condition. The high gain-bandwidth 
may otherwise cause oscillations in the un
used comparator section. A low impedance 
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should be provided from both unused inputs 
to ground. A resistor of relatively high imped
ance may then be used to supply a differen
tial input on the order of 1 OOmV to insure the 
comparator assumes a known state. 

If the inverting input is tied to the positive 
differential voltage the gate output will be low. 
The strobe inputs then provide a means of 
utilizing the Schottky gate for other system 
logic functions. 

If the strobe inputs are not used, they should 
be connected to the output of a logic gate 
that is always high, or to the + 5V supply 
through a 5 to 10kf! resistor. They should 
never be tied directly to the + 5V supply as 
the relatively minor spiking on the supply may 
damage these inputs. 

Common-Mode Signals 
Manufacturers specify the maximum voltage 
range over which the inputs may be taken. In 
addition, the maximum differential voltage 
that may be safely applied to the inputs is 
specified. I n the case of the N E529 compara
tor, the differential voltage is restricted to less 
than ± 5V, with a common-mode of ± 6V. That 
these two quantities interact cannot be over
looked. For instance, with both inputs at ± 4V 
the common-mode restriction is satisfied. If 
VREF is now left at + 4V the signal input may 
not be taken more than 1 V below ground 
because the differential signal becomes 5V. 

It is important to observe this maximum rating 
since exceeding the differential input voltage 
limit and drawing excessive current in break
ing down the emitter-base junctions of the 
input transistors could cause gross degrada
tion in the input offset current and bias 
current parameters. 

It is also important to note that response time 
is specified for a common-mode voltage of 
zero and may degrade when the common
mode voltage approaches the common-mode 
specification limits. 

Exceeding the absolute maximum positive 
input voltage limit of the device will saturate 
the input transistor and possibly cause dam
age through excessive current. However, 
even if the current is limited to a reasonable 
value so that the device is not damaged, 
erratic operation can result. 

Input Impedance 
The differential bias and offset currents of 
comparators are minimized by design. As was 
pointed out for op amps, the input resistance 
seen by both inputs should be equal. This 
reduces to a minimum the contribution of 
offset current to threshold error. Unbalanced 
input impedance also adds to the offset error 
due to the difference in voltage drop across 
the input resistances. 
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BASIC APPLICATIONS 
The basic comparator circuit and its transfer 
function were presented by Figure 1. 

When the input exceeds the reference volt
age, the output switches either positive or 
negative, depending on how the inputs are 
connected. 

The vast majority of specific applications 
involve only the basic configuration with a 
change of reference voltsge. A-to-D convert
ers are realized by applying the signal to one 
terminal and the voltage derived from a 
ladder network to the other. Limit detectors 
are likewise made from only the very basic 
circuij. Both are only a small deviation from 
the basic level detector. 

Hysteresis .. 
Normally saturated high or low, the amphflers 
used in voltage comparators are seldom held 
in their threshold region. 

They possess high gain-bandwidth products 
and are not compensated to preserve switch
ing speed. Therefore, if the compared volt
ages remain at or near the threshold for long 
periods of time, the comparator may oscillate 
or respond to noise pulses. For instsnce, this 
is a common problem with successive ap
proximation DI A converters where the differ
ential voltsge seen by the comparator be
comes successively smaller until noise sig
nals cause indecision. To avoid this oscilla
tion in the linear range, hysteresis can be 
employed from output to input. Figure 7 
defines the arrangement. Both positive and 
negative feedback is provided by RIN and RF. 

Hysteresis occurs because a small portion of 
the "one" level output voltage is fed back in 
phase and added to the input signal. This 
feedback aids the signal in crossing the 
threshold. When the signal returns to the 
threshold, the positive feedback must be 
overcome by the signal before swijching can 
occur. The switching process is then assured 
and oscillations cannot occur. The threshold 
"dead zone" created by this method, illustrat
ed in Figure 8, prevents output chatter with 
Signals having slow and erratic zero cross
ings. 

As shown in Figure 7, the voltsge feedback is 
calculated from the expression: 

EOUT'RIN 
VHYST = RIN + RF 

where EoUT is the gate high output voltsge. 

The hysteresis voltsge is bounded by the 
common-mode range and the ability of the 
gate to source the current required by the 
feedback network. If symmetrical hysteresis 
is desired, an additional inverting gate is 
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required if the comparator does not have 
differential outputs. The NE527 and NE529 
devices provide inverted signals from differ
ential outputs while the NE521 and NE522 
devices will require the inverter. Care should 
be tsken in the selection of the inverter that 
propagation delay is minimum, especially for 
very high-speed comparators such as the 
NE521. 

Line Receiver 
Retrieving Signals which have been transmit
ted over long cables in the presence of high 
electrical noise is a perfect application for 
differential comparators. Such systems as 
automated production lines and large com
puter systems must transmit high frequency 
digitsl signals over long distsnces. 

If the twisted-pair of the system is driven 
differentially from ground, the signals can be 
reclaimed easily via a differential line receiver. 

Since the electrical noise imposed upon a 
pair of wires tskes the form of a common
mode signal, the very high common-mode 
rejection of the NE521/522 makes the unit 
ideal for differential line receivers. Figure 9 
depicts the simple schematic arrangement. 
The NE521 is used as a differential amplifier 
having a logic level output. Because com
mon-mode signals are rejected, noise on the 
cable disappears and only the desired differ
ential signal remains. Figure 10 illustrates the 
NE521 response to the 200mVp_p 10MHz 
differential signal. In Figure 11 the same 
signal has been buried in 5Vp.p of 1 HMz 
common-mode "noise." 

The circuit suffers no degradation of signal. If 
desired, several NE522 comparators may be 
"wire-ORed," or a latched output can be built 
as shown in Figure 9. 

The NE521 and NE529 comparators have the 
advantage of wider bandwidth to permit 
higher data rates. 

RON RF 

VON O--W ...... t----'lNV----, 

NOTE: EOUT· RIN 
VHYST---

RIN + RF 

Figure 7. Level Detector With 
Hysteresis 
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Double-Ended Limit (Window) 
Detector 
Msny system designs require that it be known 
when a signal level lies between two limits. 
This function is easily accomplished with a 
single NE522 package. The schematic and 
transfer curve of the circuit is shown in Figure 
12. 

Each half of the NE522 is referenced to the 
desired upper or lower voltage limit producing 
the desired transfer curve shown. Taking 
advantsge of the dual configuration and the 
open·collectors of the NE522 minimizes ex
ternal components and connections. 

Crystal Oscillator 
Any device with a reasonable gain can be 
made to oscillate by applying positive feed
back in controlled amounts. The NE521 will 
lend itself to crystal control easily, provided 
the crystsl is used in ijs fundamental mode. 
Figure 13 shows a typical oscillator circuit. 

The crystal is operated in its series-resonant 
mode, providing the necessary feedback 
through the capacitor to the input of the 
NE521. The resistor RADJ is used to control 
the amount of feedback for symmetry. Oscil
lations will start whenever a circuit distur
bance such as turning on the power supplies 
occurs. The NE521 will oscillate up to 70MHz. 
However, crystsls with frequencies higher 
than about 20MHz are usually operated in 
one of their overtones. To build an oscillator 
for a specific overtone requires tuned circuits 
in addition to the crystsl to provide the 
necessary mode suppression. If the spurious 
modes are not tuned out, the crystsl will 
oscillate at the fundamental frequency. 
Higher frequency oscillators could be realized 
using input and output mode suppression or 
tuning. The NE522 is especially desirable 
since the open-collector topology allows the 
output to be collector-tuned readily. 

OUTPUT 
IV .. 

! 
f 

.","UTnOIllV/GIIII 

0"."" 
Figure 8. OV Level Detector With 

± 10mV Hysteresis 

I 
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Figure 12. Double-Ended Limit Detector 

Figure 11. Response During Common-Mode Noise Figure 13. Crystal Oscillator 
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Analog-to-Digltal Converter 
There are many types of A-te-D converter 
designs, each having its own merits. Howev
er, where speed of conversion is of prime 
interest, the multi-threshold conversion type 
is used exclusively. It is apparent from Figure 
14 that the conversion speed of this design is 
the sum of the delay through the comparator 
and the decoding gates. 

The sacrifices which must be made to obtain 
speed are the number of components, bit 
accuracy and cost. The number of compara
tors needed for an N-bit converter is 2n-l. 
Although the NE521 provides two compara
tors per package, the length of parallel con
verters is usually limited to less than 4 bits. 
Accuracy of multi-threshold A-D converters 
also suffers since the integrity of each bit is 
dependent upon comparator threshold accu
racy. 

The implementation of a 3-bit parallel AID 
converter is shown in Figure 15 with a 3-bit 
digital equivalent of an analog input shown in 
Figure 14. 

Reference voltages for each bit are devel
oped from a precision resistor ladder network. 
Values of Rand 2R are chosen so that the 
threshold is one half of the least Significant 
bit. This assures maximum accuracy of ± 1t2 
bit. 

It is apparent from the schematic that the 
individual strobe line and duality features of 
the NE521 have greatly reduced the cost and 
complexity of the design. The speed of the 
converter is graphically illustrated by the pho
to of Figure 14. All 3-bit outputs have settled 
and are true a mere 15ns after the input step 
of 3V has arrived. The output is usually 
strobed into a register only after a certain 
time has elapsed to insure that all data has 
arrived. 

Logic Interface 
During the design of the NE527 and NE529 
devices, particular attention was paid to the 
biasing network so that balanced supplies 
need not be provided. For example, H the 
"ground" terminal is set at - 5.2V and the 
other supplies are adjusted accordingly, the 
output logic 1 state will be at -1.5V and logic 
o will be at -5.0V. With this freedom of power 
supply voltage, the user may adjust the output 
swings to match the desired logiC levels even 
if that logic is other than TTL levels. 

ECL-to-TTL Interface 
Emitter-coupled logic is very popular due to 
its speed. Systems are often built around 
standard TTL logic with those portions requir
ing higher speed being Implemented with 
emitter-coupled logic. As soon as such a 
decision Is made the problem of interfacing 
TTL-te-ECL logic levels is encountered. 
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Figure 15. 3-811 Parallel AID Converter 

The standard logic output swings of ECL are 
-O.8V to -1.8V at room temperature. Con
verting these signals to TTL levels is accom
plished simply by using the basic voltage 
comparator circuit with slight modifications. 
Figure 18 reveals that the power supplies 
have been shifted in order to shift the com
mon-mode range more negative. This insures 
that the common-mode range is not ex
ceeded by the logic inputs. Since EeL Is 
extremely fast, the NE529 is usually selected 
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because of its superior speed so that a 
minimum of time is lost in translation. 

TTL-to-ECL INTERFACE 
Operating in the reverse. TTL levels can also 
be converted to ECL levels by the NE529. 
Again the NE529 is selected as the fastest 
converter with the necessary power supply 
flexibility to accomplish the level shifting with 
a minimum of effort and cost. 

A check of output voltage for the NE529 
reveals that the voltage is slightly less than 

I 
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required by the ECl logic for fast switching. 
R2 and the diode of Figure 17 raises the gate 
supply voltage and therefore the NE529 out
put voltage by 0.7, sufficient to guarantee fast 
switching of the translator. Resistive pull-up 
from the NE529 output to Vee can also be 
used with the gate supply grounded. This 
method is dependent upon RC time con
stants of distributed capacitance and Is there
fore much slower. 

Photo Diode Detector 
Responding to the presence or absence of 
light, the photo diode increases or decreases 
the current through ~. Detecting the changes 
becomes a matter of converting light and 
dark currents to voltage across a resistor as 
shown in Figure 18. Rl is selected to be large 
enough to generate detectable differences 
between light and dark conditions. Once the 
signal levels are defined by R 1 and the diode 
characteristics, the average between light 
and dark signals is used for V reference and 
is produced by the resistive divider consisting 
of Rl and R2. The comparator then produces 
an output dependent upon .the presence or 
absence of lighl upon the diode. 

SENSE AMPLIFIERS 
Closely related to the comparator is the 
sense amplifier. Signals derived from the 
many sources, such as transducers, are not 
of sufficient amplitude to be compatible with 
subsequent logic. It then becomes necessary 
to amplify and convert the signal to TTL 
levels, which is the responsibility of the sense 
amplifier. 
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Some transducers produce an oulpul current. 
It remains, then, for the user to convert these 
currents to TTL levels. A terminating resistor 
from the drain to ground provides a voltage 
output proportional to the current and the 
resistor size. larger signals can be produced 
by larger resistors; but in practice, resistors 
larger than 1 kSl are avoided because of 
increasing access time. Distributed capaci
tance forms a time constant with this output 
resistance causing slow rise and fall times 
when the resistor is large, adding to the 
access time. 

Virtually any voltage comparator or sense 
amplifier can be used. Since total time is the 
sum of all delays, the sense amplifier is most 
often the fastest available. Signetics compar
ators NE521 and NE522 are ideal In this 
application because of low input offset volt
ages and very fast response. Using these 
Schottky clamped comparators significantly 
reduces the total cycle time of the memory. 

DeSign of the sense amplifier network de
pends upon the transducer used and the 
Input characteristics of the sense amplifier. 
The significant specifications are given in 
Table 1. 

Consideration must first be given to the 
differential input voltage requirements of the 
sense amplifier. The required reference volt
age is calculated from the relationship: 

VAEF <: (IT -la)Rl - VOIFF 

Where IT is the transducer output current, la 
is sense amplifier bias current and VOIFF is 
minimum differential voltage to switch the 
sense amplifier. 

In large systems, noise coupled into the 
sense lines by stray capacitance can be very 
troublesome. Judicious layout patterns w~h 
sense lines as short as possible will help, but 
will not always be sufficient. One method of 
eliminating noise is to use a balance sense 
line as shown in Figure 19. 

A dummy line should be run parallel to the 
actual sense line in as close proximity as 
possible. One end is connected to the sense 
amplifier at the VAEF point while the other end 
is left open. The normal sense line is con
nected as usual. Electrical noise imposed 
upon the pair of sense lines takes the form of 
a common-mode signal and will be rejected 
by the sense amplifier. Signal currents in the 
sense line, on the other hand, form differen
tial signals at the sense amp, causing the 
output to switch. 

Table 1. Important Sense Amplifier Parameters 

DEVICE Vos (mY) la (1lA) VIN (MIN) (mV) 
SPEED (n8) 

GAIN 
(VIN = 100my) 

521 10 40 15 12 5000 
522 10 40 15 15 5000 
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Acquisition Time (tAC) 
The time delay between the 50% (or thresh
old) pOint of the hOld-to-sample transition of 
the sample/hold signal and the point at which 
the output voltage begins to track the input 
voltage to within a specified error band. By 
convention the acquisition time is defined for 
sampling a positive (or negative) full-scale 
input voltage after previously holding a nega
tive (or positive) full-scale output voltage. 

Aperture Delay (tAPO) 
The time delay between the 50% (or thresh
old) point of the sample-to-hold transition of 
the sample/hold signal and the instant at 
which the switch is just opening. This latter 
instant can be defined as the time at which 
the internal control voltage across the switch 
element has moved by 10% of its full voltage 
swing, i.e., the instant at which the switch is 
10% open. 

Aperture Time (tAP) 
The time required for the sample-and-hold 
switch to open. The switch opening time can 
be defined as the interval between the condi
tions of 10% open and 90% open and does 
not include any delays of the sample/hold 
signal through the switch buffer circuitry. 

Aperture Uncertainty (tAPU) 
The range of variation of total aperture delay 
time (see definition below) due to internal 
circuit noise of all forms. 

Charge Transfer (QT) 
The amount of charge transferred to the 
holding capacitor (when switching from the 
sample-to-hold mode) originating from stray 
or parasitic capacitance associated with the 
sample-and-hold switch. Charge transfer is 
directly related to hold step (see definition 
below) by the following relationship: 

VHS(V) = Charge transfer(pC)/CH(pF) 

where VHS is the hold step and CH is the 
holding capacitor. It can be seen that increas
ing CH will reduce VHS, since the charge 
transfer is constant for a given circuit. 

Input Resistance (RIN) 
The large-signal input resistance over the 
specified input voltage range. 

Droop Rate (dVH/dt) 
The rate of change of output voltage while 
the circuit is in the hold mode. It is due to 
leakage currents to, or from, the holding 
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Symbols and Definitions for 
Sample-and-Hold Circuits 

capacitor and can be positive or negative. It is 
related to the droop current, ID (defined 
below), by the following relationship; 

Droop Current (10) 
The current flowing into the CH terminal when 
the circuit is in the hold mode. 

Effective Aperture Delay Time 
(tEAPO) 
The difference between the propagation time 
of the analog input voltage to the sample
and-hold switch and the aperture delay (tAPD)' 
The value of tEAPD may be positive, negative 
or zero. For precise timing of the point on the 
input voltage to be held, the sample-to-hold 
transition of the sample/hold signal must be 
advanced by tEAPD' 

Full Power Bandwidth (fp) 
The maximum frequency at which the full
scale output voltage can be achieved without 
significant distortion. The full power band
width is related to the slew rate, SR (defined 
below) by the following relationship; 

Fp = SR/2rrVcc 

where Vee is the peak value of the input 
signal; i.e., VIN = Veesin(2rrFpt). 

Gain Error 
In a unity gain configuration this is the ratio of 
the difference between the input and output 
voltages to the input voltage expressed as a 
percentage. 

Hold Mode Feedthrough 
A measure of the amount of an input sinusoi
dal voltage that appears at the output of a 
sample-and-hold circuit when it is in the hold 
mode. It is usually expressed as a percentage 
or as an output RMS voltage for a specified 
input RMS voltage. 

Hold Mode Settling Time (tHM) 
The time delay between the 50% (or thresh
old) point of the sample-to-hold transition of 
the sample/hold signal and the point at which 
the output settles to within a specified error 
band of its final value before hold mode droop 
becomes significant. 

Hold Step (VHS) 
The step in the output voltage caused by 
charge transfer (defined above). 
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Input Bias Current (I BIAS) 
The bias current into the input terminal. 

Linearity Error (EL) 
The maximum deviation of the output voltage 
from an ideal straight line drawn between the 
two output voltages corresponding to the 
extremes of the input voltage range. It is 
usually expressed as a percentage of the full
scale input voltage range. 

Output Resistance (Ro) 
The ratio of the change in output voltage to a 
change in output load current in either the 
hold mode or for a fixed input voltage in the 
sample mode. 

Overshoot 
The maximum overshoot of the output volt
age, in the sample mode, when slewing at its 
maximum rate over the full-scale output volt
age range. It is usually expressed as a 
percentage of the full-scale output voltage 
range. 

Power Supply Rejection Ratio 
(PSRR) 
The ratio of the change in power supply 
voltage (over a specified power supply volt
age range LlPSV) to the corresponding 
change in zero-scale error, VZS (defined be
low); it is expressed in dB where 
PSRR(dB) = 2010g(LlPSV/LlVzs). 

Slew Rate (SR) 
The maximum possible rate of change of the 
output voltage, in the sample mode, when 
changing over the full-scale output voltage 
range. 

Total Aperture Delay Time 
(tTAPO) 
The sum of the aperture delay and the 
aperture time. 

Voltage Gain (Av) 
The ratio of the output voltage to the input 
voltage when operating in the sample mode 
and over a specified input voltage range. 

Zero-Scale Error (Vzs) or Input 
Offset Voltage (VOS) 
The difference between the output and input 
voltages when operating in the sample mode 
and in a unity gain configuration. 

I 
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Signetics LF198/LF298/LF398 
Sample-and-Hold Amplifiers 

Linear Products 

DESCRIPTION 
The LF198/LF298/LF398 are monolith
ic sample-and-hold circuits which utilize 
high-voltage ion-implant JFET technolo
gy to obtain ultra-high DC accuracy with 
fast acquisition of signal and low droop 
rate. Operating as a unity gain follower, 
DC gain accuracy is 0.002% typical and 
acquisition time is as low as 61ls to 
0.01 %. A bipolar input stage is used to 
achieve low offset voltage and wide 
bandwidth. Input offset adjust is accom
plished with a single pin and does not 
degrade input offset drift. The wide 
bandwidth allows the LF198 to be in
cluded inside the feedback loop of 1 MHz 
op amps without having stability prob
lems. Input impedance of 1010n allows 
high source impedances to be used 
without degrading accuracy. 

P-channel junction FETs are combined 
with bipolar devices in the output amplifi
er to give droop rates as low as 5mV I 
min with a 11lF hold capacitor. The 
JFETs have much lower noise than MOS 
devices used in previous designs and do 
not exhibit high temperature instabilities. 
The overall design guarantees no feed
through from input to output in the hold 
mode even for input signals equal to the 
supply voltages. 

ORDERING INFORMATION 

Product Specification 

Logic inputs are fully differential with low 
input current, allowing direct connection 
to TTL, PMOS, and CMOS; differential 
threshold is 1.4V. The LF198/LF2981 
LF398 will operate from ± 5V to ± 18V 
supplies. They are available in an 8-lead 
TO-5 package, or an 8-pin plastic DIP . 

FEATURES 
• Operates from ± SV to ± 18V 

supplies 
• Less than 101lS acquisition time 
• TTL, PMOS, CMOS compatible 

logic Input 
• O.SmV typical hold step at 

CH = 0.011lF 
• Low Input offset 
• 0.002% gain accuracy 
• Low output noise In hold mode 
• Input characteristics do not 

change during hold mode 
• High supply rejection ratio In 

sample or hold 

• Wide bandwidth 

APPLICATION 
• The LF198/LF298/LF398 are 

ideally suited for a wide variety 
of sample-and-hold applications, 
including data acquisition, analog
to-digital conversion, 
synchronous demodulation, and 
automatic test setup 

DESCRIPTION TEMPERATURE ORDER CODE 

8-Pin Cerdip -55·C to + 125·C LF198FE 

8-Pin Metal Can -55·C to + 125·C LF198H 

14-Pin Plastic SO Package o to +70·C LF398D 

8-Pin Cerdip o to +70·C LF398FE 

8-Pin Metal Can o to +70·C LF398H 

8-Pin Plastic DIP o to +70·C LF398N 

8-Pin Cerdip -25·C to +85·C LF298FE 

8-Pin Metal Can -25·C to + 85·C LF298H 
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PIN CONFIGURATIONS 

FE, N Packages 

OFFSET LOGIC YOLT_ 2 7 __ Y+Oa LOGIC 

.ur3 BCt. 

Y- 4 5 ounvr 

NOTE: 

TOPYIEW 

H Package 

LOGIC 

y

TOPYIEW 

D Package' 

TOPYIEW 

1. so !!llt non-standard pinouts. 

CD1Q920S 

00108318 

853-0135 86552 
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Sample-and-Hold Amplifiers LF198/LF298/LF398 

FUNCTIONAL DIAGRAM TYPICAL APPLICATIONS 

INPUT / 

81 / 

I " LOGIC 71 LOGIC!t>- / 
REFERENCE L. _________ _ 

6 

HOLD 
CAPACITOR 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Vs Supply voltage 

Maximum power dissipation 
T A ~ 25·C (still-air)S 

F package 
N package 
o package 

TA Oparatlng ambient temperature range 
LFI98 
LF298 
LF398 

TSTG Storage temperature range 

VIN Input voltage 

Logic-ta-Iogic reference differential 
voltage2 

Output short-cIrcuit duration 

Hold capacitor short-circuit duration 

TSOLD Lead soldering temperature (10sec max) 

NOTES: 

OUTPUT 

LDOO"'" 

RATING UNIT 

±18 V 

780 mW 
1180 mW 
1040 mW 

-55 to + 125 ·C 
-25 to +85 ·C 

o to +70 ·C 

-65 to +150 ·C 

Equal to 
supply voltage 

+7, -30 V 

Indefinite 

10 sec 

300 ·C 

1. The maxlmum junction temperature of the LF398 Is 150·C. When operating at elevated ambient 
temperature, the packages must be derated based on the thermal resistance specijied. 

2. Although the differential voltage may not exceed the limits given, the common-mode voltage on 
the logic pins must always be at least 2V below the positive supply and 3V .above the negative 
supply. 

3. Derate above 25·C, at the following rates: 
F package at 6.2mWI'C 
N package at 9.3mW I'C 
o package at 8.3mW I'C 
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Sample-and-Hold Amplifiers LF198/LF298/LF398 

DC ELECTRICAL CHARACTERISTICS Unless otherwise specified, the following conditions apply: unit is in "sample" mode; 
Vs·±15V; TJ-25°C; -11.5V";; VIN";; + 11.5V; CH=O.OIIlF; and RL=10kn. Logic 
reference voltage = OV and logic voltage = 2.5V. 

LF198/LF298 LF398 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

VOS Input offset vo~age4 TJ = 25°C 1 3 2 7 mV 
5 10 mV 

IBIAS Input bias current4 TJ = 25°C 5 25 10 50 nA 
Full temperature range 75 100 nA 

Input impedance TJ = 25°C 1010 1010 n 

Gain error TJ = 25°C, RL = 10k 0.002 0.005 0.004 0.01 % 
Full temperature range 0.02 0.02 % 

Feedthrough attenuation 
TJ = 25°C, Ch = O.OIIlF 86 96 80 90 dB 

ratio at 1 kHz 

Output impedance 
TJ - 25°C, "HOLD" mode 0.5 2 0.5 4 n 

Full temperature range 4 6 n 

"HOLD" step2 TJ - 25°C, Ch - O.OIIlF, VOUT - 0 0.5 2.0 1.0 2.5 mV 

Icc Supply currem4 TJ ";;25°C 4.5 5.5 4.5 6.5 mA 

Logic and logic reference 
TJ = 25°C 2 10 2 10 !lA input current 

Leakage current into hold 
capacitor4 

TJ = 25°C3, "HOLD" mode 30 100 30 200 pA 

tAC Acquisition time to 0.1 % 
aVOUT = 10V, Ch = 1000pF 4 4 IlS 

Ch = O.OIIlF 20 20 !lS 

Hold capacitor charging 
VIN- VOUT-2V 5 5 mA 

current 

Supply voltage rejection 
VOUT=O 80 110 80 110 dB 

ratio 

Differential logic threshold TJ = 25°C 0.8 1.4 2.4 0.8 1.4 2.4 V 

NOTES: 
1. Unless otherwiss specified, the follOWing conditions apply. Unit is in "sample" mode, Vs=±15V, TJ=25"C, -11.5V",VIN"'+11.5V, Ch=O.OI"F, and 

RL = 10kSl LogiC reference voltage = OV arid logiC voltage = 2.5V. 
2. Hold step is ssnsHive to stray capacitive cOlJpling between input logic signals and the hold capacHor. lpF, for instance, will create an additional 

0.5mV step with a 5V logiC swing and a 0.01 "F hold capacHor. MagnHude of the hold stap Is Inversely proportional to hold capacHor value. 
3. Leakage current is measured at a junction temparature of 25°C. The effects of junction temperature rise due to power dissipation or elevated ambient 

can be calculated by doubling the 25"C value for each 11°C increase in chip temperature. Leakage is guaranteed over full input Signal range. 
4. The parameters are guaranteed over a supply voltage of ± 5 to ± lev. 
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Semple-end-Hold Amplifiers 

TYPICAL DC PERFORMANCE CHARACTERISTICS 
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Signetlcs Linear Products 

Sample-and-Hold Amplifiers 

TYPICAL AC PERFORMANCE CHARACTERISTICS (Continued) 

Dynamic Sampling Error 
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LF198/LF298/LF398 

'Hold' Settling Time 
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.Signetics 

Linear Products 

DESCRIPTION 
The NEf8ES060 is a high-performance, 
monolithic sample-and-hold amplifier 
that features high accuracy, low droop 
rate, and fast acquisition times required 
in high-speed data acquisition systems. 

The circuit consists of two high imped
ance buffer amplifiers connected by an 
analog switch. In the sample mode, the 
device is in a non-inverting unity-gain 
configuration. The switch (82) (see 
Block Diagram) is implemented as a 
unique switchable output stage of the 
input buffer which has been optimized 
for fast charging of the hold capacitor 
and a low sample-to-hold step size. In 
the hold mode, the input signal is effec
tively disconnected from the circuit by 
switch 81 to give a low feedthrough, and 
GM2 maintains OV across the switch 82, 
ensuring a low droop rate. The device 
includes a 100pF hold capacitor. If lower 
droop rates and smaller sample-to-hold 
step error is desired at the expense of 
acquisition time, additional hold capaci
tance may be added externally. The 
voltage at the hold capacitor is buffered 
by the output buffer amplifier to drive the 
external load. 

The device utilizes high voltage ion
implanted JFETs to obtain the low droop 
rates. The circuit has been designed to 
minimize the initial zero offset error, 
which is trimmed at the wafer level to be 
less than O.SmV. The NES060 operates 
from ± 9V to ± 17V power supplies. 

February 1987 

NEjSE5060 
Precision High-Speed 
Sample-and-Hold Amplifier 
Objective Specification 

FEATURES PIN CONFIGURATION. 
• Voltage gain 0.99970 
• Low signal non-linearity 0.003S% 

• Low offset error O.SmV 
• F~ acquisition time 850ns 
• Low sample-to-hold step 1mV 
• Low droop rate 0.08/lV I f.I8 

+ 2SoC (SEINES060) 0.08/lV I f.I8 
+ 70°C (NE5060) 2.0/lV I f.I8 
+125°C (SES060) 1S0.0/lV/f.18 

• Internal 100pF hold capacitor 
• TTL CMOS Logic compatible 
• Functional equivalent replacement 

for HA2420, HA2425, HAS320, 
A0583 and SMP11 

APPLICATIONS 
• Precision data acquisition 

systems 
• Of A converter deglitchlng 
• Auto-zero circuits 
• Peak detectors 

ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE 

14·Pin Hermetic Cerdip o to +70·C 

14·Pin Hermetic Cerdip -55·C to + 125·C 
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F packadi' 

TOPYIEW 

ORDER CODE 

NE5060F 

SE5060F 
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Precision High-Speed 

BLOCK DIAGRAM 

A"". 

V,N 0-1-+--1 

14 
TTL 

BUFFER 
SIH 0-1-------1 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Voltage between Vcc and VEE 

VIN Analog input voltage 

VS/H Logic input voltage 

VLC Logic reference voltage 

Isc Output short-circuit duration 

Hold capacitor short-circuit duration 

Maximum power dissipation 
Po T A = 25·C (still-Bir) 1 

F package 

TA Operating temperature range NE5060 
SE5060 

TSTG Storage temperature range 

NOTE: 
1. Derate above 2S"C, at the following rates: 

F package at 9.SmW re. 
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NE/SE5060 

Vce YLclDoN. CH (EXTERNAL) 

13 11 

4 

I 
RATING UNIT 

±36 V 

±15 V 

±15 V 

±15 V 

Indefinite 

60 Sec 

mW 
1190 

o to +70 ·C 
-55 to +125 ·C 

-65 to +150 ·C 
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Precision High-Speed NE/SE5060 

DC ELECTRICAL CHARACTERISTICS Test conditions, unless ?therwise noted: 
Vee = 15V; VEE- -15V; -IOVE;;VINE;;IOV; VLC= OV; VSIH< 0.8V (for sample 
mode); VS/H > 2.0V (for hold mode); CH = Internal; device in sample mode; 
0·CE;;TAE;;+70·C for NE5060; -55·C E;;TAE;;+125·C for SE5060. 

NE5060 SE5060 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Vzs Zero-scale error VIN m OV; TA - 25·C 0.5 0.5 5.0 mV 
TMIN to TMAX 1.0 2.0 3.0 5.0 mV 

IBIAS Input bias current VIN-OV 70 150 70 150 nA 

RIN Input resistance 150 250 150 250 Mil 

VIN=±IOV 
Av Voltage gain TA = 25·C 0.99960 0.99975 0.99960 0.99975 VIV 

TMIN to TMAX 0.99950 0.99965 0.99940 0.99955 VIV 

EL Linearity error VIN=±IOV, RL=5k 0.0035 0.007 0.0035 0.007 % 

VINR Input voltage range .±10.5 ±11 ± 10.5 ± 11 V 

ROUT Output resistance 0.15 0.5 0.15 0.5 il 

ILOAD Output load current VIN - ± 10V; TA - 25·C ±10 ±15 ±10 ±15 mA 
(@ Ro<0.5il) TMIN to TMAX ±8 ±11 ±7 ±11 mA 

VIH Logic "1" voltage 2.0 2.0 V 

VIL Logic "0" voltage 0.8 0.8 V 

IIH Logic input current high VS/H=5V 0.1 0.1 p.A 

IlL Logic input current low VS/H=OV -15 -15 p.A 

EN RMS Output noise DC to 260kHz 250 250 p.V 

Vee Positive supply voltage 13.5 15 16.5 13.5 15 16.5 V 

VEE Negative supply -13.5 -15 -16.5 -13.5 -15 -16.5 V 

Icc Positive supply current 11.5 14 11.5 14 mA 

lEE Negative supply current -11.5 -14 -11.5 -14 mA 

Vee=15V ±5% dB 
PSRR+ Positive supply rejection ratio VIN=OV 85 100 85 100 dB 

VIN=±IOV 80 90 80 90 dB 

VEE--15V ±5% 
PSRR- Negative supply rejection ratio VIN=OV 65 72 65 72 dB 

VIN=±IOV 57 63 57 63 dB 
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Precision High-Speed NEjSE5060 

AC ELECTRICAL CHARACTERISTICS Test conditions, unless otherwise specified: 
Vee = ISV; Vee - -ISV; VIN - OV; VLC - OV; RL - 2kn; CL - SOpF; CH -Internal; 
VS/H = 0.4V (for sample mode); VS/H = 3.SV (for hold mode); TA - + 2S·C. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

SR Slew rate1 16 20 Vlp.s 

Overshoot1 6 % 

BW Full power bandwidth VIN-20Vp_p 260 kHz 

tAO Acquisition time, 1 , 2 8S0 12S0 ns 

tAPO Aperture delay 30 ns 

tAP Aperture time 2S ns 

!Apu Aperture uncertainty 1 ns 

VHT Sample - Hold transient (peak to peak)3 5 15 mV 

tHM Hold mode settling2. 3 75 125 ns 

Ot Charge transfer3 0.1 0.25 pC 

Hold step3, 4 1.0 2.S mV 

TA = +2S·C 0.08 0.2 
p.V/ 
p.s 

dVH/dt Droop rate O·C to +70·C 1.0 2.0 p.V/p.s 
-55·C to +125·C 100 160 p.V/p.s 

TA = +2S·C 8 20 pA 
10 Droop current O·C to +70·C 100 200 pA 

-55·C to +12S·C 10 20 nA 

Hold mode feedthrough VIN = 10Vp_p; 100kHz 2 mV 

NOTES: 
1. VIN = ± 10V step. 
2. To within 1.0mV of its final value (0.01 %). 
3. VS/H (HIGH) = 3.5V; tR = SOns (VIL to VIH). 
4. Can be adjusted to zero. 

February 1987 5·325 

I 



Signetics linear Products 

Precision High-Speed 

APPLYING THE NE/SE5060 
The NE/SE5060 is a high-performance sam
ple-and-hold amplifier. In the track mode the 
device behaves as a non-inverting unity gain 
amplifier. In the hold mode the device holds 
the value of the output voltage that was 
present at the instant the sample-to-hold 
signal goes high. 

Hold Capacitor 
The NE/SE5060 includes an on-chip hold 
capacitor and achieves fast acquisition, low 
hold step, and droop rate which are adequate 
for most high-speed applications. However, if 
a smaller hold step and lower droop rate are 
desired, then an external hold capacitor (CH) 
may be added from Pin 11 to ground (Pin 6). 
The external hold capacitor should have high 
insulation resistance and low dielectric ab
sorption to minimize droop errors. 

If an external hold capacitor is used, then 
additional compensation capacitance of value 
0.03CH should be connected between Pin 8 
and ground. Exact value and type are not 
critical. The additional hold capaCitor will 
reduce the slew rate and increase acquisition 
time. 

V,N 

20k 

rt20k 20k 

~ 
r-

1_-1SV GNDJ 

NOTE: 

Offset Adjustment 
The NE/SE5060 hold step error can be 
adjusted to zero using the offset adjustment 
pins as shown in the 'Typical Connections'. 
The error should be adjusted with the device 
in the hold mode, so that both the initial offset 
error and the hold-step error are nulled to 
zero. If desired, the center-tap of the offset 
adjustment potentiometer may be connected 
to V cc through a 1 Mil resistor in series with 
the center-tap of the potentiometer. 

Layout and Other 
Considerations 
A printed circuit board with ground plane is 
recommended for best performance. Bypass 
capacitors (0.01 p.F to 0.1 p.F ceramic) should 
be provided for each power supply terminal to 
Pin 6 as close to the device as possible. 

The ideal ground connections are as follows: 

- a wide trece between Pin 8 and Pin 13 

- Pin 6 to each power supply ground 

- a separate trace from Pin 6 to the signal 
ground 

- Pin 13 to digital ground. 

NC SlH -
V,N VLC/DaNo 

OFF""" NC 

OFF ..... CH 

Objective Specification 

NEjSE5060 

The hold capacitor (Pin 11) is sensitive to 
stray coupling. Any connection made to this 
pin should be kept short and guarded by a 
ground plane since nearby signal lines or 
power supply voltages will introduce errors in 
the hold mode. 

In unity gain applications requiring no external 
hold capacitor, the NE/SE5060 can directly 
replace the HA2420, HA2425, and HA5320. 
In applications requiring an additional hold 
capacitor, it should be remembered that the 
capacitor should be connected from Pin 11 to 
ground. 

Sample/Hold Input 
Optimum performance is achieved with a 
clean (no ringing) sample-to-hold pulse with a 
rise time between 20ns and 50ns. 

NE/SE5060 is compatible with all logic fami
lies. For TTL and DTL interface, simply 
ground Pin 13. The internal threshold voltage 
is set to 1.4V above the voltage at Pin 13. For 
CMOs and HTL interface, the appropriate 
voltage may be applied to Pin 13. For proper 
operation the voltage applied at Pin 13 must 
be at least 4V below the positive supply and 
3V above the negative supply. 

n SlHPULSE 

rrALGROUNO DIG 

NESOIO ~---l 
~C.( EXTERNAl.) 

VEE NC 

AeoN. Vee ":" 

VOUT CcDMP 
r-- ~--l 

*~:,) 

~VOI1r 
I 

GND 
+

1svl 
CH and CcoMP required only' if external hold capacitance is desired. 

Figure 1. NE5060 Typical Connections 
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DESCRIPTION 
The NE5537 monolithic sample-and
hold amplifier combines the best fea
tures of ion-implanted JFETs with bipo
lar devices to obtain high accuracy, fast 
acquisition time, and low droop rate. 
This device is pin-compatible with the 
LF198, and features superior perfor
mance in droop rate and output drive 
capability. The circuit shown in Figure 1 
contains two operational amplifiers 
which function as a unity gain amplifier in 
the sample mode. The first amplifier has 
bipolar input transistors which give the 
system a low offset voltage. The second 
amplifier has JFET input transistors to 
achieve low leakage current from the 
hold capacitor. A unique circuit design 
for leakage current cancellation using 
current mirrors gives the NE5537 a low 
droop rate at higher temperature. The 
output stage has the capability to drive a 
2kn load. The logic input is compatible 
with TTL, PMOS or CMOS logic. The 
differential logic threshold is 1.4V with 
the sample mode occurring when the 
logic input is high. It is available in 8-lead 
TO-5, S-pin plastic DIP packages, and 
14-pin SO packages. 

BLOCK DIAGRAM 

.. , .... . 

Product Speclflestlon 

FEATURES 
• Operates from ± 5V to ± 18V 

supplies 

• Hold leakage current 6pA @ 

TJ= 25°C 
• Less than 41LS acquisition time 
• TTL, PMOS, CMOS compatible 

logic Input 

• O.SmV typical hold step at 
CH = 0.01#1F 

• Low Input offset: 1MV (typical) 
• 0.002% gain accuracy with 

RL=2kn 
• Low output noise in hold mode 
• Input characteristics do not 

change during hold mode 
• High supply rejection ratio in 

sample or hold 

• Wide bandwidth 

r----- --------------------------1 
I : 
I I ! : 5 OUTPUT 

I I 

': ,/ i 
, .... tt>; j/ ,go I 
LOGIC " i 

MmIlMCE I I L-____________________ , __________ ! 
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PIN CONFIGURATIONS 

N Package 

OFFIIT 2 7 LOCIC ADJUST __ v+O' a LOGIC 

WUT3 Ie.. 

y- 4 & OUTPUT 

TOP VIEW 

D Package1 

TOP VIEW 

NOTE: 
1. so i!I!! non-standard pinouts. 

VosADJ 

HC 

V+ 

oo11630S 

853-1044 86702 
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ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

8-Pin Plastic DIP o to +70'C 

14-Pin Plastic SO o to +70'C 

8-Pin Plastic DIP -55'C to + 125'C 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Vs Voltage supply 

Po Maximum power dissipation 
TA = 25'C (still-air)1 
N package 
D package 

TA Operating ambient temperature range 
SE5537 
NE5537 

TSTG Storage temperature range 

VIN Input voltsge 

Logic to logic reference differential 
voltage2 

Output short circuit duration 

Hold capacitor short circuit duration 

TSOLe Lead soldering temperature (10sec max) 

NOTES: 
1. Derate above 25'C, at the fOllowing rates: 

N package at 9.3mW I'C 
o package at 8.3mW I'C 

NE5537N 

NE5537D 

SE5537N 

RATING UNIT 

±18 V 

1160 mW 
1090 mW 

-55 to +125 'C 
o to +70 'C 

-65 to +150 'C 

Equal to supply 
voltsge 

+7, -30 V 

Indefinite 

10 s 

300 'C 

2. Although the differential voitege may not exceed the limits given, the common-mode voltage on the logic 
pins may be equal to the supply voltages without causing damage to the circuit. For proper logiC operation, 
however, one of the logic pins must always be at least 2V below the positive supply and 3V above the 
negative supply. 
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DC ELECTRICAL CHARACTERISTICS 1 

SE553? NE553? 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Vos Input offset voltage4 TJ - 25°C 1 3 2 7 mV 
Full temperature range 5 10 mV 

IBIAS Input bias current" 
TJ c25°C 5 25 10 50 nA 

Full temperature range 75 100 nA 

Input impedance TJ - 25°C 1010 1010 0 

Gain error TJ - 25°C. 0.002 0.007 0.004 0.01 % 
-10V';;;VIN';;;10V. RL-2kO 

-11.5V';;; VIN';;; 11.5V. 
RL-l0kO 

Full temperature range 0.02 0.02 % 

Feedthrough attenuation 
TJ = 25°C. CH - O.OI/LF 86 96 80 90 dB 

ratio at 1kHz 

Output impedance TJ - 25°C. "HOLD" mode 0.5 2 0.5 4 0 
Full temperature range 4 6 

"HOLD" Step2 TJ = 25°C. CH = O.OI/LF. VOUT - 0 0.5 2.0 1.0 2.5 mV 

Icc Supply current" TJ - 25°C 4.5 6.5 4.5 7.5 mA 

Logic and logic reference 
input current TJ = 25°C 2 10 2 10 /LA 
Leakage current into hold 

TJ = 25°C "hold" mode3 6 50 6 100 pA 
capacit0r4 

Acquisition time to 0.1 % VOUT-l0V. 4 4 /LS CH -loo0pF 
CH-O.Ol/LF 20 20 j.tS 

Hold capacitor charging 
VIN- VOUT=2V 5 5 mA 

current 

SVRR 
Supply voltage rejection 

VOUT=OV 80 110 80 110 dB 
ratio 

Differential logic threshold TJ = 25°C 0.8 1.4 2.4 0.8 1.4 2.4 V 

NOTES: 
1. Unless otherwise specified. the following conditions apply: Un" is in "semple" mode. Vs=±15V. TJ-25"C. -11.5V';;VIN';;II.5V. CH-O.Olllf. and 

RL - 2kn. Logic referance voltage - OV and logic voltage - 2.5V. 
2. Hold step is sensitiva 10 stray capacitive coupling betwaan input logic signals and the held capacitor. lpF. for instence. will create an additional 

0.5mV step with a 5V logic swing and a 0.01 F hold capacitor. Magnitude of the hold step is Invereely proportional 10 hold capacHor value. 
3. Leakage current is measurad at a junction temperatura of 25"C. The effects of junctlcn temperatura rise due to power dissipation or elevated ambient 

can be calculated by doubling the 25"C value for each II"C increase in Chip temparature. Leakage is guaranteed over full input signal range. 
4. These paramaters guaranteed over a supply voltage range of ± 5 to t 18V. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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Output Short·Clrcuit Current 
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Product Spectflcation 
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Gain Error 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 
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Output Droop Rate 
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SAMPLE-AND-HOLD 
For many years designers have used the 
sample-and-hold (or track-and-hold) to oper
ate on analog information in a time frame 
which is expedient. 

By sampling a segment of the information and 
holding it until the proper timing for converting 
to some form of control signal or readout, the 
designer maintains certain freedom in per
forming predetermined manipulative func
tions, Therefore, the sample-and-hold can be 
defined as a "selective analog memory cell". 

The memory is volatile and will also decay 
with time. 

When using the sample-and-hold method for 
evaluating signal information, the designer is 
given the added feature of eliminating outside 
noise elements. With the analog-to-digital 
converter products available today, the "DC 
memory" of the sample-and-hold can be 
easily converted to digital format and further 
incorporated into microprocessor-based sys
tems. 

Parametric evaluation of the sample-and-hold 
will be discussed in the following paragraphs. 

DEFINITION OF TERMS 

Acquisition Time -
The time required to acquire, a new analog 
input voltage with an output step of 10V. Note 
that acquisition time is not just the time 
required for the output to settle, but also 
includes the time required for all internal 
nodes to settle so that the output assumes 
the proper value when switched to the hold 
mode. 

Aperture Delay Time -
The time elapsed from the hold command to 
the opening of the switch. 

Aperture Jitter -
Also called "aperture uncertainty time", it's 
the time variation or uncertainty with which 
the switch opens, or the time variation in 
aperture delay. 

Aperture Time -
The delay required between "HOLD" com
mand and an input analog transition, so that 
the transition does not affect the held output. 

Bandwidth -
The frequency at which the gain is down 3dB 
from its DC value. It's measured in sample 
(track) mode with a small-signal sine wave 
that doesn't exceed the slew rate limit. 

Dynamic Sampling Error -
The error introduced into the hold output due 
to a changing analog input at the time the 
hold command is given. Error is expressed in 
mV with a given hold capacitor value and 
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input slew rate. Note that this error term 
occurs even for long sample times. 

Effective Aperture Delay -
The time difference between the hold com
mand and the time at which the input signal is 
at the held voltage. 

Figure of Merit -
The ratio of the available charging current 
during sample mode to the leakage current 
during hold mode. 

Gain Error-
The ratio of output voltage swing to input 
voltage swing in the sample mode expressed 
as a percent difference. 

Hold Mode Droop -
The output voltage change per unit of time 
while in hold. Commonly specified in V Is, IlV / 
p.s or other convenient units. 

Hold Mode Feedthrough -
The percentage of an input sinusoidal signal 
that is measured at the output of a sample
hold when it's in hold mode. 

Hold Settling TIme -
The time required for the output to settle 
within lmV of final value after the "HOLD" 
logic command. 

Hold Step-
The voltage step at the output of the sample
and-hold when switching from sample mode 
to hold mode with a steady (DC) analog input 
voltage. Logic swing is 5V. 

Sample-to-Hold Offset Error -
The difference in output voltage between the 
time the switch starts to open, and the time 
when the output has settled completely. It is 
caused by charge being transferred to the 
hold capacitor switch as it opens. 

Slew Rate-
The fastest rate at which the sample-and
hold output can change (specified in V / p.s). 

Threshold Level -
That level which causes the switch control to 
change state. 

BASIC BLOCK DIAGRAM 
The basic circuit concept of the sample-and
hold circuit incorporates the use of two (2) 
operational amplifiers and a switch control 
mechanism (which determines sample, hold 
or track conditions). 

The block diagram of the NE5537 is a closed 
loop, non-inverting unity gain sample-and
hold system. The input buffer amplifier 
supplies the current necessary to charge the 
hold capacitor, while the output buffer amplifi
er closes the loop so that the output voltage 
is identical to the input voltage (with consider
ation for input offset voltage, offset current, 
and temperature variations which are com-
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mon to all sample-and-hold circuits, be they 
monolithic, hybrid or modular). 

When the sampling switch is open (in the hold 
mode), the clamping diodes close the loop 
around the input amplifier to keep it from 
being overdriven into saturation. 

The switch control is driven by external logic 
levels via a timing sequence remote from the 
sample-and-hold device (See Figure 1). The 
switch control has a floating reference (Pin 7), 
referred to as the logic reference which 
makes the sample-and-hold device compati
ble to several types of external logic signals 
(TTL, PMOS, and CMOS). The switching 
device operates at a threshold level of I.4V. 

ANAl.OG INPUT 

SAMPLE 5V -rLOGiC 

HOlD ov ----1 INPUT 

v+ 

OUTPUT 

Figure 1. Typical Connect,ion 

The switch mechanism is on (sampling an 
information stream) when the logic level is 
high (Pin 8 is I.4V higher than Pin 7) and 
presents a load of 5MA to the input logic 
signal. The analog sampled signal is ampli
fied, stored (in the external holding capacitor), 
and buffered. At the end of the sampling 
period, the internal switch mechanism turns 
off (switch opens) and the "stored analog 
memory" information on the external capaci
tor (Pin 6) is loaded down by an operational 
amplifier connected in the unity gain non
inverting configuration. This input impedance 
of this amplifier is effectively: 

R ~ RIN(AOl)/(1 + 1/ A) 

where R Effective input 
impedance 

RIN Open-loop input 
impedance 

AOL Open-loop gain 
A AC loop gain 

Therefore, the higher the open-loop gain of 
the second operational amplifier, the larger 
the effective loading on the capacitor. The 
larger the load, the lower the "leakage" 
current and the better the droop characteris
tics. 

In actuality, the amplifiers are designed with 
special leakage current cancellation circuits 
along with FET input devices. The leakage 
current cancellation circuits give better high 
temperature operation. (Remember that the 
FET amplifiers double in required bias current 
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for every 1 0 degree increase in junction 
temperature.) 

Sampling time for the NE5537 is less than 
10j.ts (measured to 0.1 % of input signal). 
Leakage current is 6pA at a rate output load 
of 2kn. 

BASIC APPLICATIONS 

Multiplying DAC 
As depicted in the block diagram of Figure 2, 
the sample-and-hold circuit is used to supply 
a "variable" reference to the digital-to-analog 
converter. As the input reference varies, the 
output will change in accordance with Equa
tion 1, shown in Figure 2. 

Varying the input signal reference level can 
aid the system in performing both compres
sion and expansion operations. The multiply
ing DACs used are the Signetics NE/SE500B; 
however, if the rate of change of the refer
ence variation is kept slow enough, a micro
processor-compatible DAC can be incorpo
rated, such as the NE501 B or the NE5020. 

DATA ACQUISITION SYSTEMS 
As mentioned earlier, the designer may wish 
to operate on several different segments of 
an "analog" signal; however, he is limited by 
the fact that only one analog-to-digital con
verter channel is available to him. Figure 3 
shows the means by which a multiplexing 
system may be accomplished. 

APPLICATION HINTS 

Hold Capacitor 
A significant source of error in an accurate 
sample-and-hold circuit is dielectric absorp
tion in the hold capacitor. A mylar cap, for 
instance, may "sag back" up to 0.2% after a 
quick change in voltage. A long "soak" time 
is required before the circuit can be put back 
in the hold mode with this type of capacitor. 
Dielectrics with very low hysteresis are poly
styrene, polypropylene, and teflon. Other 
types such as mica and polycarbonate are 
not nearly as good. Ceramic is unusable with 
> 1 % hysteresis. The advantage of polypro

pylene over polystyrene is that it extends the 
maximum ambient temperature from B5'C to 
100'C. The hysteresis relaxation time con
stant in polystyrene, for instance, is 
10- 50ms. If A-to-D conversion can be made 
within 1 ms, hysteresis error will be reduced 
by a factor of ten. 

DC ZEROING 
DC zeroing is accomplished by connecting 
the offset adjust pin to the wiper of a 1 kn 
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Figure 2_ Multiplying DAC Application 
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or INTEGRATING TYPE ADC 

Figure 3. Analog Data Multiplexing 

potentiometer which has one end tied to V+ 
and the other end tied through a resistor to 
ground. The resistor should be selected to 
give ",,0.6mA through the 1 kn potentiometer. 

Sampling DynamiC Signals 
Sampling errors due to moving (changing) 
input signals are of significant concern to 
designers employing sample-and-hold cir
cuits. There exist finite phase delays through 
the sample-and-hold circuit causing an input
output phase of differential for moving sig
nals. In addition, the series protection resistor 
(300n to Pin 6 of the NE5537) will add an RC 
time constant, over and above the slew rate 
limitation of the input buffer/ current drive 
amplifier. This means that at the moment the 
"HOLD" ccmmand arrives, the hold capaci
tor voltage may be somewhat different from 
the actual analog input. The effect of these 
delays is opposite to the effect created by 
delays in the logic which switches the circuit 
from sample to hold. For example, consider 
an analog input of 20 Vp_p at 10kHz. Maxi
mum dV/dt is 0.6V/j.ts. With no analog phase 
delay and lOOns 10Qic delay, one could ex
pect up to (0.1 j.tS) (0.6V/ j.ts) ~ 60mV error if 
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the "HOLD" signal arrived near maximum 
dV / dt of the input. A positive-going input 
would give a ± 60mV error. Now assume a 
1 MHz (3dB) bandwidth for the overall analog 
loop. This generates a phase delay of 160ns. 
If the hold capaCitor sees this exact delay, 
then error due to analog delay will be (0.16j.tS) 
(0.6V/j.ts) = -96mV (analog) for a total of 
-36mV. To add to the confusion, analog 
delay is proportional to hold capacitor value, 
while digital delay remains constant. A family 
of curves (dynamic sampling error) is included 
to help estimate errors. 

A curve labeled "Aperture Time" has been 
included for sampling ccndltions where the 
input is steady during the sampling period, but 
may experience a sudden change nearly 
ccincident with the "HOLD" ccmmand. This 
curve is based on a 1 mV error fed into the 
output. 

A second curve, "Hold Settling Time," indi
cates the time required for the output to settle 
to lmV after the "HOLD" command. 

• 
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Digital Feedthrough 
Fast rise time logiC signals can cause hold 
errors by feeding externally into the analog 
input at the same time the amplifier is put into 
the hold mode. To minimize this problem, 
board layout should keep logic lines as far as 
possible from the analog input. Grounded 
guarding traces may also be used around the 
input line, especially if it is driven from a high 
impedance source. Reducing high amplitude 
logic Signals to 2.5V will also help. 
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Logic signals also couple to the hold capaci
tor. This hold capacitor should be guarded by 
a PC card trace connected to the sample
and-hold output. This will also minimize board 
leakage. 
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SPECIAL NOTES 
1. Not all definitions herein defined are meaeured 

parametrically for the NE5537, but are legitimate 
terms used in sampie-and-hoid systems. 

2. Reference should be made to Design Engineer
ing, Volumes 23 (Nov. 8, 1978), 25 (Dec. 6, 1978) 
and 26 (Dec. 20, 1978) for articles written by 
Eugene Zuch of Datal Systems, Inc., for a further 
discussion of sampie-and-hold circuits. 

3. Reference also made to National Semiconductor 
Corporation's Special Functions Data Book 
(1976). 



Signetics TDA1535 
High-Speed Sample-end-Hold 
Amplifier 

Linear Products 

DESCRIPTION 
The TDA 1535 is a high-speed sample
and-hold amplifier with a total harmonic 
distortion of 0.001 % and high signal-to
noise ratio. The circuit uses high-speed 
operational amplifiers with new frequen
cy compensation techniques, and a 
switch design that permits a low pedes
tal error. 

The high performance of the circuit 
makes it suita ble for data acquisition 
systems with resolution up to 16 bits, 
such as hi-fi digital audio. 

ORDERING INFORMATION 

Preliminary Specification 

FEATURES 
• Fast acquisition time (2ps typ) 
• Wide bandwidth (2MHz typ) 
• JFET input 
• Low aperture uncertainty time 

(O.5ns) 
• TTL compatible logic inputl 

outputs 
• High SIN ratio (110dB typ) 
• High output current (100mA) 

APPLICATIONS 
• Instrumentation 
• Medical electronics 
• Digital audio 
• Modems 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

16-Pin Plastic DIP -20·C to +70·C TDA1535N 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

V+ Positive supply (Pin 9, 16) 10 V 

V- Negative supply (Pin 10, 15) -10 V 

TSTG Storage temperature range -55 to +150 ·C 

TA Operating ambient temperature range -20 to +70 ·C 

TJ Junction temperature 150 ·C 

BLOCK DIAGRAM 

TDA1S35 
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N Package 
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DC ELECTRICAL CHARACTERISTICS v+ -sv, v_ --sv, TA S +2S"C, unless otherwise specified. 

SYMBOL PARAMETER 

V+ Positive supply voltage 

V- Negative supply voltage 

1+ Positive supply current 

1- Negative supply current 

PTOT Total power dissipation 

THO Total harmonic distortion 

SIN Signal to noise ratio 

G Gain 

TAC Acquisition time to 0.001 % 

IAU Aperture uncertainty time 

B Small signal bandwidth 

dV/dT Droop rate 

VH Hold step (pedestal error) 

VI Input voltage 

VIH Digital input voltage 
VIL 

IIH Digital input current 
IlL 

TYPICAL PERFORMANCE CHARACTERISTICS 

40 

100 

SIN Plus DlstonlOn as a 
Function of Input Signal , 

~. 

'ii!i;;: •• 

""t'. ... 

""" ...... T1M1AIi '" .:.-.... 
- - 18-BlT111EORET1CAL CURVE '" 

-eo o 

LIMITS 
TEST CONDITIONS 

Min Typ 

4 5 

-4 -S 

27 

-27 

270 

20Hz to 20kHz in tracking mode 
-100 

with. 8-Vp.p signal 

20Hz to 20kHz in tracking mode 
110 

with 8-Vp.p signal 

Tracking mode -1 

8V step 2 

2 

50 

2 

Hold mode 2.0 
Track mode 0 

Hold mode 
Track mode 

SIN Plus Distortion as a 
FunctIOn of Acquisition Time 

88 

88 V r-

{ c~ -~p~ t,.-lkHz -
",-44kHz 

eo 

78 

2 4 8 

tACQ,"", 

CP''''''' 
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UNIT 
Max 

8 V 

-8 V 

mA 

mA 

mW 

dB 

dB 

VIV 

/.IS 

0.5 p.A 

MHz 

TBD mVls 

TBD mV 

±4 Vp.p 

V+ V 
0.8 V 

20 p.A 
-400 p.A 
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High-Speed Sample-and-Hold Amplifier TDA1535 

CIRCUIT DESCRIPTION 
The sample-and-hold amplifier is a crucial 
part in high resolution AID converter sys
tems. To achieve the performance required of 
a sample-and-hold amplifier in such systems, 
this circuit uses high-speed operational ampli
fiers with new frequency compensation tech
niques, and a specially designed wide-band 
class B output amplifier with high current 
drive capability. The switches are optimized 
for a low pedestal error. The capacitance 
between the two metal layers is used for the 
compensation capacitors. This configuration 
yields a very small voltage coefficient of 
capacitance, or voltage dependance, mini
mizing system distortion. 

The usual solution for frequency compensa
tion in. a two-stage amplifier is pole splitting, 
or having the amplifier split into a transcon
ductance stage followed by a voltage amplifi
er stage. At low frequencies the open-loop 
gain equals the total gain of the two cascaded 
stages, while at higher frequencies the output 
current of the transconductance stage goes 
through the Miller capacitance, resulting in a 
first-order response. 

The problem with this technique is the rela
tively low bandwidth of the lateral PNP tran
sistors that are usually used in the input 

TDA1535 APPLICATION EXAMPLE 

10k 
ANALOG INPUT O-JV\(V-...... -....:=-I--I 

1k 

February 1987 

stage. This limitation is solved in the 
TDA 1535 by interchanging the transconduc
tance and voltage amplifier stages. Frequen
cy compensation is performed with a feed
forward capacitor from the output of the 
voltage amplifier to the output of the trans
conductance stage. At low frequencies the 
open-loop gain is that of the two cascaded 
amplifiers combined. At higher frequencies 
the compensation capacitor short-circuits the 
transconductance stage, producing a single
stage response. Careful choice of transcon
ductance capacitor value has yielded a nearly 
ideal first-order response. 

This system produces an order of magnitude 
improvement in bandwidth. Note that the 
input and output signals of the second stage 
are in phase. The low output impedance of 
the voltage amplifier removes the danger of 
instability. 

High distortion is the penalty paid for the 
other advantages of this circuit. However, this 
problem is overcome by the addition of anoth
er voltage amplifier at the output, again con
nected as a Miller integrator. The amplifier 
now consists of a voltage amplifier stage, 
followed by a transconductance stage, fol
lowed by a voltage gain stage. The result is 

22 

TDA1635 

1k 

270k 

three cascaded amplifier stages at low fre
quencies. 

Frequency compensation is obtained with two 
capacitors. At hill her frequencies the output 
current of the transconductance stage flows 
through the Miller capacitor. At even higher 
frequencies the feed-forward capacitor 
comes into play. Together with the Miller 
integrator, a capacitive inverter is formed, 
resulting in the output voltage of the first 
amplifier stage appears at the output of the 
capacitive inverter. Careful choice of the two 
capacitor values and the value of transcon
ductance yields a very nice first-order re
sponse with large bandwidth. 

Feed-forward systems, however, have a 
problem with inexact frequency compensa
tion due to the inaccurate cancellation of the 
pole-zero pair, resulting in slow-setting of the 
amplifier. This design uses a high feed-for
ward takeover frequency to achieve a negligi
ble influence on overall system performance. 

Wide-band op amps need wide-band output 
stages if they are to be useful. Standard 
complementary circuits cannot be used be
cause of frequency limitations in lateral PNP 
transistors. Therefore, an all-NPN output 
stage with feed-forward frequency compen
sation has been designed for this circuit. 

100pF 

>----I.!--4 OUTPUT 

18 

100pF SAMPLE/HOLD -SY 
CONTROL 

+5Y 
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Signetics NE5520 
LVDT Signal Conditioner 

Linear Products 

DESCRIPTION 
The NE5520 is a signal conditioning 
circuit for use with Linear Variable Differ
ential Transformers (LVDT). The chip 
includes a low distortion amplitude sta
ble sine wave oscillator with programma
ble frequency to drive the primary of the 
LVDT; a synchronous demodulator to 
convert the LVDT output amplitude and 
phase to position information; and an 
output amp to provide gain and filtering. 

ORDERING INFORMATION 

Product Specification 

FEATURES 
• Oscillator frequency: 1 kHz to 

20kHz 

• Low distortion 
• Capable of ratlometrlc operation 
• Single supply operation SV to 

20V or dual supply ± 2.SV to 
±10V 

• Low power consumption 

APPLICATIONS 
• LVDT signal conditioning 
• RVDT signal conditioning 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

14-Pin Plastic DIP o to +70·C NE5520N 

16-Pin SO Package o to +70·C NE5520D 

16-Pin Ceramic DIP o to +70·C NE5520F 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Vs Supply voltage +20 V 

Split supply voltage ±10 V 

TA Operating temperature range o to +70 ·C 

TSTG Storage temperature range -65 to +165 ·C 

Po Power Dissipation 1 840 mW 

NOTES: 
1. Supplied only in large SO (Small Outline) package. See package diagram. 
2. Pin numbers are for N package. . 
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PIN CONFIGURATIONS 

0', F Packagea 

N Package 

CD13041$ 

NOTE: 
1. SOL - Released In large SO package only. 
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LVDT Signal Conditioner NE5520 

BLOCK DIAGRAM 

12 

11 

10K 
FEEDBACK 

c. 13 SINE 0iC DSC CONY. 

10 
osc 

VRa'12 

+V 

LlIDTIN 

DEMOD 
OUT 

-IN 

I SYNC 

+IN 

OUT 

":" 
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Signetics Unear Products Product Specification 

LVDT Signal Conditioner NE5520 

DC ELECTRICAL CHARACTERISTICS T A = 25'C, VR = V+ = 10V, unless otherwise specified. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Icc Supply current Over temperature 7.0 10 mA 

IREF Reference current Over temperature 5.5 10 mA 

VREF Reference voltage range Over temperature 5 V+ V 

Po Power dissipation 120 220 mW 

Oscillator section 

Oscillator output 
VR 

VRMS 
8.7 

Sine wave distortion 4 % 

Initial amplitude error ±3 % 

Tempco of amplitude 0.05 %I'C 

Voltage coefficient of amplitude error 2.5 %IV 

Initial accuracy of oscillator frequency 20 % 

Tempco of frequency error 0.05 %I'C 

Voltage coefficient of frequency 2.5 %IV(VR) 

Oscillator output load current 
15 mARMS 

Over temperature 8 mARMS 

Demodulator section 

E, Linearity error Over temperature 0.05 0.1 % 

Maximum demodulator input Over temperature range 
VR VR 

V --0.5 -+0.5 
2 2 

Demodulator offset voltage Over temperature range 65 mV 

Demodulator input current Over temperature -1000 -300 nA 

V R/2 accuracy Over temperature -3 ±0.5 +3 % 

Auxiliary output amplifier 

Vas Input offset voltage Over temperature -10 10 mV 

IBIAS Input bias current Over temperature range -500 -300 nA 

los Input offset current -100 100 nA 

Av Gain RL = 10kn over temperature 100 VlmV 

SR Slew rate 1.5 VlIlS 

GBW Gain bandwidth Av= 1 1 MHz 

VOUT Output voltage swing RL = 10kn over temperature 1.5 V+ -1.5 V 

Isc Output short-circuit current 50 mA 

NOTE: 
Rating applies to ambient temperatures up to 70'C. Above 70'C derate linearly at 7.6mWrC for the plastic package and 7.3mWrC for the cerdip package. 
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TYPICAL PERFORMANCE CHARACTERISTICS 

IR and 1+ vs Temperature 
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IR and 1+ vs Voltage 
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TYPICAL SINGLE SUPPLY LVOT CIRCUIT 
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Linear Products 

INTRODUCTION 
An LVDT is an electromechanical transducer 
which makes possible the measurement of 
very small motion in a structure or mechanical 
device. Mechanical motion is translated to an 
electrical signal which contains position infor
malion much as a radio frequency carrier 
contains sound information. The position in
formation from the LVDT is contained in the 
phase and amplitude of the output AC wave
form. In order to remove the position informa
tion (demodulation), a system such as is 
shown in block form in Figure 1 must be used. 
Once signal demodulation is achieved, the 
position data may be read out on a meter or 
digital display in addition to being processed 
by microprocessor or computer. The 
Signetics NE5520 is a Monolithic LVDT Dri
ver-Demodulator designed to interface with 
most LVDTs presently being used in the 
industry. 

Uses will range over a large number of 
potential applications Including the accurate 
measurement of position, pressure, load 
weight, angular poSition and even accelera
tion. Historically, LVDTs have been used in 
the following applications: 

• Load cell 
• Linear motion 

• Torque cell 

• Vibration 
• Fluid pressure 

• Accelerometar 

• Inclinometer 

• Seismic load cell 

Motion may be 

• Linear 
• Rotary 

The NE5520 provides sinUSOidal drive to the 
Linear Variable Differential Transformer 
(LVDT), the output of which is buffered, 
rectified and phase-demodulated to obtain 
both direction and displacement information 
in the form of a DC output signal (Figure 2). 

LVDT LOADING 
Due to the loosely coupled characteristics of 
the typical LVDT, loading effects versus fre
quency may be critical to a successful design. 
The graph (Figure 3a) shows this relationship 
in the form of a family of CUNes relatiVe to 
LVOT core displacement for 400Hz and 
2500Hz. From the CUNes it is obvious that the 

February 1987 

AN118 
Using the LVDT Signal 
Conditioner 
AppllcatlDn NDte 

CORE POSITION 

*:1 · 
SIGNAL OUTPUT 

LVDT ~ 
QorL...=====:P~-(I~ArR_Y __ ~r DISPLACEMENT 

10 
AF .. ""'" 

Figure 1. The LVDT With Sine Wave Excitation and Synchronous Demodulation 

VOUT 

+SIO 
OUTPUT 

DISPLACEMENT 

r----SEC.----. 

ACTUATOROC==~~IIII~;;I1;;~:::I: 
INTERNAL LVDT 

Figure 2. LVDT Syatem Transfer Function 

linearity and output level versus displacement 
is superior for an LVDT operated at 2500Hz 
with a very high impedance load (O.5MO). 
The NE5520 demodulator presenta a very 
high input impedance to the LVDT secondary 
for maximum linearity (Figure 3b). 

5-343 

LVDT INTERFACING: SIGNAL 
CONDITIONING IS REQUIRED 
In order to obtain usable information from the 
LVDT a series of signal-conditioning circuit 
operations are required. First, a stable source 

I 
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LVDT 

D--v...J..JJ--o 
NESS20 

DEMOD 

VR~~(8_) ____________ ~~ __________ ~(1~2~) VR 

0.150 o.oso 0 0.050 0.150 

CORE DISPLACEMENT INPUT 10 VOLTS 

NOTE: NOTE: By permission Schaevitz Engineering 
"Handbook of Measurement and Control" by Herceg. Intemal buffer amp provides high impedance load to secondary. 

a. 

CORE DISPLACEMENT 

• 
o NULL I 

• 
c. 

DEMODULATOR 
OUTPUT 

WAVEFORM 

b. 

Figure 3, Output Characteristics of a Typical LVOT for Various Loads and 
Excitation Frequencies 

of constant frequency excitation voltage must 
be applied to the primary of the LVOT. 

Next, some form of demodulator is needed to 
extract position information from the LVOT 
secondary output signal. A full-wave rectifier 
will provide usable amplitude information 
when adequately filtered; however, relative 
phase Information Is lacking. In order to 
obtain both phase and amplitude information, 
synchronous demodulation Is needed. This 
type of demodulator exists In the Signetics 
NE5520. Once phase and amplitude informa
tion is obtained in the form of a polar full
wave rectified Signal (see Figure 3c) from the 
synchronous demodulator, the carrier compo
nent (actually 2nd harmonic of the carrier plus 
higher-order spectral components) must be 
filtered out, leaving only the true position 
Information. This is accomplished by passing 
the demodulated signal through a low-pass 
active filter. An auxiliary operational amplifier 

February 1987 

is provided for this purpose within the 
NE5520, in addition to adjustable Signal gain 
for proper full-scale output (span adjustment). 
In addition, DC offsets are nulled by a simple 
offset adjustment at the auxiliary amplifier. 
The resulting system Is a complete LVDT 
signal conditioner. Figure 4 shows a block 
diagram of the NE5520. The device will 
operate In a single supply range from 5 to 
20Voc or with split supplies of ± 5 to ± 10Voc. 
A device current, Icc, of 10mA at an operat
Ing voltage of 10V is typical. 

DESCRIPTION OF THE NE5520 
(Figure 4) 
The NE5520 oscillator consists of a triangle 
wave generator, a current source-sink circuit 
which switches when the capacitor voltage 
reaches discrete levels at 1t4 and :t4 VREF. 
The total swing being VREF/2 Vp_p. The trian
gle wave is fed into a non-linear load which 
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generates a sinusoidal waveform with low 
distortion. The sine wave output is then 
buffered by two op amps, the output of which 
appear on Pins 9 and lOin phase opposition. 
This then is the excitation signal for the L VDT 
primary. 

The aecond major functional portion of the 
NE5520 Is the synchronous demodulator and 
this aection performs full-wave rectification in 
phase synchronism (Pin 6) with the above 
oscillator output. In order to extract true 
position information, the phase relationship of 
the LVDT secondary must be obtained. This 
means that as the LVDT core pasaes through 
null an abrupt 180· phase change occurs. 
Once full-wave rectification is accomplished, 
the resulting signal carrier frequency must be 
removed by filtering. Demodulator output ap
pears on Pin 5. This Is accomplished by an 
active filter incorporating the auxiliary op amp 
(Pins I, 2, 3). The Original position information 
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VREF 

12 

10K 

13 
CT osc 

10K 

I. 
+V 81ASCKT 10K 

-: 

DE~~~~5~ ______________ ~~ 

-IN 

+IN 

OUT~+---------~ 

NOTE: 
Pin numbers for N package. 

then appears ripple-free on Pin 1 of the 
auxiliary amplifier. 

Other functions include buffer amplifier feed
back in the oscillator circuit. The loop is 
closed with negative feedback around both 
amplifiers (Pin 10 to 11) operating at unity 
gain. 

The oscillator timing capacitor· controls the 
frequency as shown in the graph, Figure 5. 
The frequency is related by the equation 
fose = 11 OCT("F). Absolute output frequency 
will vary slightly with supply voltage. 

BIASING THE REFERENCE VREF 
(Pin 12) 
The manner in which the VR pin is biased will 
effect the output voltage function of the 
NE5520 and consideration must be given to 
this in order to arrive at an optimum system 
deSign. There are two basic modes of opera
tion involved as listed below: 

1) Ratiometric 

2) Fixed Reference 

February 1987 
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Figure 4. Block Diagram 

0.',.._ 
0.01". 

0.001 '-I-I-UJ-J.1IL--L-J..J.J..wlI-l--U..wIU 

O.OIK lK 10K tOOK 
'0 (HZ) 

0P06100S 

Figure 5_ OSCillator Frequency va 
Capacltsnce 

With the ratiometric mode, Pin 12 (VREF) is 
connected to Pin 14 (+V). Since VR controls 
the DC common-mode voltage of the demod
ulator and the oscillator RMS output, these 
magnitudes will now change with supply volt
age. The DC output from Pin 1, using a Single 
ground-referenced supply, will be ratio metric 
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11 
FEEDBACK 

OSCl 

~8.7 VOLTS RMS 

10 osc J 
VAI2 

LVDTIN 

SYNC 

with the supply voltage and centered within 
the common-mode range of the output ampli
fier when the LVDT transducer is at null. 
Single or dual supply operation will be ratiom
etric when +V is connected to VR. 

The alternate method of biasing is the fixed 
reference mode with Pin 12 (VR) connected 
to a fixed reference voltage such as + 1 OV 
and Pin 14 (+ V) allowed to vary with an 
incoming poorly regulated supply. This might 
occur in automotive applications where bat
tery voltage may vary from 10 to 14V. Howev
er, with a fixed reference driving VR, DC 
voltage at the output will not vary with supply 
but will vary within the common-mode limits of 
the amplifier as the LVDT core traverses its 
path. Output voltage of Pin 1 at LVDT null will 
be VR/2. Thus, for the case mentioned with 
VA = 10V, the null voltage will be +5V. The 
maximum linear swing would be 1.5 - 8.5V 
around this value. The fixed reference mode 
may be used with single or dual supply 
operation. 

I 
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DUAL SUPPLY OPERATION 
When connected to a typical LVDT transduc
er as shown in Figure 6, the NE5520 will 
exhibit an extremely linear transfer function. 
Very important to precision position measure
ment is the inherent repeatability of the sys
tem. The graphs in Figure 7a and b illustrate 
the highly linear transfer func\yon and its 
repeatable accuracy with different supply 
voltages, in this case ± 6V and ± 1 OV. The 
transducer motion was over a range of ± 150 
milliinches each side of the LVDT null. Typical 
DC output signal is Note that linearity remains 
constant, however, full-scale Note that lineari
ty remains constant, however, full-scale out
put varies with supply voltage. This is due to 
the increased excitor drive to the LVDT with 
increased referenca voltage. LVDT output is a 
linear function of excitor amplitude on the 
primary winding. The addition of a single gain 
control may easily be added between Pins 1 
and 3 to reduce gain in order to retain 
constant output for different supply voltages 
(see Figure 8) or VR may be connected to a 
fixed voltage. (See 'Biasing.') 

It is strongly recommended that dual output 
tracking regulatad supplies be used in this 
type of application in order to minimize sys
tem DC offset and impaired measurement 
accuracy due to power supply unbalance. An 
optional circuit capable of automatically track
ing and nulling power supply offset is shown 
in Figure 9. The bipolar output Signal is 
referenced to ground. 
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0_1.00 

~ -2.00 
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a. Transfer Function ± 6V 
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DISPLACEMENT "(milS) 

b. Transfer Function ± 10V 

Figure 7 
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R, 

GAIN= 1+~ 
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SIGNAL 
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Tce, .. " 

Figure 8; Typical Gain Adjust Circuit 

NULLING PROCEDURE 
(Figure g) 
1. Null transducer position by observing Pin 

4 waveform. Set supply voltage for 
±6.00V. 

2. Set offset adjust pot (feeds Pin 3 of 
NE5520) for O.OOVoe at Pin 1 of NE5520. 

3. Adjust offset null pot (NE5512) for zero 
output on Terminal A. 

4. Check for equal voltage ± deflection 
when transducer is displaced equal dis
tances from physical null position. 

5. Adjust tracking control for minimum DC 
output change when either supply is var
ied over operating range at 'A'. 

V' 
9 

1~ 
6 ¢=:I LVDT 

7 

-6V 

OUTPUT SIGNAL 

Figure 6. Typical Measuring System (Ratlometrtc Mode) 
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FIgure 9. Auto PSRR for U.e With Non-Tracking Supplies 
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Figure 10. Typical Single, Supply LVDT Circuit 

5-347 

Application Note 

AN118 

SINGLE SUPPLY OPERATION 
Single-ended supply operation requires a dlf· 
ferent circuit approach to obtain measure
ment system interface. Figure 10 shows a 
typical circuit using a single 10V supply. Note 
that the output (Pin 1) of the NE5520 is now 
floating above ground at approximately VR/2. 
Simple measuring circuits may be realized 
(Figures 11a, b, c) by placing a DC mi
croammeter between Pin 1 and a resistive 
divider creating a bridge readout which is 
ratiometric with supply voltage variations. In 
case more precision is necessary, a buffer 
amplifier may be added between the voltage 
divider or VR/2 and the readout circuit in 
order to minimize offset due to measuring 
circuit loading. DC offset due to internal 
tracking error in the NE5520 may be reduced 
by using the nulling circuit shown in Figure 12. 
Offset sensitivity and its effect on system 
accuracy will be inversely proportional to full
scale signal output of the NE5520 which is a 
function of the DC gain of the auxiliary amplifi
er and LVDT output. A typical full-scale output 
with 10V supply operation is VR/2± 3.5V with 
gain equal to 10. I 
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+V 

a. 

+ vee 

VR 

-vee 

b. 

.v 

c. 

Figure 11. Output Interfacing 
Examples 

MATCHING THE NE5520 TO 
LOW IMPEDANCE LVDTS 
The NE5520 exciter output is capable of 
driving L VDT primary windings with a mini· 
mum impedance of 1 kn. When a Significantly 
lower impedance primary is driven by the 
device some form of step-down impedance 
matching or a power buffer is recommended. 
Figure 13 shows a step·down matching trans-

February 1987 

10K 

VCM- +VcC/2 

SIGNAL 
OUT 

+Vcc 

12 14 

NE5520 

""'""'" 
Figure 12. DC Offset Adjust 

former approach. A transformer with primary 
impedance of approximately 1 kn (audio type) 
wijh the proper secondary impedance to 
match the LVDT primary is used to couple 
oscillator excitation. Depending on the output 
efficiency of the LVDT, output signal losses 
may occur wijh a corresponding loss in mea· 
suring sensitivity. The auxiliary amplifier gain 
may be increased to offset this loss. 

A second approach makes use of a power 
buffer amplifier constructed from discrete 
transistors (2N2222, 2N3644). This circuit 
(Figure 14) results in less signal loss and is 
inexpensive. A DC decoupling capacitor must 
be used to prevent DC offset currents from 
flowing in the LVDT primary winding. A 3dB 
signal reduction is noted when driving a 15n 
load to 6Vp.p (10V operation); and 12Vp.p for 
20V supply. 

+V 

NE5520 TEMPERATURE 
COMPENSATION 
Internal offset voltages Originating in the 
NE5520 synchronous demodulator require 
external compensation to obtain best mea· 
surement accuracy when operating over the 
full temperature range. The circuits shown 
(Figures 15a, b) give a simple approach using 
a thermistor inserted in series with the offset 
null resistors to reduce voltage drift to a 
reasonable level. These tolerances are based 
on ± 3.5V full·scale output for LVDT displace· 
ments each side of physical nUll. A thermistor 
having a positive coefficient of +O.7%fOC is 
used. Obviously, ilthe total divider resistance 
is changed, a different thermistor resistance 
will be required. 

DEMODULATOR DISTORTION 
(OVERDRIVE) 
When the demodulator input exceeds 2Vp.p 
clipping distortion will increase and must be 
avoided by controlling oscillator drive to the 
primary of the LVDT. Figure 16 shows an 
example of a circuit for attenuating primary 
excijation using a lkn potentiometer. 

The procedure for adjusting the level is simply 
to: 
1. Set LVDT core position for maximum 

output from the secondary. 

2. Monijor the waveform on (Pin 5 demodu· 
lator output) and adjust oscillator level for 
the amplitude just below clipping. Nor· 
mally, this should result in a maximum of 
2 Vp.p at Pin 4 of the NE5520 (25°C). 

,-- -, 
LOWZ I I 

~ ........ il~ ! 
I . I 
L 2 D.!.,..J 

FIgure 13. Driving LOw,Z i..VDTs With the NE/SE5520 
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LVDT SECONDARY PHASE 
ANGLE COMPENSATION BY 
EXCITATION FREQUENCY 
The L VDT has a frequency-dependent phase 
shift associated with the particular character
istics of the device and its excitation frequen
cy. This phase shift is in addition to the 180· 
shift which occurs when passing through null 
position. 

By adjusting the frequency of the sine wave 
excitation a condition results which causes 
secondary voltage to be in phase with primary 
excitation. The adjustment of relative primary 
and secondary phase angles has several 
effects. First, if the primary excitation is refer
enced to the synchronous demodulator, as in 
the NE5520, optimum rectification occurs at 
zero phase differential between secondary 
AC phase and demodulator switching relative 
to the waveform zero crossings. Second, 
"Exciting an LVDT at its zero phase angle 
frequency results in minimum sensitivity to 
frequency and temperature variations" 
(Schaevitz Handbook of Measurement and I 
Control, 1976) . 

+0.3 rr-r.,-'-'-rT..,-.,-,.-rT"1 
>" ::l .. 0.2 H-I-+-I-+-+-H-+H-++-I 
• 
~ +0.1 H-I-+-I-+-+-H--±:;:; .... -+-.,... 
~ ,;'r .,. 
i -0.1 H,+-+-I-+..,...,-+-+-H-I-+-I 

g - 0.2 I-+-+-t-++-t . ...,'-++-++++-l 

-0.3 L....L....I....J....J.....L...J..JI....J....l....L.J....l..J....J 
o 10 20 30 40 50 80 70 

TEMPERATURE ·c 

b. Thermlator Temperature 
Compensation. 

""",.,. 
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DEMODULATOR SYNC PHASE 
A second method of phase compensation of 
the NE5520 versus the LVDT Is to use a 
variable phase shift network between the 
oscillator output and the sync input to the 
NE5520. This is shown in Figure 17. The 
oscillator frequsncy remains fixed and the pot 
is tuned for optimum demodulator phasing. 

It is emphasized that an extemal phasing 
adjustment as outlined above is not always 
necessary. Some LVDTs operating in the 
1 - 5kHz range will be near zero phase and 
will need no phase compensation. Experi
mental evaluation of the prototype design 
combined with system specifications will be 
the best means of making this decision. 

The waveform photo in Figures 18a and b 
shows the demodulator output signal when 
phasing of the synchronous demodulator is 
correct (a) and improperly adjusted (b). 

Proper phasing of the sync signal to the 
demodulator results In optimum sensitivity 
and linearity. 

NE5520 LVDT DRIVER 
DEMODULATOR APPLICATIONS 

Operated With a Single Power 
Supply 
The NE5520 may be operated with a single
ended power supply ranging from + 5 to 20V. 

A very simple motion transducer may be 
constructed using the circuit shown in Figures 
19a and b. The output is biased to one-half 
the supply voltage. This requires special inter
face circuitry. for the Signal reedout. One 
simple method is to use a zero center meter 
In a bridge configuration, as shown. Displace
ment now may be measured as a positive or 
negative meter reading. Readout sensitivity is 
a function of the particular LVDT and of the 
gain of the error amplifier. DC offsets may be 
nulled by using a simple offset adjustment 
circuit as indicated. 

The transducer is centered in its displace
ment and the offset adjust pot set for a zero 
meter reading. Once this procedure is com
pleted, the circuit is capable of making meas
urements based on transducer displacement. 
Displacement sensitivity is a function of the 
LVDT transducer rated in volts-par-inch in 
addition to the transfer gain of the NE5520 
demodulator. The input excitation is generally 
a fixed level as is the LVDTtransducer 
transformer ratio. However, the auxiliary gain 
stage may be used to adjust the overall 
system sensitivity. This section of the device 
is also used to obtain a low-pass active filter 
for the smocthlng of demodulator ripple. The 
design examples use a simple VCVS low
pass filter which allows gain and cut-off 
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Figure 18. Limiting LVDT Excitation to Prevent Demodulator Distortion 
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NOTE: 
-Alternate connection may be required for some LVOTs. 

Figure 17. External Phase Adjustment 

frequency to be adjusted independently. Gain 
equals ten in the example. 

Note that using a single supply results in a DC 
common-mode voltage at the output of one
half the reference voltage on Pin 12. This 
voltage, Vf1, may be equal to but not greater 
than the supply voltage on Pin 14. 

LVDT Measuring Circuit Using a 
Dual Supply 
A second mode of operation makes use of 
dual power supply. A common chOice may be 
± 5, ± 6, or ± 10V. Special consideration must 
be made in properly biasing the internal 

5-350 

circuitry to operate under these conditions. 
Figure 20 shows a simple design for working 
with ± 8V supplies. Special provisions for 
minimizing DC power supply offsets may be 
made by using the NE5512 dual op amp as a 
tracking voltage source and difference ampli
fier-output buffer (sea Figure 9). A second 
method Is to use a dual tracking regulator to 
supply the NE5520. 

LVDT In Closed-Loop Servo 
The LVDT provides an excellent method of 
obtaining position information for closed-loop 
servo drive systems. Pressure rollers, hydrau
lic driVers, and motor driVen linear motion 
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transducers are a few of the general applica
tions which may benefit from the accuracy 
and speed of response inherent in the LVOT 
sensor. 

A simple block diagram (Figure 21a) shows 
one possible application in which the NE5520 
with LVOT sensor provides accurate position 
control in a closed-loop servo. Linear motion 
from millimeters to inches of translational 
motion are possible using the LVOT tech
nique. 

In practice, the position voltage may be the 
output of a O/A converter which in tum is 
activated digitally from a controlling micropro
cessor. Keyboard information or software 
commands are translated directly into me
chanical motion (Figure 21 b). 

LVDT SIGNAL TRANSMISSION 
BY CURRENT LOOP 
In certain situations the demodulated output 
Signal must be transmitted over long wires or 
cables before reaching the Signal monitoring 
equipment. The receiver end may consist of 
chart recorders, digital panel meters and 
computers or microprocessors. In some sys
tems, many LVOT signals must be mon~ored 
from different locations, thus requiring vari
able wire length between transmitter and 
receiver producing a different line resistance 
in each case. If voltage feed were used, 
signal accuracy would be affected by line 
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Figura 18. NE5520 Demodulator Phaalng 

resistance. . This need for accurate Signal 
transmission necessitates the use of a cur
rent loop. A current loop develops a current 
exactly in proportion to the demodulated 
LVOT output voltage. It is not affected by line 
resistance within certain limits governed by 
the current generator. 

One method of current loop transmission 
uses the VR/2 common-mode reference to 
create a null balance signal circuit which is 
converted to a bipolar current signal corre
sponding to the LVOT transducer null (i.e. 
physical displacement center null pOSition at 
which zero current occurs). This method is 
shown in Figure 22 and requires the use of an 
external dual op amp, half of which is used to 
provide a buffered reference (VR/2) voltage 
return for the current loop. With R2 = 200.0, 
the current loop sens~iv~ is 5mAIV of input 
signal. In all cases, the current output to the 
loop receiver will remain constant with fixed 
input voltage (LVOT demodulator), even for 
varying line resistance up to 600.0. This 
resistance must include all wire and load 
drops in the loop. Various full-scate current 
limits require different supply voltages and, 
without external supplies, will be limited by op 
amp swing characteristics, for to force a given 
current across RL + R2 results in an ultimate 
voltage limit from the op amp output in the 
current converter as total resistance in
creases. 
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Another method uses an external supply and 
discrete transistor controlled by the closed
loop op amp referenced to shunt resistor RSH 
in the emitter return circuit. This, of course, is 
a unipolar current loop. See Figure 23. 

Some systems in common use require two
wire source to include both the device operat
ing current and the signal loop current. Thus 
the quiescent device current must be nulled 
out at the receiver end, leaving the residual 
signal loop current. The NE5520 is not well 
suited to this particular application since the 
device standby current is approximately 
10mA. 

A current loop operated from supply voltage 
sources at the transducer location is a better 
choice for the operation of an output signal 
loop where long lines must carry locally
generated L VOT signals after demodulation 
back to the monitor site. 

POSITIONING THE NE5520 
LVDT 3-WIRE REMOTE DRIVER 
DEMODULATOR SENSING HEAD 
The NE5520 may be placed in close proximity 
to the LVOT transducer, provided the environ
ment stays within device specifications. This 
physical arrangement allows only DC supply 
and low frequency signal lines (3 wires) being 
run between the transducer-conditioner unit 
and the signal processing station as shown in 
Figure 24. 

• 
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Figure 22. NE5520 With Bipolar Current Loop Output ± 10mA FS - Single Supply Operation 

NOTES: 
• Sensitivity 2mAIV . 
• LVDT null occurs at 10mA outpt. i.e •• haJf4Cale. 
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Figure 24. Positioning the NE/SE5520 LVDT 3-Wlre Remote Demodulator Sensing Head 
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LVDT Signal Conditioner 

Linear Products 

DESCRIPTION 
The SAISE/NE5521 is a signal condi
tioning circuit for use with Linear Vari
able Differential Transformers (LDVTs) 
and Rotary Variable Differential Trans
formers (RVDTs). The chip includes a 
low distortion, amplitude-stable sine 
wave oscillator with programmable fre
quency to drive the primary of the LVDT I 
RVDT, a synchronous demodulator to 
convert the LVDT/RVDT output ampli
tude and phase to position information, 
and an output amplifier to provide ampli
fication and filtering of the demodulated 
signal. 

ORDERING INFORMATION 

Product Specification 

FEATURES 
• Low distortion 
• Single supply SV to 20V, or dual 

supply ± 2.SV to ± 10V 
• Oscillator frequency 1kHz to 

20kHz 
• Capable of ratlometrlc operation 
• Low power consumption (182mV 

typ) 

APPLICATIONS 
• LVOT signal conditioning 
• RVOT signal !X)ndltlonlng 
• LPOT signal conditioning 
• Bridge circuits 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

18-Pin Plastic DIP o to +70·C NESS21N 

18-Pin Cerdip o to +70·C NESS21F 

16-Pin SO DIP o to +70·C NESS21D 

18·Pin Plastic DIP -40·C to + 8S·C SASS21N 

is-Pin Cerdip -5S·C to +12S·C SESS21F 

16·Pin SO DIP -40·C to +8S·C SA5S21D 

BLOCK DIAGRAM 

..-______ -=~--+"15:..o FEEDBACK 

CT 

RT e>.!:+--...J '--_+ ___ -1"'14:..0 OSC 

y+ '--___ ~~-__ ~-~----I~u:"OY~ 

-IN '----~NV--Ip..o GND/Y-

+IN r---'l.----~~ LVDTIN 

~: <>-"+-___ ...J L __ J---~~·o() _C 

DEIIODOUT 

NOTE: 
Pin numbers are for F, N packages. 
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LVDT Signal Conditioner NE/SA/SE5521 

PIN DEFINITIONS FOR D, F AND N PACKAGES 

PIN NO. 
SYMBOL DEFINITION 

D F, N 

1 1 Amp Out Auxiliary Amplifier Output. 
2 2 +IN Auxiliary Amplifier non-inverting input. 
3 3 -IN Auxiliary Amplifier inverting input. 
4 4 LVDT IN Input to Synchronous Demodulator from the LVDT/RVDT secondary. 
5 5 DEMOD Pulsating DC output from the Synchronous Demodulator output. This voltage should be 

OUT filtered before use. 
6 6 SYNC Synchronizing input for the Synchronizing Demodulator. This input should be connected to 

the OSC or OSC output. Sync is referenced to VREF/2. 
7 7 GND Device return. Should be connected to system ground or to the negative supply. 
8 8 NC No internal connection. 
- 9 NC No internal connection. 
- 10 NC No internal connection. 
9 11 RT A temperature stable 18kSl resistor should be connected between this pin and Pin 7. 

10 12 VREF/2 A high impedance source of one half the potential applied to VREF. The LVDT IRVDT 
secondary return should be to this point. A bypass capacitor with low impedance at the 
oscillator frequency should also be connected between this pin and ground. 

11 13 OSC Oscillator sine wave output that is 180· out of phase with the OSC signal. The LVDT/RVDT 
primary is usually connected between OSC and OSC pins. 

12 14 OSC Oscillator sine wave output. The LVDT/RVDT primaries are usually connected between OSC 
and OSC pins. 

13 15 FEEDBACK Usually connected to the OSC output for unity gain, a resistor between this pin and OSC, 
and one between this pin and ground can provide for a change in the oscillator output pin 
amplitudes. • 14 16 VREF Reference voltage input for the oscillator and sine converter. This voltage MUST be stable 
and must not exceed + V supply voltage. 

15 17 ~ Oscillator frequency-determining capacitor. The capacitor connected between this pin and 
ground should be a temperature-stable type. 

16 18 +V Positive supply connection. 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Vee Supply voltage +20 V 

Split supply voltage ±10 V 

TA Operating temperature range 
NE5521 o to +70 ·C 
SA5521 -40 to +85 ·C 
SE5521 -55 to +125 ·C 

TSTG Storage temperature range -65 to +150 ·C 

Po Power dissipation 1 910 mW 

NOTE: 
1. For derating, see 1ypical power dissipation versus load curves (Figure 1). 
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LVDT Signal Conditioner NE/SA/SE5521 

DC ELECTRICAL CHARACTERISTICS v+ -VREF-l0V, TA=O to 70°C for NE5521, TA=-55 to + 125°C for SE5521, 
T A = -40 to + 85°C for SA5521, Frequency - 1 kHz, unless otherwise noted. 

NE5521 SA/SE5521 
SYMBOL PARAMETER CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Vee Supply current 12.9 20 12.9 18 mA 

IREF Reference current 5.3 8 5.3 8 mA 

VREF Reference voltage range 5 V+ 5 V+ V 

Po Power dissipation 182 280 182 260 mW 

Oscillator Section 

Oscillator output RL = 10kO 
VREF VREF 

VRMS 
8.8 8.8 

THO Sine wave distortion No load 1.5 1.5 % 

Initial amplitude error TA = 25°C 0.4 ±3 0.4 ±3 % 

Tempco of amplitude 0.005 0.01 0.005 0.01 %I"C 

Init. accuracy of oscillator freq. TA = 25°C ±0.9 ±5 ±0.9 t5 % 

Temperature coeff. of frequency 1 0.05 0.05 %I"C 

Voltage coeff. of frequency 2.5 3.3 
%1 

V(VREF) 

Min OSC (<5SC) Load 2 300 170 300 170 =Om 

Demodulator Section 

Or Linearity error 5Vp.p input to.05 ±0.1 to.05 to.l %FS 

Maximum demodulator input 
VREF VREF 

Vp.p 
2 2 

Vos Demodulator offset voltage t 1.4 t5 t 1.4 t5 mV 

TCVos Demodulator offset voltage drift 5 25 5 25 /lVI"C 

ISlAS Demodulator input current -600 -234 -500 -234 nA 

VR/2 accuracy to.l tl to.l tl % 

Auxiliary Output Amplifier 

Vos Input offset voltage to.5 t5 to.5 ±5 mV 

ISlAS Input bias current -600 -210 -500 -210 nA 

los Input offset current 10 50 10 50 nA 

Av Gain 100 385 100 385 V/mV 

SR Slew rate 1.3 1.3 VI/ls 

GBW Unity gain bandwidth product Av= 1 1.6 1.6 MHz 

Output voltage Swing RL= 10kO 7 8.2 7 8.2 V 

Output short circuit current to ground or 
TA = 25°C 42 100 42 100 mA to Vee 

NOTES: 
1. This is temperature coefficient of frequency for the device only. It is assumed that Or and RT are fixed in value and CT leakage is fixed over the 

operating temperature range. 
2. Minimum load Impedance for which distortion is guaranteed to be less than 5%. 

February 24, 1987 5·360 



Signetics Linear Products Product Specification 

lVDT Signal Conditioner NEjSAjSE5521 

DEFINITION OF TERMS 

Oscillator Output 

Sine Wave Distortion 

Initial Amplitude Error 

Initial Accuracy of Oscillator 
Frequency 

Tempco of Oscillator 
Amplitude 

Tempco of Oscillator 
Frequency 

Voltage Coeffecient of 
Oscillator Frequency 

Min OSC (OSC) Load 

Linearity Error 

Maximum Demodulator Input 

APPLICATION INFORMATION 

VREF-1.3V asc frequency = --"==-----::
VREF(RT + 1.5k)~ 

RMS value of the AC voltage available at the oscillator output pin. This output is referenced to 
VREF/2 and is a function of VREF. 

The Total Harmonic Distortion (THO) of the oscillator output with no load. This is not a critical 
specification in LVDT IRVDT systems. This figure could be 15% or more without affecting system 
performance. 

A measure of the interchangeability of NE/SAlSE5521 parts, not a characteristic of anyone 
part. It is the degree to which the oscillator output of a number of NE/SA/SE5521 samples will 
vary from the median of that sample. 

Another measure of the interchangeability of individual NE/SAlSE5521 parts. This is the degree 
to which the oscillator frequency of a number of NE/SAlSE5521 samples will vary from the 
median of that sample with a given timing capacitor. 

A measure of how the oscillator amplitude varies with ambient temperature as that temperature 
deviates from a 25°C ambient. 

A measure of how the oscillator frequency varies with ambient temperature as that temperature 
deviates from a 25°C ambient. 

The degree to which the oscillator frequency will vary as the reference voltage (VREF) deviates 
from +10V. 

Minimum load impedance for which distortion is guaranteed to be less than 5%. 

The degree to which the DC output of the demodulator I amplifier combination matches a change 
in the AC signal at the demodulator input. It is measured as the worst case nonlinearity from a 
straight line drawn between positive and negative fullseale end points. 

The maximum signal that can be applied to the demodulator input without exceeding the 
specified linearity error. 
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Figure 1. Device Power Dissipation vs OSC • OSC Load at +25°C Figure 2. Oscillator Frequency Variation 
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Photoelectric light sources and detectors are 
widely used for detecting motion and the 
absence or presence of objects. The major 
advantage with photoelectric sensors is that 
one can sense the target without making any 
physical contact with it. Although the NE5521 
chip is designed to interface with position 
transducers, it is possible to take advantage 
of the chip's functional blocks to configure a 
transmitter and a receiver for a modulated 
light source device (see Figure 1). 

By using an incandescent light source (or an 
LED because of its long life) and a photosen
sor which produces current in response to the 
infrared (IA) light striking it, a transimpedance 
amplifier will convert the photosensor current 
to voltage. However, there are several disad
vantages with the above approach. Incandes
cent light source devices cannot be used 
outdoors in the sunlight or near high intensity 
sources such as welding arcs, strobe lamps, 
and mercury lamps, because the I R light 
radiated from such sources can provide a 
false output at the receiver. Also, they are 
generally not recommended for applications 
where vibration can cause misalignment be
tween the emitter and the receiver. 

By frequency modulating the transmitter and 
tuning the receiver to respond only to the 
modulating frequency, undesirable modula
tion frequencies can be electronically filtered 
out. Due to the high degree of ambient light 
rejection and noise immunity, the modulated 
light source devices are thus not significantly 
affected by direct or diffused exposure to 
sunlight or by indirect or diffused exposure to 
mercury lamps or welding arcs. Ambient light 
rejection can be increased further by tuning 
the receiver to look for the proper phase of 
the modulating signal. Modulated light source 
devices also offer the advantage of greater 
scanning distance, greater penetration 
through contaminated environments, and ef
fective use for applications where the emitter 
and! or receiver may be subject to high vibra
tion. 

For the circuit in Figure 1, the oscillator output 
of the NE5521 chip produces a sine wave 
referenced to VRI2 (in this case 5V) which 
causes the LM311 comparator to pulse the 
LED (Light Emitting Diode) at a high current 
level. In response to such an excitation, the 
LED produces high energy infrared pulses 
that can travel long distances and penetrate 
severely contaminated environments. 
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The photodiode in the photoreceiver pro
duces pulsating currents in response to the 
IA light striking it. A pulsed signal thus ap
pears at the anode of the photodiode. The 
uncommitted amplifier of the NE5521 chip is 
configured as an AC-coupled amplifier with 
gain. Keep in mind that ambient light pro
duces a DC voltage at the photoreceiver; 
however, capacitor C1 blocks the DC voltage 
and allows only AC signals to pass through. 
The cutoff frequency is given by the following 
equation: 

At the frequency of interest, you can consider 
the capacitor to be a short circuit. Thus the 
uncommitted amplifier operates as an inverter 
with gain, the gain being determined by the 
ratio of R2 and A 1. Since the non-inverting 
input of the amplifier is connected to the VRI2 
pin, the AC signal ariSing from the photore
ceiver is referenced to VRI2. 

The receiver part of the NE5521 chip is 
comprised of the synchronous demodulator 
which provides precise rectification of the 
amplified photoreceiver signal In sync with 
the modulating signal of the LED. The modu
lating signal of the LED also drives the 
demodulator's comparator, which compares 
the modulating signal with the VRI2 reference 
voltage (Figure 2). When the demodulator's 
sync input signal is below VRI2, the demodu
lator inverts the AC input Signal. When the 
sync signal is above the VRI2 voltage, howev
er, the AC signal passes through the follower 
to the output. As a result, the demodulator's 
full wave rectification occurs in sync with the 
demodulator's input Signal. Synchronously 
rectifying (demodulating) the square wave AC 
signal from the photoreceiver produces a DC 
signal at the demodulator output (Figure 3). A 
simple AC filter at the demodulator output 
filters out any spurious noise and transients 
generated at the switching points. When the 
IA light source is blocked, no AC signal arises 
from the photoreceiver. Thus, the demoqula
tor output Is biased at VRI2 (5V in this case). 
For the circuit in Figure 1, the voltage at the 
output of the filter is 2.9V when the light 
source is uninterrupted. However, the output 
voltage changes to 5V when the light source 
is interrupted. One can thus apply the output 
signal to a level detector that energizes an 
external device, such as a switch or an alarm, 
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whenever an object interrupts the light 
source. 

A timing resistor of fixed value (AT = 18kn) 
and a variable timing capacitor (CT) deter
mine the frequency of the NE5521 chip's 
internal oscillator. The oscillator output sig
nal's frequency (which is also the modulating 
signal of the LED) can be calculated from the 
equation below. 

(VR -1.3V) 
fose = -[V-R-(A:"'T:':'+-1-.5-k"';nc..)~-1 

When the scanning distance between the 
emitter and the receiver is increased, the 
sensitivity of the receiver decreases. There 
are, however, two ways of increasing the 
receiver sensitivity - reducing A3, which has 
the effect of increasing the intensity of the 
pulsed beam, or increasing the gain of the 
uncommitted amplifier, or using a combina
tion of the two. When the gain of the amplifier 
is increased, keep in mind that the output 
swing of the amplifier should not be large 
enough to saturate the amplifier. 

IMPROVE AMBIENT LIGHT 
REJECTION BY PHASE 
DETECTION 
Nearly perfect rejection of ambient light can 
be achieved by tuning the receiver section of 
the NE5521 chip to look for the proper phase 
of the modulating Signal (Figure 4). Here, the 
synchronous demodulator is operated as a 
phase detector. The sine wave signal from 
the oscillator (which is also the modulating 
signal of the LED) is the demodulator input 
signal. The amplified photoreceiver signal 
(referenced to 5.45V) is the sync input of the 
demodulator. When the light source is inter
rupted, the 5.45V at the sync input causes the 
demodulator's comparator to allow the AC 
signal at the demodulator's input to pass 
through to the output. The output filter puts 
out a 5V DC signal (zero-scale voltage). 

When the light source is uninterrupted, how
ever, the demodulator puts out a full-wave 
rectified signal of negative polarity (Figure 5). 
The DC signal at the output filter is the 
negative full-scale voltage ( - VFS) and is less 
than 5V. For any other modulation frequency 
(available from nearby IA sources such as 
welding arcs, strobe lamps, and mercury 
lamps), the output filter's voltage is close to 
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- VFS. False triggering of the receiver in the 
presence of undesirable modulation frequen
cies is thus eliminated since the demodulator 
puts out a 5V DC signal only when the light 
source is completely blocked. The level de-

~ 

~ 
NE5S2I 
i--
I 

I1IM4~F 
~ 

I 
I 10k 
I 
I 
I 10k 

tector can be set up so that a relay or an 
alarm is energized only when the filter's 
output is at 5V. Keep in mind that the gain of 
the uncommitted amplifier should be large 
enough so that the pulsed signal at the sync 

+1OV 

v+ 
18 

6 
DEMOD 
OUT 

6 4 1 
SYNC DE- AMP 

MOD OUT ~'k 
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N01'Elk 
1. IR EmItter - FE-MTEI. microowllch. 
2. IR Receiver - FE·MTRI. mtcroswltch. 

input swings above and below the VR/2 
voltage so as to enable the demodulator's 
comparator to switch the demodulator input 
signal between the follower and the inverter. 

Ra 
2k 
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figure 1_ In a Typical Modulated Ught Source Device, a High Degree of Ambient Ught Rejection can be Achieved 
When the NE5521's Oscillator Is Ueed to Frequency-Modulate an LED and the Demodulator Is Used to Synchronously 

Rectify the Photorecelver's AC Slgnal_ DC Signal Produced by Ambient Ught Is 
Rejected by AC-Coupllng NE5521's Uncommitted Amplifier 
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When the comparator's input is synchronized with the demodulator Input signal, the cIrouit precisefy rectifies the demodulator's Input signal. 
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Figure 2. The NE5521'. Demodulator Circuit Swltche. the Output Une Between an Inverter and a Follower 

NOTE: 

+1 +1 +1 

SYNCIN~ --, r-I r-I v.,. 
SIGNAL L...-...J L...-...J L-.- ov 

I -1 I I -1 I I -1 I 
I I I I I I 

DEMO~ r-I r-I r- v 
INPUT SIGNAL ---I L..--...J L..--...J .,. 

lIIV I I I I I I 

I I I I I I 
I I I I I I DEMODULA1OR 

OUTPUT 
SIGNAL I I I I I I lIIV 

"""',,,. 
However, when the sync Input signal is below VR/2. the demodulator's Input signal appears inverted at the output. By synchronously rectifying a square wave AC signal at 
the demodulator input, the circuit produces a DC signal at the demodulator output. 

Figure 3. When the Demodulator'. Sync Input Signal I. Above VR/2. the Demodulator'. Output Follow. the 
Demodulator'. Input Signal 
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Figure 4. When the NE5521's Receiver Is Tuned to Look for the Proper Phase of the Modulating Signal, 
Optimum Rejection of Undesirable Modulation Frequencies (Produced by High Intensity IR Light 

Sources Such as Welding Arcs, Strobe Lamps, and Mercury Lamps) Can be Achieved 
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Figure 5. When a Sinusoidal Signal at the Demodulator Input That is 180' Out of Phase With the Sync Input Signal I. 
Synchronously Rectified (as is the Case With the Circuit in Figure 4), the Circuit Puts Out a Full-Wave Rectified Signal of 
Negative Polarity. If the Phase Difference Between the Sync Input Signal and the Demodulator Input Signal Changes, the 

Demodulator Output Signal Also Changes Relative to the Phasing of the two Input Signals 
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Position transducers call for a great deal of 
complex inter/ace circuitry for input and out
put signal conditioning. The Signetics NE/ 
SAlSE5521 packs all the inter/ace circuitry 
on one chip and provides a complete mono
lithic solution to all the signal conditioning 
required for position transducers. 

Position transducers are widely used in indus
trial and commercial applications for measur
ing very small displacement or rotation. In 
fact, such transducers can be used for any 
application where a given parameter can be 
converted to linear or angular motion. Weight, 
force, pressure, torque, and acceleration are 
often converted to linear displacement or 
linear rotation using position transducers. The 
displacement or rotation information is next 
conditioned to provide an accurate measure
ment of the parameter. 

SE5521 can inter/ace with all of the popular 
position transducers such as the LVDT, 
RVDT, and LPDT. In addition, by varying the 
arrangement of external components, you 
can also configure a phase detector, an AC 
bridge circuit, and an AC voltmeter. For a 
brief description of the IC, see the section 
entitled "A Look at the Signal Conditioning 
IC." 

IC PROVIDES SINGLE-CHIP 
SOLUTION TO LVDT 
MEASUREMENTS 
Figure 1 a shows a typical single supply LVDT 
displacement measurement circuit. The un
committed amplifier is configured as a sec
ond-order, low-pass Butterworth filter with 
gain. The gain of the amplifier is 1 + RF/(R/ 
2). The 1 k offset adjust potentiometer is used 
to trim out the LVDT /signal conditioner sys
tem offset at null. 

Exciting an LVDT at zero phase angle fre
quency results in minimum null voltage and 
optimum linearity (for a discussion, see "How 
an LVDT Works"). There are two ways of 
reducing null voltage - the first method is to 
adjust the oscillator frequency so that the 
secondary voltage is in phase with the prima
ry excitation. The demodulator and oscillator 
voltage can be monitored on an oscilloscope 
for correct phasing as depicted in Figures 1 b 
and 1 c. A second method of phase compen
sation is to use a variable phase shift network 
between the oscillator output and the sync 
input to the device. An optional phase shift 

February 1987 

AN1182 
Using the NE5521 Signal 
Conditioner in Multi-Faceted 
Applications 
Application Note 

network in Figure 1 a consists of a 20k phase 
adjust potentiometer in series with capacitor 
Ca. The potentiometer is adjusted for correct 
demodulator phasing as illustrated in Figures 
1b and 1c. With Ro = 10k, Co = 2nF, and at 
oscillator frequency, fose - 2900Hz, the 
phase shift is I{) = - tan -1 (wRoCo) = - 20·. 

The LVDT output is referenced to VR/2 by 
tying one end of the secondary to Pin 12 of 
the device. A capacitor between Pin 12 and 
ground provides an AC ground for VR/2. 
Since the output of Pin 12 is a source of high 
impedance, Pin 12 may need to be buffered 
in some applications so as to prevent loading 
effects on the voltage divider. The common 
mode voltage and the RMS value of the 
oscillator signals are determined by VR; con
sequently, VR should be a fixed reference 
voltage. By making V+ greater than VR, the 
output swing of the auxiliary amplifier is in
creased and the filter can accommodate 
higher closed-loop gain. 

The demodulator output has positive polarity 
when the LVDT output signal is 180· out of 
phase with the primary excitation (see Figure 
1 d), and has negative polarity when the LVDT 
output is in phase with the primary excitation 
(see Figure 1 e). The polarity of the demodula
tor Signal indicates on which side of null the 
core is while the amplitude indicates the 
relative displacement of the core from the null 
position. 

Filtered DC output appears at Pin 1 of the 
device. Measurements with 10-bit accuracy at 
- 55·C to + 125·C temperature range are 
easily achieved by the circuit in Figure 1. 

PHASE DETECTOR MEASURES 
PHASE DIFFERENCE WITH 10-
BIT ACCURACY 
The synchronous demodulator easily lends 
itself to phase detection as illustrated in 
Figure 2a. If signals of identical frequency are 
applied to sync input (Pin 6) and to the 
demodulator input (Pin 4), respectively, the 
demodulator functions as a phase detector 
with output DC component being proportional 
to phase difference between the two inputs. 
The signals must be referenced to OV for dual 
supply operation or to VR/2 for single supply 
operation. At ± 5V supplies, the demodulator 
can easily handle 7V peak-to-peak signals. 
The low-pass network configured with the 
uncommitted amplifier provides DC output at 
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Pin 1 of the device. The DC output is maxi
mum (+ full-scale) when V1 and V2 are 180· 
out of phase (see Figure 1d) and minimum 
( - full-scale) when the Signals are in phase 
(see Figure 1 e). At quadrature (I{) = 90·), the 
DC output is OV as shown in Figure 2b. By 
calibrating the - FS, 0, and + FS points, any 
unknown phase difference may be deter
mined by just measuring the DC output at' Pin 
1. A linear relationship between the DC out
put and phase difference is shown by the 
transfer curve in Figure 2c. 

Even though the oscillator signals are not 
utilized in this particular application, the use 
of Or and RT is still recommended in order to 
prevent saturation of active devices in the IC. 

SIGNAL CONDITIONER EASES 
LPDT MEASUREMENTS 
Figure 3 shows a simple dual supply setup for 
LPOT measurements, Op amp IC1 is config
ured as a low-pass filter with cut-off frequen
cy equal to the oscillator frequency of 
2900Hz. The filter attenuates the higher order 
spectral components of the oscillator signal 
and produces a low-distortion sine wave at 
the output. This sine wave excites one prima
ry, while the other primary is excited by a 
cosine wave produced by amp IC2. Amp IC2 
is configured as a constant amplitude lag 
circuit that preserves the amplitude of the 
sine wave input from IC1, but phase shifts the 
signal by 90· at the output. The phase shift, 
I{), is given by I{) = - 2 tan -1 (21rfoseRsCs). 
Thus, at 90· phase shift, fose = 1/ (21TRSCS)' 
Rs is a 10k potentiometer with its center 
wiper tied to one end. The potentiometer is 
tweaked and the wave forms from IC1 and IC2 
are observed on an ocilloscope for 90· phase 
difference and OV at the output of the device 
(Pin 1). The system is now ready to make 
phase measurements as discussed earlier. 

For dual supply operation, both the positive 
and negative supplies should be closely regu
lated since the oscillator common mode volt
age varies with the supplies. 

AC BRIDGE CALIBRATES 
RESISTORS AND CAPACITORS 
WITH 10-BIT ACCURACY 
An AC bridge, shown in Figure 4, provides a 
simple and cost-effective solution to match
ing resistors and capacitors on production 
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lines. Impedances ZA and Zx form a half
bridge. while OSC and ~ excite the bridge 
differentially. The external op amp is a JFET 
input amplifier (LF356) with very low Input 
bias current on the order of 30pA (typical). Cl 
allows AC coupling by blocking the DC com
mon mode voltage from the bridge. while Rl 
biases the oulput of LF356 to OV at DC. Use 
of FET input op amp insure, that DC offset 
due to bias current through R 1 is negligible. 
AC output of the demodulator is filtered via 
the uncommitted amp to provide DC voltage 
for the meter. The 10k potentiometer. Rs. 
limits the current into the meter to a safe 
level. Calibration begins by placing equal 
impedances at ZR and Zx. and the system 
offset is nulled by the offset adjust circuit so 

v. 10V 

v. 
10V 

5100 1000 

R O.47~F 
10k 

that Pin 1 is at OV. Next, known values are 
placed at Zx and the meter deviations are 
calibrated. The bridge is now ready to mea
sure an unknown impedance at Zx with 
± 0.05% accuracy or better. 

RM8-TO-DC CONVERTER 
YIELDS 10-BIT ACCURACY 
An AC voltmeter may be easily constructed 
as in Figure 5; the simplicity of the circuit and 
low component count make it particularly 
attractive. The demodulator output Is a full
wave rectified signal from the AC input at Pin 
4. DC component of the rectified signal at Pin 
5 varies linearly with the RMS input at Pin 4 
and thus provides an accurate RM8-to-OC 

TV 10V 

conversion at the output of the filter (Pin 1). 
Cr Is a variable capacitor that is tweaked until 
the oscillator signal to the sync input of the 
demodulator is in phase with the AC signal at 
Pin 4. 

In many applications it may not be desirable 
to adjust Cr each time the AC signal frequen
cy changes. An allemate approach is to use a 
zero-crossing detector to excite the sync 
input of the device. The LM311 comparator in 
Figure 6 produces a square wave (trace A In 
Figure 6b) in phase with the AC signal (trace 
8). Optimum rectification thus occurs at the 
demodulator output (trace C). For precision 
measurements at high frequencies. a fast. 
low offset comparator is recommended. 
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b. Trace A Is the Oscillator Signal and Trace B Is the 
Demodulator Output Resulting from LVDT Phase Shift 

d. With LVDT Output (Trace B) at 180· Out of Phase With 
Excitation Signal (Trace A), the Demodulator Output 

has Positive Polarity (Trace C) 
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c. Trace B Is the Demodulator OUtput 
After Proper Phase AdJustment 

e. Demodulator Output has Negative PolarHy 
(Trace C) When LVDT Output (Trace B) Is In 

Phase With Primary Signal (Trace A) 

Figura 1 (ContInued) 
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a. Phaae Detector Measures Phase Difference Between Signals V, and V2 and Provides DC Output at Pin 1 

b. When V, and V2 In (a) are at Quadrature (Traces 
A and B), the DC Component of Demodulator Output 

(Trace C) Is at OV 
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a. AC Voltmeter. Comparator CI (LM311), Used as a Zero·Crosslng Detector, Produces a Constant 
Amplitude Square Wave to Excite the Sync Input of the Demodulator. DC Output Appears at Pin 1 

b. Trace B Is the AC Signal at the Comparator and Demodulator Input. The Output of the Zero-Croaslng 
Detector (Trace A) at Sync Input Causes Synchronous Rectification at the Demodulator Output (Traca C). 

Auxiliary Amplifier Filter Produces DC Output at Pin 1 

Figure 8 

February 1987 5·374 

T 



Signetics Linear Products Application Note 

Using the NE5521 Signal Conditioner 
in Multi-Faceted Applications 

AN1182 

APPENDIX I 

A LOOK AT THE SIGNAL 
CONDITIONING IC 
The signal conditioner essentially consists of 
three major blocks: an oscillator with pro
grammable frequency, a synchronous de
modulator, and an auxiliary amplifier (see 
Figure I). 

The oscillator generates a stable amplitude 
sine wave with an RMS value determined by 
a fixed reference voltage, VR, at Pin 16 of the 
device, and referenced to VR/2. Next, the 
oscillator signal is buffered by two high-gain, 
low-offset op amps to produce the buffered 
oscillator signal, OSC, and the inverted sig
nal, OS"C. The OSC and OS"C signals exhibit 
less than SOppmfOC amplitude drift (at -SSoC 
to + 12SoC temperature range) with total 
harmonic distortion under 2%. OSC and OS"C 
signals are used to differentially excite the 
primary of the LVDT/RVDT. A fixed 18k 
reSistor, RT (external to chip), and an external 
timing capacitor, Cr, determine the frequency 
of the oscillator. The oscillator frequency is 
given by the following: fase = (VR -1.3V)/ 
[VR(RT + I.SkO) CrJ. 
The signal conditioner employs a synchro
nous demodulatorulation technique to extract 
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position and phase information of the trans
ducer core. The synchronous demodulator 
block not only conditions the transducer out
put to provide usable information, but also 
provides a very high impedance load to the 
transducer output (on the order of several 
MO for maximum linearity and for relative 
insensitivity to frequency drift (see .. How an 
LVDT Works", Figure iii). Figure II shows how 
the demodulator functions. The oscillator sig
nal, which is also the primary drive for the 
transducer, is tied to the sync input of the 
demodulator. Note that the OSC signal and 
the transducer output (demodulator input) are 
both referenced to VR/2. The sync Signal is 
compared to an internally-generated refer
ence voltage, VR/2. During the first half-cycle, 
as the sync Signal goes above VR/2, the 
demodulator functions as an inverter and, 
thus, the demodulator input appears inverted 
at the output. However, during the second 
half-cycle, as the sync signal goes below 
VR/2, the demodulator functions as a follower 
and, thus, the demodulator input appears at 
the output with unity gain. Full-wave rectifica
tion thus occurs in synchronism with the 
primary drive signal. The amplitude of the 
rectified signal tells the position of the core, 

v+= +10V 

18 18 

while the polarity of the output indicates on 
which side of null the core is. The demodula
tor offset is measured at less than 2mV with 
S/lV fOC offset drift, and linearity error is 
measured at ± O.OS% full-scale (at -SsoC to 
+ 12SoC temperature range). A low offset is 
essential for transducer systems in precision 
applications since a high offset will not only 
mask the transducer nUll, but will also make 
position measurements inaccurate as the am
bient temperature varies. 

Since all readout devices (meters, recorders, 
etc.) are DC input devices, the AC output of 
the demodulator has to be converted to 
filtered DC before being applied to the read
outs. Consequently, an on-chip amplifier may 
be used as an active filter with programmable 
gain for the demodulator output. The filter 
removes the carrier frequency and other high
er-order harmonics from the demodulator out
put and produces a ripple-free DC output. The 
amplifier exhibits an open-loop gain of 380V / 
mV (typical) and O.SmV input offset (typical). 
DC offsets from the transducer/signal condi
tioner system can be nulled by offset adjust
ment at the auxiliary amplifier. The device 
operates from 4.SV to 22V with single supply, 
or ± 2.2SV to ± ltV with dual supplies. 

15 FEEDBACK 
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800at11S 

Figure I. SE5521 Block Diagram 
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Figure II. Synchronous Demodulator Fun-Wave Rectlfl .. tha Demodulator Input Signal In Synchronization With the Sync 
Signal at Pin 6 
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APPENDIX II 

HOW AN LVDT WORKS 
Linear Variable Differential Transformers 
(LVOTs) are position transducers that have 
long been used to measure very small dis· 
placement and any parameter that can be 
converted to linear motion. LVDTs are mutual 
inductance devices consisting of a primary 
winding and a pair of secondary windings that 
are wound on an insulated bobbin, and a non· 
contacting magnetic core capable of free 
motion inside the transformer. The secondar
ies are tied together externally in a series
opposing configuration. 

With AC excitation at the primary, the core 
controls the coupling between the primary 
and the secondaries and produces a differen
tial voltage across the secondaries. The mag
nitude of the voltage across the secondaries 
varies linearly with core displacement and 
contains both the position and phase informa
tion (direction of motion) of the core with 

respect to the center of the secondaries (null 
position). 

W~h the core at null, the voltage induced at 
each secondary is equal and of oppos~e 
phase; thus cancellation occurs, resulting in a 
zero AC output. As the core traverses away 
from the null position, a sinusoidal voltage is 
developed across the secondaries, the ampli
tude of which contains the pOSition informa
tion. Once the core moves through null, a 
180· phase reversal occurs in the output 
signal with respect to the primary signal. 
Direction of the core (phase information) w~h 
respect to the null position is thus indicated 
as illustrated in Figure i. 

In order to obtain any useful information, 
some form of signal conditioning is required. 
Figure Ii shows the DC output of the LVDT as 
a linear function of the core position after 
proper signal conditioning. The output voltage 
of the LVDT is directiy proportional to the 
excitation voltage; therefore, it is essential 
that the exc~ation signals have a constant 
ampl~ude over the operating temperature 

c:Jf----. ACTUATOII 

vo ""'" ov 

n. Vo ------ov 

WF211106 

~~:: core at a, output is in phase with input Output amplitude decreases as core moves from A to B. 

Application Note 

AN1182 

range. Output voltage also varies with the 
excitation frequency. However, the change is 
not directly proportional to frequency, as 
shown in Figure iii. Most LVDTs show a small 
amount of phase shift between the excitation 
signal at the primary and the output signal at 
the secondaries. The phase shift introduces a 
DC offset at null and thus tends to mask the 
LVDT null. The LVDT null voltage may be 
reduced by exciting the primary at a frequen
cy where both the primary Signal and the 
output signal are in phase - this is the zero 
phase angle frequency. Exciting the LVOT at 
~ zero-phase angle frequency optimizes lin
earity and repeatability of the measurements, 
while a high impedance load at the LVDT 
output eliminates the need for frequency 
regulation, as can be observed from Figures 
iiia and iiib. 

Another popular pOsition transducer is the 
Rotary Variable Differential Transformer 
(RVOT). The RVDT operation is analogous to 
the LVDT, except that the core motion is 
rotary. 

2 AC output is zero when core Is at B (null). . 0 of hase with respect to input 
3: OUtput amplitude increases as core moves from B to C. With core at C. output IS 180 out p 

Figure I. The LVDT OUtput Signal Changes Relative to Core Position 
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Figure II. Absolute Magnitude of Output Voltage (Left) and Phase-Referenced Output Voltage (Right) 
as a Function of LVDT Core Position (Courtesy Schaevitz Engineering) 
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SLANTED PRIMARY SECONDARY 
WINDINGS 

LPDT CHANGES PHASE 
INSTEAD OF AMPLITUDE 
A recently developed linear position transduc
er, the LPDT (Linear Phase Differential Trans
former), produces a phase output linear with 
the core motion. The transducer construction 
is similar to the LVDT, the main exception 
being that there are six primary coils which 
are wound on a bobbin at a slant. The 
excitation to the transducer primaries con
sists of a sine wave and a cosine wave of 
equal magnitude. The output at the second
ary is an AC signal of constant amplitude, 
which is the vector sum of the sine and 
cosine excitation signals, with a phase angle 
that varies linearly with core position. Figure A 
shows how the transducer is energized. 

REFERENCES 
1. Handbook of Measurement and Control, 

Revised Edition 1976, by Edward Herceg, 
Schaevitz Engineering Publication, Penn
sauken, New Jersey. 

2. Signetics Linear LSI Data and Applica
tions Manual, 1985 Edition, pg 4-212, 9-
41. Signetics Corporation, Sunnyvale, 
CA, 94086. 
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Figure A_ LPDT with AC Excitation Signals at the Input 

3. Frank Yeaple, "Linear Position Transduc
er Changes Phase Instead Of Ampli
tude", Design News, November 5,1984, 
pg 180. 
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This application note is reprinted from EDN, 
May 29, 1986. @1986 Cahners Publishing 
Company. 
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Differential Output Voltage (Va 
or VA. VT or Vd 
For a differential line driver (i.e., an RS-422 
driver) this is the differential output voltage for 
an input voltage which is a logic HIGH (Vo) or 
LOW rJo). Vo is usually measured with no 
applied output load while VT is the differential 
output voltage with a specified output load. 

Enable 
For line drivers and receivers having an 
~ (or ENABLE) input, the application 
of a specified logic voltage to this input will 
force the outputs into a high resistance (High
Z) state. In this state, the circuit has a minimal 
loading effect on the transmission or bus line 
being driven by the output. 

Fai/safe (FS) 
For line receivers having a FAILSAFE (FS) 
input, the application of specified voltages to 
this input will force the outputs to correspond
ingly specified logic states, VOFS (defined 
below), when fault conditions occur on the 
transmission line. 

Failsafe Output Voltage (VOFS) 
For line receivers: the voltage to which the 
outputs are forcad when specified fault condi
tions occur on the transmission line and when 
a specified voltage is applied to the FAIL
SAFE (FS) input. 

Hysteresis (VH) 
For line receivers: the difference between the 
high and low threshold voltages, VTH and VTL 
(defined below). 

Input Current (liN) 
For a line receiver: the current flowing into the 
transmission line input at a specified input 
voltage. 

Input Clamp Voltage (YCl) 
For a line driver: the input voltage applied to 
an input below which the driver clamps this 
voltage. VCL is specified for a particular cur
rent flowing from the driver into the voltage 
source. 

Input High Current (IIH) 
The current flowing into or out of a logic input 
when a specified logic HIGH voltage is ap
plied to that input. 

February 1987 

Symbols and Definitions for 
Line Drivers 

Input High Threshold Voltage 
(VTH) 
For a line receiver: the differential input volt
age at the transmission line input above 
which the output is in a defined logic state. 

Input High Voltage (VIH) 
The range of input voltages recognized by a 
logic Input as a logic HIGH. 

Input Low Current (Ill) 
The current flowing into or out of a logic input 
when a specified logic LOW voltage is applied 
to that input. 

Input Low Threshold Voltage 
(VTLl 
For a line receiver: the differential input volt
age below which the output is in a defined 
logic state. 

Input Low Voltage (Vll) 
The range of input voltages recognized by a 
logic input as a logic lOW. 

Input ReSistance (RIN) 
For a line receiver: the DC resistance of the 
transmission line input over a specified input 
voltage range. 

Mode 
For line drivers having a MODE input the 
application of specified voltages to this input 
will force the driver outputs to comply with 
correspondingly specified EIA transmission 
standards, e.g., RS-232 or RS-423. 

Open-Circuit Input Voltage 
(VIOC) 
For a line receiver: the voltage to which the 
transmission line input of the circuit reverts 
when no external· connection is made at this 
input. 

Output Current Hlgh-Z (10) 
The current flOWing into or out of an output 
when that output is in a Hlgh-Z state (see 
ENABLE definition). 10 is specified at a partic
ular applied output voltage. 

Output High Voltage (YaH) 
The HIGH voltage at an output (for a driver or 
receiver) for specified load conditions, i.e., RL 
or lOUT, and input voltages. 

6-3 

Output Low Voltage (Val) 
The LOW voltage at an output (for a driver or 
receiver) for specified load conditions, i.e., RL 
or lOUT, and input voltages. 

Output Leakage Current (ICEX) 
The current flowing into or out of an output 
when no power is applied to the circuit. ICEl< is 
specified at a particular applied output volt
age and input conditions. 

Output Resistance (ROUT) 
For a line driver: the output resistance over a 
specified output voltage range. 

Output Short-Circuit Current 
(los) 
The current flowing into or out of an output 
when the output is connected to the genera
tor circuit ground for a line receiver or digital 
ground for a line driver. 

Output Unbalance Voltage 
(IvOHI-lvol~ Ivorl-IV,.!) 
For a line driver: the difference between the 
absolute values of VOH and VOL or VT and 'it. 
Output Offset Voltage (Vas or 
Vas) 
For a differential line driver, i.e. RS-422, the 
difference between the actual voltage at the 
center of the output load and the generator 
circuit ground. Vos is measured with VT at the 
output and 'ii os with 'iiT at the output. 

Propagation Delay (tpxx) 
The time delay between specified reference 
points on the input and output waveforms of a 
line driver or receiver. The symbol X can be 
H, L or Z specifying HIGH, LOW or High-Z, 
respectively; i.e., tpLZ is the propagation delay 
for the output of a line driver to change from 
an output LOW to a High-Z state after the 
application of a signal to the ENABLE input. 

Rise and Fall Times (tR and tF) 
For a line driver: the time delays between the 
10% and 90% points on the rising and falling 
output waveforms follOwing a change in the 
logic voltage at the input. 
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DESCRIPTION 
The MC1488 is a quad line driver which 
converts standard DTLlTTL input logic 
levels through one stage of inversion to 
output levels which meet EIA Standard 
No. RS-232C and CCITT Recommenda
tion V.24. 

CIRCUIT SCHEMATIC 

RI R2 
UK UK 

01 

INPUT ... 
..... .... INPUT 

02 ~ 
03 

U 04 

-
R4 os 
UK r Olr 

":" v 
...... 03 

QS"-....J 
~ 

R8 R8 
10K 7K 

114 CIRCUIT 
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MC1488 
Quad Line Driver 
Product Specification 

FEATURES 
• Current limited output: ± 10mA 

Typ 
• PoweroOff source Impedance: 

soon min 
• Simple sl_ rate control with 

externsl capacitor 
• Flexible operating supply range 
• Inputs are DTL/TTL compatible 

APPLICATIONS 
• Computer port driver 
• Digital transmission over long 

lines 
• Slew rate control 
• TTL/DTL to MOS translation 

v+ 

V 02 ...... ~. D9 

R3 
7011 

R8 
30011 

OUTPUT 

DI'D7 

~~ ~~ ~DI 

V 
....... 04 

R7 
70Q 

v-

TCt33l;1S 
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PIN CONFIGURATION 

D, F, N Packsg .. 

VEE I 

INPUTI 2 

OUTPUT I 3 

INPUT2A • 

INPUT21 5 

OUTPUT2 6 

GNO 7 

\I OUTPUT4 

• INPUT3A 

• OUTPUT I 

co, .... 

853-0933 86552 
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Quad Line Driver 

ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE 

14-Pin Plastic so o to +75·C 

14-Pin Plastic DIP o to +75·C 

14-Pin Ceramic DIP o to +75·C 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Vee Supply voltage V+ 

V-

VIN Input voltage 

VOUT Output voltage 

Po 
Maximum power dissipation, TA - 25·C 
(still-air)' 

F package 
N package 
D package 

TA Operating ambient temperature range 

TSTG Storage temperature range 

TSOLO Lead soldering temperature (10see max) 

NOTE: 
1. Derate above 2S'C, at the following rates: 

F packege at 9.SmW I'C. 
N package at ".4mwrc. 
o package at 8.3mwrc. 

November 14, 1988 

Product Specification 

MC1488 

OROER CODE 

MC1488D 

MC1488N 

MC1488F 

RATING UNIT 

+15 V 

-15 V 

-15" VIN" 7.0 V 

±15 V 

1190 mW 
1420 mW 
1040 mW 

o to +75 ·C 

-65 to +150 ·C 

300 ·C 

I 
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Quad Line Driver MC1488 

DC AND AC ELECTRICAL CHARACTERISTICS V+ =+9.0V ±1%, v- =-9.0V ±1%, TA=O°C to +7S0C, unless otherwise 
specifed. All typicals are for V+ = 9.0V, V- -'-9.0V, and TA = 2SoC1. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS 

Min Typ 

V,H Logic "0" input current V'N=OV -1.0 
V,L Logic "1" input current VI\'.j= +S.OV O.OOS 

V+ =9.0V 

RL =3.0kn V- =-9.0V 6.0 7.0 
VOH High level output voltage 

V'N=0.8V V+ = 13.2V 9.0 10.S 
V- =-13.2V 

V+ =B.OV 

RL = 3.0kn V- =-B.OV -6.0 -6.8 
VOL Low level output voltage 

V'N= I.BV V+ = 13.2V -B.O -10.S 
V- =-13.2V 

Isc+ 
High level output VOUT=OV -6.0 -10.0 
short-circuit current Y,N =0.8V 

Isc-
Low level output YOUTz OV 5.0 10.0 
short-circuit current V'N= I.BV 

ROUT Output resistance 
V+ =V- =OV 

300 
Vour = ±2V 

V+ = B.OV, V- = -B.OV 15.0 
Y,N = 1.9V V+ = 12V, V- =-12V 19.0 

Positive supply current V+ = 15V, V- =-lSV 2S.0 
1+ (output open) V+ = 9.0V, V- = -B.OV 4.S 

Y,N =0.8V V+ = 12V, V- =-12V S.S 
V+ = lSV, V- = -lSV 8.0 

V+ = 9.0V, V- = -9.0V -13.0 
V'N= 1.9V V+ = 12V, V- =-12V -18.0 

Negative supply current V+ = lSV, V- = -15V -25.0 
1-

(output open) V+ = 9.0V, V- = -9.0V -1 
V'N=0.8V V+ = 12V, V- =-12V -1 

V+ = 15V, V-=-lSV -0.01 

Maximum power dissipation, T A = 2S"C (still-air)2 

Po 
F package 
N package 
o package 

tpOl Propagation delay to "1" RL = 3.0kn, CL = lSpF, TA = 25°C 27S 

tpoo Propagation delay to "0" RL = 3.0kn, CL = lSpF, T A = 2S"C 70 

tR Rise time RL = 3.0kn, CL = lSpF, TA = 2SoC 7S 

tF Fall time RL = 3.0kn, CL = lSpF, T A = 2SoC 40 

NOTES: 
1. Voltage values shown are with respect to network ground terminal. Positive current is defined as current Into the referenced pin. 
2. Derate above 25"b, at the following rates: 

F package at 9.SmW/oC. 
N package at 11.4mW rc. 
o package at 8.3mW rc. 
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UNIT 
Max 

-1.6 rnA 
10.0 pA 

V 

V 

V 

V 

-12.0 rnA 

12.0 rnA 

n 

20.0 rnA 
25.0 rnA 
34.0 rnA 

6.0 rnA 
7.0 rnA 
12.0 rnA 

-17.0 rnA 
-23.0 rnA 
-34.0 rnA 

-15 pA 
-15 pA 
-2.S rnA 

1190 mW 
1420 rnW 
1040 mW 

S60 ns 

17S ns 

100 ns 

7S ns 
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Quad line Driver MC1488 

TYPICAL PERFORMANCE CHARACTERISTICS 

I I 
15 ~ V+=12V 

I I: ~st~~$~;;;~V~-~&~-~I~2V~ 
I : 1-1 \-\11-+ \+-+ v + al'!.) ~-I-_ 
8 0 \ V---9V ~ 
!; -3 1\ \ 1\ 
~ -8 ~.~. \\ 

o -I .l. 
I 

}; -12 c:u-"'\........IIL... 
-150 1-..J"'""' I.l...l..~_t--I--+...L...(\ 

-II -12 - 8 - 4 0 4 8 12 18 

Vo OUTPUT VOLTAGE (VI ...., ... 

Output Voltage and Current-Umltlng 
Characteristics 

AC LOAD CIRCUIT 

VIN1f. VOUT 

3K ':" J 15pF-

NOTE: 
"Cl includes probe and jig capacitance. 

SWITCHING WAVEFORMS 

NOTE: 
fA Bnd tF are measured between 10% and 90% of 

the output waveform. 

November 14, 1986 

T2UDTL 114 MCI488 

! 
- ...... -=::t_ID-

INTERCONNECTING 

CAr rZUDTL I:~~~ 

-~-
-<C'1:= 
-~--~-"1:T 

• -+_;;;.S:.:IG;;.;N;;.;A::.L::.G;;.;RO:.;U;.:N:.:D,--+-, 

INTERNAL DATA I,:" 
114 MCI488 

~ TERMINAL ':" 
EQUIPMENT MODEM 

NDTE: 
·Optional for noise filtering 

RS-232C Data Transmission 

APPLICATIONS 
By connecting a capacitor to each driver 
output the slew rate can be controlled utilizing 
the output current-limiting characteristics of 
the MC1488. For a set slew rate the appropri
ate capacitor value may be calculated using 
the following relationship 

C=lsc!AT/AV) 

where C is the required capacitor, Isc is the 
short-circuit current value, and AV I AT is the 
slew rate. 

RS-232C specifies that the output slew rate 
must not exceed 30V I p.s. Using the worst
case output short-circuit current of 12mA in 
the above equation, calculations result in a 
required capacitor of 400pF connected to 
each output. 

6-7 

TYPICAL APPLICATIONS 

DTU 
TTL 

INPUT 

+12V 

10K 

-12V -12V 

MOS 
OUTPUT 
-IOVTO 
-O.4V 

DTL/TTL-to-MOS Translator 

+12V 

TTL OUTPUT 
DTU n/4MCI488 HTL 

INPUT - O.TV TO 
+IOV 

-12V 

DTUTTL-to-HTL Translator 

+12V m/4MCI488 RTl 

D.ir~ OUTPUT 
INPUT - O.TV TO 

+3.7V 

-12V +3.0V-

TC13371S 

DTL/TTL-to-RTL Translator 

• 
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Quad Line Receivers 
Product SpeclnClltl(Jn 

Linear Products 

DESCRIPTION FEATURES 
The MC1489/MC1489A are quad line 
receivers designed to interface data ter
minal equipment with data communica
tions equipment. They are constructed 
on a single monolithic siliCon chip. 
These devices satisfy the specifications 
of EIA standard No. RS-232C. 

• Four totally separata ~Iv.rs 
par package 

• Programmable threshold 
• Built-In Input threshold h"ter.sls 
• "Fall safe" operating mode 
• Inpula withstand ± 30Y 

ORDERING INFORMATION 

DESCRIPTION 

14-Pin Plastic DIP 

14-Pin Plastic DIP 

14-Pin Cerdip 

14-Pin Cerdip 

14-Pin Plastic SO 

14-Pin Plastic SO 

EQUIVALENT SCHEMATIC 

APPLICATIONS 
• Computer port Inpute 

• Modems 
• Eliminating noise In digital 

circuitry 
• MOS-to-TTLlDTL tranalatlon 

TEMPERATURE RANGE ORDER CODE 

o to +70·C MC1489N 

o to +70·C MC1489AN 

o to +70·C MC1489F 

o to +70·C MC1489AF 

o to +70·C MC1489D 

o to +70·C MC1489AD 

(1 4 Of UNIT SHOWN) 
,..--r--t'-O Vee 

NOTES: 
1. MCI489: RF -IOkO 
2. MCI489A: RF - 2kn 

.. ,. ,. 
OuTPUT 

10. 

"---4--4-~-~---OGND 

LD08411S 

PIN CONFIGURATION 

0, F, N Package 

ODI10006 
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Quad Line Receivers MC1489 jMC1489A 

ABSOLUTE MAXIMUM RATINGS VOLTAGE WAVEFORMS 

SYMBOL PARAMETER 

Vee Power supply voltage 

VIN Input voltage range 

lOUT Output load current 

Po 
Maximum power dissipation, 
T A = 25'C (still-air) 1 

F package 
N package 
o package 

TA Operating temperature range 

TSTG Storage temperature range 

NOTE: 
I. Derate above 25'C, at the following rates: 

F package at 9.5mW /'C 
N package at II.4mW /'C 
o package at 8.3mW I'C 

RATING UNIT 

10 V 

±30 V 

20 mA 

1190 mW 
1420 mW 
1040 mW 

o to +75 'C 

-65 to +150 'C 

DC ELECTRICAL CHARACTERISTICS Vee~5.0V ±1%, O'C<S:;TA<S:;+75'C, unless otherwise specified." 2 

MC1489 MC1489A 
SYMBOL PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ 

VIH 
Input high threshold T A = 25'C, VOUT" 0.45V, 1.0 1.5 1.75 
voltage IOUT-10mA 

VIL 
Input low threshold T A = 25'C, VOUT ~ 2.5V, 

0.75 1.25 0.75 
voltage lOUT = -0.5mA 

VIN a +25V +3.6 +5.6 +8.3 +3.6 +5.6 

liN Input current VIN--25V -3.6 -5.6 -8.3 -3.6 -5.6 
VIN-+3V +0.43 +0.53 +0.43 +0.53 
VIN=-3V -0.43 -0.53 -0.43 -0.53 

VOH Output high voltage VIN - 0.75V, lOUT = -0.5mA 2.6 3.8 5.0 2.8 3.8 
Input = Open, lOUT = -0.5mA 2.6 3.8 5.0 2.6 3.8 

VOL Output low voltage VIN = 3.0V, lOUT = 10mA 0.33 0.45 0.33 

lee 
Output short-circuit 

VIN-0.75V 3.0 3.0 
current 

Supply current VIN=5.0V 20 26 20 

Po Power dissipation VIN-5.0V 100 130 100 

NOTES: 
I. Voltage valuea shown are with respect Ie network ground terminal. Positive current is defined as current intc the referenced pin. 
2. These specifications apply for responae control pin - open. 

AC ELECTRICAL CHARACTERISTICS Vee-5.OV ±1%, TA=25'C, unless otherwise specHied.I , 2 

MC1489 MC1489A 
SYMBOL PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ 

tpOl Input to output "high" RL - 3.9kO (AC test circuit) 25 85 25 
Propagation delay 

tpOD Input to output "low" RL - 3900 (AC test circuit) 20 50 20 
Propagation delay 

tR Output rise time RL = 3.9kO (AC test circuit) 110 175 110 

IF Output fall time RL - 3900 (AC test circuit) 9 20 9 

NOTES: 
I. VolIsge values shOwn ara with respect Ie network ground terminal. Positive current is defined as current Inle the referenced pin. 
2. Theee specifications apply for rasponse control pin - open. 
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Max 

2.25 

1.25 

+8.3 
-8.3 

5.0 
5.0 

0.45 

26 

130 

Max 

85 

50 

175 

20 

UNIT 

V 

V 

mA 

V 
V 
V 

mA 

mA 

mW 

UNIT 

ns 

ns 

ns 

ns 
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Signetics Unear Products 

Quad Line Receivers 

AC TEST CIRCUIT 

RESPONSE 
CONTROL 
= OPEN 

TYPICAL APPLICATIONS 

TTL/OTL HMCl488 

OUTPUT VCC 

TC13881B 

1/4UC14'St 
MC1489A TTLIOTL 

=::r ..... p.-
-~-

lo--+-----r---+--C>O--::f"-)o--- ...... -
TTL/OTL 

114MC14891 
Me141U 

INTERCONNECTING 
CABLE 

--<l(-i:---o<:Ir---Ir--------'----+--OI. 
_-1--

NOTE: 

INTERFACE DATA 
TERMINAL 
EQUIPMENT 

"Optional for noise filtering 

SIGNAL GROYND 

RB-232C Data Transmission 

November 14, 1986 

1/4MCl418 

MODEM 
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Product Specification 

MC1489/MC1489A 

SV J. r--..., TTLOTL 

I MOSLOG'C -r-[) 
L.. __ ....J I 

'.4MC14l9 I [" 
Mel4.'A r- I 

I ... 

b 

MOB-to-TTLlDTL Translator 
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Unear Products 

. LINE DRIVERS AND RECEIVERS 
Many types of line drivers and receivers are 
available today. Each device has been de
signed to meet specific criteria. For instance, 
the device may be extremely wide-band or be 
intended for use In party line systems. Some 
Include built-in hysteresis in the receiver while 
others do not. 

The EIA Standard 
The Electronic Industries Association (EIA) 
has produced a number of specifications 
dealing with the transmission of data between 
data tarminal and communications equip
ment. One of these is EIA Standard RS-232C, 
which delineates much information about slg
nallevels and hardware configurations in data 
systems. 

MC148811489 
As line driver and receiver, the MCI488 and 
MCI489 meet or exceed the R8-232C speci
fication. 

Standard RS-232C defines, the voltage level 
as being from 5 to 15V with positive voltage 
representing a logic O. The MCI488 meets 
these requirements when loaded with resis
tors from 3k to 7kn. 

Output slew rates are limited by RS-232C to 
30Vlps. To accomplish this specification, the 
MCI488 is loaded at its output by capaci
tance as shown by the typical hook-up dia
gram of Figure I. A graph of slew rate vs 
output capacitance is given in Figure 2. For 
the standard 30V Ips, a capacitance of 400pF 
Is selected. 

February 1987 

AN113 
Using the MC1488/1489 Line 
Drivers and Receivers 
Application Note 

The short-circuit current charges the capaci
tance with the relationship 

IsCaT c=-
t::N 

Where C is the required capacitor, Isc is the 
short-circuit current value, and a v I aT Is the 
slew rate. 

Using the worst-case output short-circuit cur
rent of 12mA in the above equation, calcula
tions result in a required capacitor of 400pF 
connected to each output to limit the output 
slew rate to 30V Ips in accordance with the 
EIA standard. 

The EIA standard also states that output 
shorts to any other conductor of the cable 
must not damage the driver. Thus, the 
MCI488 is designed such that the output will 
withstand shorts to other conductors Indefi
nitely even if these conductors are at worst
case voltage levels. In addition to output 
protection, the MCI488 includes a 3OOn, 
resistor to ensure that the output impedance 
of the driver will be at least 300n, even if the 
power supply is turned off. In cases where 
power supply malfunction produces a low 
impedance to ground, the 300n resistors are 
shorted to ground also. Output shorts then 
can cause excessive power dissipation. To 
prevent this, series diodes should be included 
in both supply lines as pictured in Figure 3. 

The companion receiver, MCI489, is also 
designed to meet R8-232C specifications for 
receivers. It must detect a voltage from ± 3 to 
± 25V as logic signals but cannot generate an 
input differential voltage of greater than 2V 
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should its inputs become open circuited. 
Noise and spurious signals ere rejected by 
incorporating positive feedback internally to 
produce hysteresis. Featured also in the re
ceiver Is an external response node so that 
the threshold may be externally varied to fit 
the application. Frgure 4 shows the shift in 
high and low trip points as a function of the 
programming resistance. 

APPLICATIONS 
The design of the MCI488 and MCI489 
makes them very versatile with many possible 
applications. The MCI488 output current lim
iting enables the user to define the output 
voltage levels independent of supply volt
ages. Frgure 5 shows the MC1488 as a TTL
to-MOS Translator, while Frgures 6 and 7 
illustrate TTL-to-HTL and TTL-to-MOS Trans
lators. 

The MCI489 response control node allows 
the user to modify the input threshold voltage 
levels. This is accomplished by adding a 
resistor betwaen the response control pin 
and an external power supply. Figure 4 shows 
the shift thus provided. This feature and the 
fact that the inputs are designed to withstand 
± 30V permit the use of the MCI489 for level 
translation as shown in the MOS-to-TTL 
Translator of Frgure 8. This feature is also 
useful for level shifting, as illustrated In Rgure 
9. 

The response control node can also be used 
to filter out high frequency, high energy noise 
pulses. FlQures 10 and II give typical noise 
pulse rejection curves for varicus sized exter
nal capacitors. 

• 



Signetics Uneor Products Application Note 

Using the MC1488/1489 Line Drivers and Receivers AN113 

Figure 1. Typical Une Driver-Receiver Application 

-

1.QL..J..LWIIIL..J.JLWlllu.::IWWU-U.UIIIII ........... 
1 10 1110 _ 1O,CIOO 

CAPACIlMCE(pF) 

Figure 2. OUtput Slew Rate va Load capacltanca 

Figure 3. Protection From Power Supply Malfunction 
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>"~~-r~~~~~~~~~ 

-
I 

-2.0 -1.0 0 .,.0 ~UI +3.0 

VIN INPUTVOLTAGEMIoI 

r·, ::"' ~ i 3,0 ~~ r-r- - ~~~ l A
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-
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VIN INflt.iTVOI.TAGEIWe) 

Figure 4. Hysteresis as a Function of 
Programming Reslatence 
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Using the MC1488j1489 Line Drivers and Receivers 

+'2V 

MOS 

TTL OUTPUT 

INPUT -'OYTO 
-GAY 

,OK 

-,2V -laV 
11:,.,,08 

Figure 5. TTL-ta-MOS Translator 

+,2V n14MC'.... HTL 
TTL OUTPUT 

INPUT _ G.7V TO 
+,OV 

-,2V 

Figura 6. TTL-to-HTL TraMlator 

+12V 1r/4 Me,.... MOS 
TTL OUTPUT 
OUTPUT + 0.7V ro 

-'OV 

-'2V .". 

Figure 7. TTL-to-MOS Translator 

MOS 
.. PUT 

-,ovro 
ov 

~5V. ~4 Me ,_ 

TTL 
OUTPUT 

""'''". 
Figura 6. Mas-to-TTL TraMlator 
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VH 

R 

TTL VH roVL 
INPUT OUTPUT 

VL 

NOlE: 
1. V.O&;5V; 3VO&;VH-VLo&;1OV. 

FIgure 9. Level Shifter' 

.. 5 1+-----1+--t--\---+------I 

i .. 41--\-:r----,\----'Hr_-+-----i 
~ 
E31--~--'-+_T-1~-+------I 
~ 

J21-----' ..... :l--~.-''''~-----i 

'0 '00 '000 '0.000 
Pw, INPUT PULSE WIOTH (no) 

"""""08 
Figura 10. Turn-on Threshold va Capacitance 

From Response Control Pin to GND 

.. 51-_\--~+__\--l_+-----I 

i 
€I 4 

231----"'r+~r_~-~--'-----l 
c 

J2r------1~~~~ .. ~ .. ~ 
1L-________ ~ ______ ~~ ______ ~ 

10 100 '000 10.000 
pw, INPUT PULSE WIDTH (no) 

Figure 11. Turn-on Thraahold va capacitance 
From Response Control Pin to GND 
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Signetics N~5170 
Octal Line Driver 

Linear Products 

DESCRIPTION 
The NE5170 is an octal line driver which 
is designed for digital communications 
with data rates up to 100kb/s. This 
device meets all the requirements of EIA 
standards RS-232C/RS-423A and 
CCITT recommendations V.l0/X.2S. 
Three programmable features, (1) output 
slew rate (2) output voltage level, and (3) 
three-state control (high impedance) are 
provided so that output characteristics 
may be modified to meet the require
ments of specific applications. 

FUNCTION TABLE 

ENABLE 
LOGIC 
INPUT RS-423A1 

L L 5 to 6Y 

L H -5 to -6Y 

H X High·Z 

NOTES: 
1. Vcc-+10V and VEE=-10V; RL-3kSl 
2. Vcc-+12V and VEE=-12V; RL-3kSl 

ORDERING CODE 

Preliminary SpeCification 

FEATURES 
• Meets EIA RS-232C/423A and 

CCITT V.10/X.26 
• Simple slew rate programming 

with a single external resistor 
.0.1 to 10V/lls slew rate range 
• High/low programmable voltage 

output modes 
• TTL compatible inputs 

APPLICATIONS 
• High-speed modems 
• High-speed parallel 

communications 

• Computer I/O ports 
• Logic level translation 

OUTPUT VOLTAGE (V) 

RS-232C 

Low OUtput Model High Output Mode2 

5 to 6Y ;;'9Y 

-5 to -6Y <.-9Y 

High-Z High·Z 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

28-Pin Plastic DIP o to +70·C NE5170N 

28·Pin PLCC o to +70·C NE5170A 

28·Pin SO package o to +70·C NE5170D 

February 1987 6-14 

PIN CONFIGURATIONS 

N Package 

TOP VIEW 

A Package 

OI""""" TOP VIEW 

D Package 

-"--::,..-I]~Ho 
---, ........... H, 

1-.J r-o(]-I""" 0, 

-MODE -.... ___ --1'-
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Signetics linear Products Preliminary Specification 

Octal Line Driver NE5170 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Vee Supply voltage and + MODE 15 V 

VEE Supply voltage and - MODE -15 V 

lOUT Output current 1 ±150 mA 

VIN Input voltage (Enable, Data) -1.5 to +7 V 

VOUT Output voltage2 ±15 V 

Minimum slew resistor3 1 kO 

Po Power dissipation 1200 mW 

DC ELECTRICAL CHARACTERISTICS Vcr;j - 10V ± 10%; VEE = -1 OV ± 10%; ± MODES - OV; RSL = 2kO, O·C";; T A";; 70·C, 
unless otherwise specified. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

MIn Max 

VIN= 0.8V 
RL = 3ko4 

5 8 

VOH Output high voltage 
RL = 45004 4.5 6 

V 

RL = 3kOS, CL = 2500pF Vee- 3 

VIN= 2.0V 
-6 -5 

RL - 3ko4 
VOL Output low voltage 

RL=45004 -6 -4.5 
V 

RL = 3kOs, CL - 2500pF VEE+3 

VOU Output unbalance voltage Vee = IVEEI, RL-45004 0.4 V 

ICEl< Output leakage current IVo I - 6V, ENABLE - 2V or Vee - VEE = OV -100 100 p.A. 

VIH Input high voltage 2.0 V 

VIL Input low voltage 0.8 V 

IlL Logic "0" input current VIN= 0.4V -400 0 p.A. 

IIH Logic "1" input current VIN-2.4V 0 40 p.A. 

los Output short circuit current 1 Vo=OV -150 150 mA 

VeL Input clamp voltage IIN--15mA -1.5 V 

lee NO LOAD 35 mA 

lEE 
Supply current 

NO LOAD -45 mA 

NOTES: 
1 Maximum current per driver. Do not exceed maximum power dissipation n more than one output is on. 
2. High impedance mode. 
3. Minimum value of the resistor used 10 set the slew rate. 
4. VOH, VOL at RL - 4500 will be ;;. 2:90% of VOH, VOL at RL - ... 
S. High Output Mode; +MODE pin-Vcc; -MODE pin = Vee; 9V';Vcc';13V; -9V;;'Vee;;'-13V. 
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SlgnetICs Linear Products Preliminary SpecifiCation 

Octal line Driver NE5170 

AC ELECTRICAL CHARACTERISTICS Vcc-+10V; VEE--10V; Mode~GND, 0·C<TA<70·C 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Max 

Propagation delay output high to high RL - 450, CL = 50pF 
tpHZ impedance 

or 5 IJS 
RL = 3k, CL = 2500pF 

RL = 450, CL = 50pF 
tpLZ Propagation delay output low to high impedance or 5 IJS 

RL = 3k, CL - 2500pF 

RSL = 200k 

tPZH 
Propagation delay high impedance to high RL = 450, CL = 50pF 

150 IJS output or 
RL = 3k, CL = 2500pF 

RSL = 200k 

tpZL Propegation delay high impedance to low output 
RL = 450, CL = 50pF 

150 /.IS or 
RL = 3k, CL - 2500pF 

RSL = 2k 8 12 

SR Output slew rate 1 RSL = 20k 0.8 1.2 V/IJS 

RSL -200k 0.06 0.14 

NOTE: 
SA:. Load condition. (A) For ASL < 4kO use AL - 4500; ~ - 5OpF; (S) for ASL > 4kO use either AL - 4500, CL - 50pF or AL = 3kO, CL - 2500pF. 

AC PARAMETER TEST CIRCUIT AND WAVEFORMS 

+10V 

Vee 

VOUT 1--_-...... -0 OUTPUT 

Do. 
- MODE GND + MODE VEE AsL 

I 

Vour I 
VOL --_J.-!,-:---+-r'! 

: I t 
..... I-Ipa 

NOTES; 
1. See AC _ characteristics table for values of ASl, AL and Ce• 
2. V,N pulse: Frequency - 1kHz, dUly cycte - 50%, loUT - 5On. t, - ~ <: IOns. 

February 1987 

-lOY 

3V~ Eli! . 

ov--I I 
IIV IV I 
I I 

VOH --r-
VOUT --t 

I 
Voz 

I 
I 
I 

--1 
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Signetics Linear Products 

Octal Line Driver 

SLEW RATE PROGRAMMING 
Slew rate for the NE5170 is set using a single 
external resistor connected between the RSL 
pin and ground. Adjustment is made accord
ing to the formula: 

20 
RSL (in k!l) = Slew Rate 

where the slew rate is in VI IJS. The slew 
resistor can vary between 2 and 200k!l which 
gives a slew rate range of 10 to O.tV I j.ts. This 
adjustment of the slew rate allows tailoring 
output characteristics to recommendations 
for cable length and data rate found in EIA 

standard RS-423A. Approximations for cable 
length and data rate are given by: 

Max. data rate (in kb/s) = 300ft 

Cable length (in feet) = 100 X t 

where t is the rise time in microseconds. The 
absolute maximum data rate is 1 OOkbl sand 
the absolute maximum cable length is 4000 
feet. 

OUTPUT MODE PROGRAMMING 
The NE5170 has two programmable output 
modes which provide different output voltage 

Preliminary Specification 

NE5170 

levels. The low output mode meets the speci
fications of EIA standards RS-423A and RS-
232C. The high output mode meets the speci
fications of RS-232C only. since higher output 
voltages result from programming this mode. 
The high output mode provides the greater 
output voltages where higher attenuation lev
els must be tolerated. Programming the high 
output mode is accomplished by connecting 
the + MODE pin to Vee and the -MODE pin 
to VEE' The low output mode results when 
both of these pins are connected to ground. 

r------------., r-------------, 

February 1987 

I 
I , 
IVHn +VLf 

-v 

I 
I 
I 

I 
, VL 

,INPUT , , , 
! VHU 

~~-r------------------~--~ VL 

I , , ':' , 
, ':' I 
L ______ ..!~ ____ J 
• MODE PINS CONNECTED FOR 
PROPER OUTPUT LEVEL 

I 
I 
I 
I 
I 
I 

I 
: • TIE 10 GROUND FOR '*' RS232C 

L.. _____________ -' 

Figure 1. RS-232C/RS-423A Data Transmission 
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Octal Line Driver NE5170 

INPUTQ-1~.~E--*--="-+ 

TClI380S 

Figure 2. Input Stage Schematic 
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Octal line Driver NE5170 

NESI10 

Vee 

r------------i------Ir-~--_t-o~"" 

I 

TC11370S 

Figure 3. Output Stage Schematic 
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Octal Line Driver 

4S 

41 

i 
Jl37 
I 

~ 33 

j! 
28 

25 

MODE-ClND; Rtr=2kSl; 
IN=H_;_~.LjO =NOLDAD 

- -I~ r--- - 70~ 
Docr 

I 
I 

-·100 
DOC 

7Oj<= 

- e-

..." 

:t::1 :t::10 :t11 :t:12 :1:13 

vcc AND v .. M 
0P07$108 

Figure 4. Typical Icc and lEE vs Supply 
Voltages 

400 \II. ~1OJ. D-d.:TA~70~ 

-200 
i/ 

-400 I 
I 

-2 

Figure 5. Typical Input Current vs Input 
Voltage 

800 

(V!. ~1OJ.~.2~) 
800 

100 

o 
o 
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I 
! 

DOC J 
700C 

I 
12 II 20 

OPD7631S 

Figure 6. Typical + MODE Current vs 
+ MODE Voltage 
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Figure 7. Typical -MODE Current vs 
-MODE Voltage 
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vs Load Current 
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Figure 9. Typical Output High Voltage 
vs Load Current 
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NE5170 
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Figure 10. Typical Output Low VoHage 
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Figure 12. Typical Slew Rate vs RSL 



Signetics 

Linear Products 

DESCRIPTION 
The NE5180 and NE5181 are octal line 
receivers designed to interface data ter
mina� equipment with data communica
tions equipment. These devices meet 
the requirements of EIA standards RS-
232C, RS-423A, RS-422A, and CCITT 
V.l0, V.ll, V.28, X.26 and X.27. The 
NE5180 is intended for use where the 
data transmission rate is up to 200 kb/s. 
The NE5181 covers the entire range of 
data rates up to 10 Mb/s. The difference 
in data rates for the two devices results 
from the input filtering of the NE5180. 
These devices also provide a failsafe 
feature which protects against certain 
input fault conditions. 

FUNCTION TABLE 

INPUT 

V,O> 200mV1 

V,O < -200mV1 

Both inputs open or grounded 

NOTE: 

NE5180/NE5181 
Octal Differential line 
Receivers 
Preliminary Specification 

FEATURES 
• Meets EIA R5-232C/423A/422A 

and CCITT V_10, V.11, V.28 

• Single + 5V supply - TTL 
compatible outputs 

• DifferentIal Inputs withstand 
±25V 

• Failsafe feature 
• Input noise filter (NE5180 only) 
• Internal hysteresIs 
• Available in SMD PLCC 

APPLICATIONS 
• High-speed modems 
• High-speed parallel 

communIcations 

• Computer I/O ports 
• Logic level translation 

FAILSAFE LOGIC 
INPUT OUTPUT 

X H 

X L 

OV L 

Vee H 

PIN CONFIGURATIONS 

N Package 

C-

Co 

D+ 

Do 

GND 

TOP VIEW 

A Package 

B- Ao A+ A- vee Ho H+ 

t. V,O is defined as the non.inverting terminal input voltage minus the inverting terminal inpu1 voltage. 

ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE 

28-Pin Plastic DIP o to +70·C 

28-Pin Plastic DIP o to +70·C 

28-Pin PLCC o to +70·C 

28-Pin PLCC o to +70·C 

February 1987 

ORDER CODE 

NE5180N 

NE5181N 

NE5180A 

NE5181A 
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D+ Do GHD E- E+ Eo F

TOP VIEW 

vee 
Ho 

H+ 

H-

Go 

G+ 

G-

Fa 

F+ 

F-

Eo 

E+ 

E-

H-
I 

Go 

G+ 
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Signetics Linear Products 

Octal Differential Line Receivers 

ABSOLUTE MAXIMUM RATINGS T A ~ +25'C 

SYMBOL PARAMETER RATING 

Po Power dissipation 800 

Vee Supply voltage 7 

VCM Common-mode range ±15 

VIO Differential input voltage ±25 

ISINK Output sink current 50 

VFS Failsafe voltage -0.3 to Vee 

los Output short-circuit time 1 

UNIT 

mW 

V 

V 

V 

rnA 

V 

sec 

Preliminary Specification 

NE5180/NE5181 

VOUT 
FS=Vcc N=GND 

va, v .. , 0 v". v... v,. 

Figure 1. Vu. Vth, VH Definitions 

DC ELECTRICAL CHARACTERISTICS vee = + 5V ± 5%, O'C';; TA .;; + 70'C, input common-mode range ± 7V 

NE5180 NE5181 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Max Min Max 

RIN DC input resistance 3V .;;IVIN 1';;25V 3 7 3 7 kG 

Inputs open or I 0';; lOUT .;; 8mA. Vfailsate = OV 0.45 0.45 
VOFS Failsafe output voltage shorted to . V 

GND I 0;;' lOUT;;' -400IlA, Vlailss'" = Vee 2.7 2.7 

Differential input high4 VouT;;'2.7V, Rs=O' 0.2 0.2 
VTH V 

threshold lOUT = -4401lA RS = 500' 0.4 0.4 

Differential input 10w4 VOUT';; 0.45V, Rs=O' -0.2 -0.2 
Vu V 

threshold IOUT-8mA Rs = 500' -0.4 -0.4 

VH Hysteresis4 FS = OV or Vee (See Figure 1 ) 50 140 50 140 mV 

VIOC Open-circuit input voltage 2 2 V 

CI Input capacitance 30 30 pF 

VOH High level output voltage VIO = 1V, lOUT = -4401lA 2.7 2.7 V 

lOUT = 4rnA2 0.4 0.4 
VOL Low level output voltage VIO=-1V 

IOUT- 8rnA2 
V 

0.45 0.45 

los Short-circuit output current VIO = 1V, Note 3 20 100 20 100 mA 

lee Supply current 4.75V';; Vee';; 5.25V, VIO = -1V; FS = OV 100 100 mA 

VIN = +10V 3.25 3.25 
liN Input current Other inputs grounded mA 

VIN--10V -3.25 -3.25 

NOTES 
1. Rs is a resistor in serles with each input 
2. Measured after 100ms warm-up (at O·C). 
3. Only 1 output may be shorted at a time and then only for a maximum of 1 second. 
4. See Figure 1 for threshold and hysferesis definRions. 

AC ELECTRICAL CHARACTERISTICS Vee - + 5V ± 5%, O'C';; TA';; + 70'C 

NE5180 NE5181 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Max Min Max 

tpLH Propagation delay -low to high CL = 50pF, VIO = ± 1V 500 100 ns 

tpHL Propagation delay - high to low CL = 50pF, VIO = ± 1V 500 100 ns 

fa Acceptable input frequency Unused input grounded, VIO = ± 200mV' 0.1 5.0 MHz 

fr Rejectable input frequency Unused input grounded, VIO = ± 500mV 5.5 NA MHz 

NOTE: 
1. VIO - ± tv for NES1Sl. 

February 1987 6·22 
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Octal Differential Line Receivers NE5180/NE5181 

FAILSAFE OPERATION 
These devices provide a failsafe operating 
mode to guard against input fault conditions 
as defined in RS-422A and RS-423A stan-

APPLICATIONS 

AC TEST CIRCUIT 

Vee 

+1VJl.. -1V 

February 1987 

dards. These fault conditions are (1) driver in 
power-oil condition, (2) receiver not intercon
nected with driver, (3) open-circuited inter
connecting cable, and (4) short-circuited in
terconnecting cable. If one of these four fault 

+v, r 
-v L..J 

conditions occurs at the inputs of a receiver, 
then the output of that receiver is driven to a 
known logic level. The receiver is pro
grammed by connecting the failsafe input to 
Vee or ground. A connection to Vee provides 

vee 

VMlUlAFE 
L._ 

I· TIE TO GROUND I fOR RS'232C -=-

R8-232C/R8-423C Data Transmission 

Vee 

+VIl 
-v 

+v- / _v-U 

R8-422A Data Transmission 

VOLTAGE WAVEFORMS 

6-23 
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Octal Differential Line Receivers NE5180/NE5181 

a logic "1" output under fault conditions, 
while a connection to ground provides a logic 
"0". There are two failsafe pins (FSl and FS2l 
on the NE51BO or NE51Bl where each pro
vides common failsafe control for four receiv
ers. 

RS·232 FAILSAFING 
The internal failsafe circuitry works by provid
ing a small input offset voltage which can be 
polarity-switched by using the failsafe control 
pins. This offset is kept small (approximately 
BOmV) to avoid degradation of the ± 200mV 
input threshold for RS-423 or RS-422 opera
tion. If the posnive and negative inputs to any 
receiver are both shorted to ground or open 
circuited, the internal offset drives that output 
to the programmed failsafe state. If only one 
input open circuits (as may be the case for 
RS-232 operation), that input will rise to the 
"input open circun voltage" (approximately 
700mV). Since this is much greater than the 
200mV threshold, the output will be driven to 
a state that is independent of the failsafe 
programming. Failsafe programming can be 
achieved for non-inverting single-ended appli
cations by raising or lowering the unused 
input bias voltage as shown in Figure 2. For 
VSIAS:; 1.4, an open (or grounded) INPUT 
line will be approximately 700mV (OV) and the 
output will failsafe low. If the resistor divider is 
not used and VBIAS is connected to ground, 
the output will failsafe high due to the internal 
failsafe offset for the INPUT grounded and 
the 700mV "open circuit input voltage" for 
the INPUT open circuited. Similar operation 
holds for an inverting configuration, with 
VBIAS applied to the positive input and 
VFS = ground. 

INPUT FILTERING (NE5180) 
The NE51 BO has input filtering for additional 
noise rejection. This filtering is a function of 
both signal level and frequency. For the 
specified input (5.5MHz at ± 500mV) the input 
stage filter attenuates the signal such that the 
output stage threshold levels are not ex
ceeded and no change of state occurs at the 
output. As the signal amplnude decreases 
(increases) the rejected frequency decreases 
(increases). 

February 19B7 

NOTE: 

INPUT 0----1 

Vee -""R1'VY-+Irl.4V 

R2 

OUTPUT 

TC081008 

Two .11con diode. may be used in place of R2. 

Figure 2. Single·lnput Failsafe Programming 

vee 

Figure 3. Differential Input Stage 

GND 

TS 

GND 

FIgure 4. Failsafe Input Stage FIgure 5. Output Stage 
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Octal Differential Line Receivers 

III 

70 

1 III 

JlIO 

40 

i:::::: 

4.Ii 

- .;::; 
:;;0-
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70le 
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Figure 6. Typical Supply Current V8 
SUpply Voltage 

4 

1 0 
oJ -2 

-4 -. -. 
-10 

-20 

"""'OS 
"This graph applies for all receiver Inputs, pro
vldad that tha opposite polarlty Input of tho am
plifier being measured is grounded. 

Figure 9. Input CUrrent V8 Input 
Applied Voltage· 
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Vcc ·,1.75V 
V1D -1V 

:- 2SOC 700C 

'Doc 
3.0 I 

2.5 
o -G.2_u -G.8-G.8 1 _u-1A _u-U_2 

..... (tnAI 

Figure 7. Typical High Level Output 
Voltage V8 Output Current 

0.70 

o.ee 
0.18 

G.I4 
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o.se 
0.&4 

0.&2 
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Figure 10. Typical Vloe V8 Vee 

I.5V 

VOL 

~.~~I\ 
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1\ 
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Figure 12. NE51BO: Propagation Delay 
8t Varlou8 Input Amplltude8 
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NE5180jNE5181 
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V1D -1V 
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Figure 8. Typical Low Level Output 
Voltage V8 Output Current 
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Linear Products 

BCD 
Binary Coded Decimal. 

BI/RBO 
Blanking Input or Ripple Blanking Output. 

CE 
Chip Enable. 

CLR 
Clear. Clear command will preset all internal 
circuits to a predetermined state. 

Duty Cycle 
Ratio of time on to time off. Generally ex
pressed in percentage. 

fMAX 
The maximum clock frequency; the maximum 
input frequency at a clock Input for the 
predictable performance. Above this frequen
&'/ the device may cease to function. 

IBIAS 
Input Bias Current Current into an analog 
circuit input, apecified at a particular voltage 
level. 

Icc (-lee) 
Supply Current The current flowing into the 
+ Vee (-Vee) supply terminal of the circuit 
with specified input conditions and open out
puts. Input conditions are chosen to gueran
tee worst case operation unless specified. 

IIH 
Input High Current. The current flowing into or 
out of an input when a specified HIGH level 
voltage is applied to that input. 

IlL 
Input Low Current. The current flowing out of 
an input when a specified LOW level voltage 
is applied to that input. 

IOH 
Output Current Source the device can supply 
while maintaining a specified voltage output 
level. 

IOL 
Output Low Current. The current flowing into 
an output when it is in the LOW state. 

lOS 
Output Short-Circuit Current. The current 
flowing out of an output which Is In the High 
state when that output Is shorted to ground, 

IS 
Source Current. Current flowing Into the Va 
supply terminal of the device with specified 
operating conditions. 

February 1987 

Symbols and Definitions for 
Peripheral and Display Drivers 

ISEG 
Segment Current The amount of current 
supplied to each segment as a display. Cur
rent ratios ara generally compared to seg
ment 'b'. 

LED 
Light-Emitting Diode. 

RBI 
Ripple Blanking Input. 

Segment Identification 

. 
'I~b 
'0-

Segment Identlftcatlon 

tH 
Hold Time. The interval Immediately following 
the active transition of the timing pulse (usual
ly the clock pulse) or following the transition 
of the control Input to its latching level, during 
which inteNal the data to be recognized must 
be maintained at the input to ensure its 
continued recognition. A negative hold time 
indicates that the current logic level may be 
released prior to the active transition of the 
timing pulse and stili be recognized. 

tpHL 
Propagation Delay Time. The time between 
the apecified reference points on the input 
and output waveforms with the output chang
Ing from the defined HIGH level to the defined 
LOW level. 

tpLH 
Propagation Delsy Time. The time between 
the apeclfled reference points on the Input 
and output waveforms with the output chang
ing from the defined LOW level to the defined 
HIGH level. 

tREC 
Recovery Time. The time between the refer
ence point on the trailing edge of an asyn
chronous Input control pulse and the rafer
ence point on the activating edge of a syn
chronous (clock) pulse input such that Ihe 
device will respond to the synchronou8 Input. 

6·26 

ts 
Setup Time. The inleNai immediately preced
ing the active transition of the timing pulse 
(usually the clock pulse) or preceding the 
transition of the control input to its latching 
level, during which inteNal the data to be 
recognized must be maintained at the input to 
ensure its recognition. A negative setup time 
indicates that the correct logic level may be 
initiated sometime after the active transition 
of the timing pulse and still be recognized. 

Truth Tables 
o = logic level LOW 

1 = logic level HIGH 

x - don't care condition; has no effect under 
circuit conditions listed. 

Typical Value 
The typical value of a particular parameter at 
25°C determined by characterization of the 
device or sampling. Usually indicates that the 
particular device is not 100% tested for the 
parameter because it does not vary or can be 
determined by design and other tested vari
ables. Occasionally typical values are given 
rather than minImax values because 100% 
testing would raise the cost of the product to 
a prohibitive level. If a typical value must be 
guaranteed to ensure specific operation, cus
tom testing can often be provided at an 
additional cost to the user. 

VIR 
Output Breakdown Voltage. Maximum volt
age applied to a disabled (off) output to 
ensure a leakage current less than the speci
fied value. 

Vee (-Vee) 
Supply Voltage. The range of power supply 
voltage over which the device will operate 
safely. 

VF 
Forward voltage drop of a device at a speci
fied current level. 

VIH 
Input High Voltage. The range of input volt
ages recognized by the device as a logic 
HIGH. 

VIL 
Input Low Voltage. The range of Input volt
ages recognized by the device as a logic 
LOW. 
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Symbols and Definitions for Peripheral and Display Drivers 

VIN 
The range of voltage on any input which the 
device can safely handle or a specified input 
voltage to the device. 

VOH 
Output High Voltage. The minimum guaran
teed High voltage at an output terminal for the 
specified output current IOH and at the mini
mum Vee value. 

February 1987 

VOL 
Output Low Voltage. The maximum guaran
teed low voltage at an output terminal sinking 
the specified load current IOL. 

VOUT 
The range of voltage on any output which the 
device can safely handle or a specified output 
voltage to the device. 

6-27 

Vs 
Source Voltage. A separate Vee line depend
ing on part type. 

XX 
Negate Bar. When it appears over a function 
indicates that the "true" or valid condition of 
that function is a logic LOW level; 
i.e., LE would require a logic HIGH level to 
cause a latch enable; 
a: would require a logic LOW level to cause a 
latch enable. 

I 
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DESCRIPTION 
The NE509C addressable relay driver is 
a high-current latched driver, similar in 
function to the 9934 address decoder. 
The device has 8 open-collector Darling
ton power outputs, each capable of 
150mA load current. The outputs are 
turned on or off by respectively loading a 
logic "1" or logic "0" into the device 
data input. The required output is de
fined by a 3-bit address. The device 
must be enabled by a CE input line 
which also serves the function of further 
address decoding. A common clear in
put, CiJi, turns all outputs off when a 
logic "0" is applied. The device is pack
aged in a 18-pin plastic or Cerdip pack
age. 

BLOCK DIAGRAM 

INPUT STAGE 

October 10, 1986 

NE5090 
Addressable Relay Driver 
Product Specification 

FEATURES 
• 8 high-current outputs 
• Low-loading bus-compatible 

Inputs 
• PoweroOn clear ensures safe 

operation 
• Will operate In addressable or 

demultiplex mode 
• Allows random (addressed) data 

entry 
• Easily expandable 
• Pln-compatlble with 9334 

(Slllconlx or Fairchild) 

APPLICATIONS 

• Relay driver 
• Indicator lamp driver 
• Triac trigger 
• LED display digit driver 
• Stepper motor driver 

0, 

0, 

0, 

0, 

0, 

0, 

0, 

0, 

OUTPUT STAGE 

6-28 

PIN CONFIGURATION 

01, F, N Packages 

TOP VIEW 

NOTE: 
1. SOL·Released in Large SO package only. 
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Addressable Relay Driver NE5090 

PIN DESIGNATION 

PIN NO. SYMBOL NAME AND FUNCTION 

1-3 Ao-A2 A 3-bit binary address on these pins defines which of the 8 output latches is to receive 
the data. 

4-7,9-12 Oo-~ The 8 device oulputs. 

13 D The data input. When the chip is enabled, this data bit is transferred to the defined 
oulput such that: 

"1" turns output switch "ON" 
"0" turns output switch "OFF" 

14 CE The chip enable. When this input is low, the output latches will accept data. When CE 
goes high, all outputs will retain their existing state, regardless of address of data Input 
condition. 

15 CLR The clear input. When. CLR goes low all oulput switches era turned "OFF". The high 
data input will override the clear function on the addrassed latch. 

ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

16-Pin Plastic SOL o to +70·C NE5090D 

16-Pin Plastic DIP o to +70·C NE5090N 

16-Pin Cerdip o to +70·C NE5090F 

TRUTH TABLE 

INPUTS OUTPUTS MODE 

CLR CE D Ao A, A2 00 Q, Q2 Q3 Q4 Q5 Q6 Q7 

L H X X X X H H 

L L L L L L H H 
L L H L L L L H 
L L L H L L H H 
L L H H L L H L 
L L L H H H H H 
L L H H H H H H 

H H X X X X ON., 

H L L L L L H ON-1 
H L H L L L L ON.1 
H L L H L L 0N.1 H 
H L H H L L °N.1 L 
H L L H H H ON-1 
H L H H H H °N·1 

NOTES: 
x = Don't care condition 
ON.' = Previous output state 
L = Low vOltage levell"ON" output state 
H = High voltage levelI"OFF" output state 

Octcber 10, 1986 

H H H H H H Clear 

H H H H H H 
H H H H H H 
H H H H H H Demultiplex 
H H H H H H 
H H H H H H 
H H H H H L 

~ Memory 

~ 

• 
°N-1 ~ Addressable Latch 
ON-1 

~ H 
~ L 

6-29 
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Addressable Relay Driver 

ABSOLUTE MAXIMUM RATINGS TA = 25DC, unless otherwise specified. 

SYMBOL PARAMETER 

Vcc Supply voltage, 

VIN Input voltage 

VOUT Output voltage 

IGNO Ground current 

lOUT 
Output current 

Each output 

Po Maximum power dissipation, 
T A = 25DC (still-air) 1 

F package 
N package 
o package 

TA Ambient temperature range 

TJ Junction temperature 

TSTG Storage temperature range 

TSOLO Lead soldering temperature (10sec. max) 

NOTE: 
1. Derate above 2S"C at the following rates: 

F package at 11.lmW'"C. 
N package at 13.7mwrc. 
D package at 1 O.SmW'"C. 

RATING UNIT 

-0.5 to +7' V 

-0.5 to +15 V 

o to +30 V 

500 rnA 

200 rnA 

1388 mW 
1712 mW 
1315 mW 

o to +70 DC 

150 DC 

-65 to +150 DC 

300 DC 

Product Specification 

NE5090 

DC ELECTRICAL CHARACTERISTICS VCC= 4.75V to 5.25V, ODC "'TA"'+70DC, unless otherwise specified. 1 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Input voltage 
VIH High 2.0 V 
VIL Low 0.8 

Output voltage 
VOL Low IOL = 150mA, T A - 25DC 1.05 1.30 V 

Over temperature 1.50 

Input current 
IIH High VIN-VCC < 1.0 10 IlA 
IlL Low VIN=OV -3.0 -250 

IOH Leakage current VOUT,=28V, 5 250 IlA 
Supply current 

ICCL All outputs low Vcc= 5.25V 35 60 rnA, 

ICCH All outputs high 22 50 

Po Power dissipation No output load 315 mW 

NOTE: 
I. All typical values are at Vex; = SV and TA - 2S"C. 

October 10, 1986 6-30 
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Addressable Relay Driver NE5090 

SWITCHING CHARACTERISTICS Vee = SV, TA = 2SoC, VOUT = SV, lOUT = 100rnA, VIL = 0.8V, VIH = 2.0V. 

SYMBOL PARAMETER TO FROM 

tpLH 
Propagation delay time 

Low-to-high I Output CE 
tpHL High-to-Iowl 

tpLH Low-to-high2 
Output Data 

tpHL High-to-low2 

tpLH Low-to-high3 
Output Address 

tpHL High-to-low3 

tpLH Low-to-high4 
Output CCR 

tpHL High-to-low4 

Switching setup requirements 

tS(H)S Setup time high Chip enable High data 
!s(L)S Setup time low Chip enable Low data 

!s(A)6 Address setup time Chip enable Address 

tH(H)s Hold time high Chip enable High data 
tH(L/ Hold time low Chip enable Low data 

tpw(E)1 Chip enable pulse width I 

NOTES: 
I. See Tum·On and Tum·Off Delays, Enable-to-Output and Enable Pulse Width timing diagram. 
2. See Tum·On and Tum·Off Delays, Data-to-Output timing diagram. 
3. See Tum-On and Turn.Qff Delays, Address-to-Output timing diagram. 
4. See Turn-Off Delay, Clear-to-Output timing diagram. 
S. See Setup and Hold Time, Data-to-Enable timing diagram. 
6. See Setup Time, Address-to·Enable timing diagram. 

October 10, 1986 6-31 

MIN TYP MAX UNIT 

900 1800 ns 
130 260 

920 18S0 
130 260 

ns 

900 1800 
130 260 

ns 

920 18S0 
ns 

40 
SO 

ns 

40 ns 

10 
10 

ns 

40 ns 

I 
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Addressable Relay Driver 

TIMING DIAGRAMS 

o ________ --J 

CE 

NOTE: 
Other Inputs: ern - H, A - Slable 

Turn-On and Turn-Off Delays, Enable-ta-Output 
and Enable Pulse Width 

Q 

NOTE: 
Other InpulS: ~ - L., a:i'f - L., D - H 

Tum-On and Turn-Off Delays, Addre .... ta-Output 

Q III 
NOTE: 
Other Inputs: ern = H, A = Stable 

Setup and Hold Time, Data-ta-Enable 

October 10, 1986 

Product Speclflcatton 

NE5090 

NOTE: 
Other Inputs: ~ - I, lIDi - H, A - Stable 

Tum-On and Turn-Off Delays, Data-to-Output 

~ b-
Q _____ '_'_"'1).---------

NOTE: 
Other Inputs: eE - H 

Turn-oH Delay, Clear-to-Output 

.. ,..,.. 
NOTE: 
Other InpulS: lIDi - H 

Setup Time, Address-to-Enable 

6-32 



Signetics Linear Products 

Addressable Relay Driver 

TYPICAL APPLICATIONS 

DATA 
BUS 

,p 

+sv 

00 00 a, a, a, a, 
a, a, a, a, 
as as a, a, a, a, 

CE CLR CE m 
"0 

CONTROL 

CLEAR ___ ---< ...... _______ ---l 

NOTE: 
Ao. At, A2 may be connected to the address bus if permitted by system design. 

Interfacing With a Microprocessor System 

TYPICAL PERFORMANCE CHARACTERISITCS 

Output Voltage vs Load Current 

" r-----~----,_----,_----, 

'.0 1-----~--= .... "'5 .... 'F.".. .... =t 

0.8 I-~.,c..""''---~----+-----I 

0.' 

0.' '------'------'------'-----.... 

Product Spec~lcatlon 

+ SV TO 28V 

RL 
+28V 

RELAV 
LOAD 

Driving Simple Loads 

NE5090 

0 0 
a, 
a, 
a, 
a, 
as 
a, 

L..:::::::,,_-,"--v o , 

Operating In Demultiplex Mode 

o " 100 150 '" OUTPUT lOAD CURRENT (mA) 

October 10, 1986 6-33 
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Addressable Peripheral Drivers 

Linear Products 

DESCRIPTION 
The NE590/591 addressable peripheral 
drivers are high current latched drivers, 
similar in function to the 9334 address 
decoder. The device has eight Darling
ton power outputs, each capable of 
250mA load current. The outputs are 
turned on or off by respectively loading a 
logic high or logic low into the device 
data input. The required output is de
fined by a 3-bit address. The device 
must be enabled by a CE input line. A 
common clear input, CLR, turns all out
puts off when a logic low is applied. 

The NE590 has eight open-collector 
Darlington outputs which sink current to 
ground. The device is packaged in a 16-
pin plastic or Cerdip package. 

The NE591 has eight open-emitter Dar
lington outputs which source current to 
an external load from a common collec
tor line, Vs. This Vs line need not neces
sarily be the same as the 5V Vee supply. 
The device is packaged in an 18-pin 
plastic or Cerdip package. 

ORDERING INFORMATION 

Product Specification 

FEATURES 
• 8 high current outputs 
• Low-loading bus compatible 

inputs 
• Poweroon clear ensures safe 

operation 
• NE590 will operate In 

addressable or demultiplex mode 

• Allows random (addressed) data 
entry 

• Easily expandable 
• NE590 Is pin compatible with 

54174LS259 

APPLICATIONS 
• Relay driver 
• Indicator lamp driver 
• Triac trigger 
• LED display digit driver 
• Stepper motor driver 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

16-Pin Cerdip o to +70·C NE590F 

16-Pin Plastic o to +70·C NE590N 

1 B·Pin Cerdip o to +70·C NE591F 

1 B·Pin Plastic o to +70·C NE591N 

November 14, 19B6 6-34 

PIN CONFIGURATIONS 

F, N Packagea 

F, N Packages 
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Addressable Peripheral Drivers NE590/NE591 

PIN DESIGNATION 

590 591 
PIN NO. PIN NO. 

1-3 2-4 

4-7, 5-8, 
9-12 11-14 

13 15 

14 16 

15 17 

- 1 

- 10 

BLOCK DIAGRAM 

fNE~11 ONLY) 

INPUT STAGE 

November 14, 1986 

SYMBOL NAME & FUNCTION 

Ao-A2 A 3-bit binary address on these pins defines which of the 8 output latches is to 
receive the data. 

Oo-a-, The 8 device outputs. The NE590 has open-collector Darlington outputs. The NE591 
has open emitter-follower outputs. 

D The data input. When the chip is enabled, this data bit is transferred to the defined 
output such that: 

"I" turns output switch "ON" 
"0" tums output switch "OFF" 

Thus in logic tarms, the NE590 inverts data to the relevant output. The NE591 
retains true data at the output. 

~ The chip enable. When this input is low, the output latches will accept data. When 
CE goes high, all outputs will retain their existing state regardless of address or data 
input conditions. 

em The clear input. When em goes low all output switches are turned "OFF". On the 
NE590, a high data input will override the clear function on the addressed latch. On 
the NE591, CCR low will override any other condition. 

~ The chip select input provides for an additional level of address decoding. 

Vs The Vs line provides the power to all 8 output devices. It is connected to the 
collectors of all 8 output transistors. This pin may be connected to the V cc or 
another supply. 

NE590 OUTPUT STAGE 

6-35 
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Addressable Peripheral Drivers 

TRUTH TABLE (NE590) 

INPUTS OUTPUTS 

CLR CE D Ao A, A2 00 Q, Q2 Q3 Q4 

L H X X X X 

L L L L L L 
L L H L L L 
L L L H L L 
L L H H L L 
L L L H H H 
L L H H H H 

H H X X X X 

H L L L L L 
H L H L L L 
H L L H L L 
H L H H L L 
H L L H H H 
H L H H H H 

NOTES: 
X = Don't care condition 
QN-1 = Previous output state 

H H 

H H 
L H 
H H 
H L 
H H 
H H 

°N-' 
H ON_' 
L ON_' 

ON_' H 

°N-' L 
ON_' 
ON_' 

L = Low voltage level/"ON" output state 
H = High voltage level/"OFF" output state 

TRUTH TABLE (NE591) 

H H H 

H H H 
H H H 
H H H 
H H H 
H H H 
H H H 

ON_' 
°N-' 

Qs 

H 

H 
H 
H 
H 
H 
H 

INPUTS OUTPUTS 

CLR CE CS D Ao A, A2 Qo Q, Q2 Q3 

L X X X X X 

H H H X X X 
H H L X X X 
H L H X X X 

H L L L L L 
H L L H L L 
H L L L H L 
H L L H H L 
H L L L H H 
H L L H H H 

NOTES: 
X = Don't care condition 
ON-1 = Previous output state 

X L 

X ON_' 
X ON_' 
X °N-' 
L L 
L H 
L ON-' 
L ON_' 
H ON_' 
H °N-' 

L = Low voltage level/"OFF" output state 
H = High voltage level/"ON" output state 
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L L L 

ON_' 
ON_' 

L °N-' 
H °N_' 

Q4 

L 

Q6 

H 

H 
H 
H 
H 
H 
H 

Qs 

L 

Product Specification 

NE590/NE591 

MODE 

Q7 

H Clear 

H 
H 
H Demultiplex 
H 
H 
L 

.. Memory 

.. .. 

.. Addressable Latch 

.. H .. L 

MODE 

Qa Q7 

L L Clear 

.. .. Memory 

.. 

.. .. .. Addressable Latch 

.. .. L 
.. H 

6-36 



Signetics Unear Products 

Addressable Peripheral Drivers 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Vee Supply voltage 

VIN Input voltage 

VOUT Output voltage 
NE590 
NE591 

Vs Source bus voltage 
NE591 only 

Vs-Vee Sourcel supply differential voltage 
NE591 only 

lOUT Output current 
Each output 
All outputs 

Po Maximum power dissipation 
T A = 25°C (still air) 

NE5901 F package 
N package 

NE591 2 F package 
N package 

TA Ambient temperature range 

TJ Junction temperature 

TSTG Storage temperature range 

TSOLD Lead soldering temperature 
(10 sec max) 

NOTES: 
I, Derate above 25·C al the fOllowing rates: 

F package al 9,5mwrc, 
N package al 1I,6mWrC, 

2, Derate above 25·C al the following rates: 
F package al 12mW'·C, 
N package al 13,5mWrC, 

November 14, 1966 

Product Specification 

NE590/NE591 

RATING UNIT 

-0,5 to +7 V 

-0,5 to +15 V 

V 
o to +7 
o to Vee 

-0,5 to +7 V 

-5 to +2 V 

300 mA 
1000 

1190 
1450 mW 
1500 
1690 

o to +70 ·C 

165 ·C 

-65 to +150 ·C 

300 ·C 

I 
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Signetics Unear Products Product Specification 

Addressable Peripheral Drivers NE590/NE591 

DC ELECTRICAL CHARACTERISTICS vee = 4.75 to 5.25V, O'C ~ TA <: 70'C, unless otherwiSe specifjed. 1,2 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Input voltage 
VIH High 2.0 V 
VIL Low 0.8 

Output voltage 
VOL Low (NE590 only) IOL = 250mA, T A - 25'C 1.0 1.3 

Over temperature 1.5 V 
VOH High (NE591 only) IOH = -250mA, Vcc = Vs = 5V 2.9 

Input current 
IIH High VIN = Vcc 0.1 10 
IlL Low VIN=OV 

CE input -25 -60 pA 
All other inputs -15 -50 

IOH Leakage current VOUT= 5.25V 10 250 pA 

Supply current! Vs~Vcc=5V 

ICCL All outputs low 
NE590 33 50 
NE591 15 50 

ICCH All outputs high mA 
NE590 15 50 
NE591 30 50 

Po Power dissipation No output load 350 mW 

NOTES: 
1. All typical values are at Vee = SV and TA = 2S"C. 
2. For the NES91 Vs = Vee in all tests. 
3. Supply current for the NES91 is measured with no output load. 
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Signetics Unear Products Product Specification 

Addressable Peripheral Drivers NE590/NE591 

SWITCHING CHARACTERISTICS Vee = 5V, TA = 25°C. 

NE590 NE591 
SYMBOL PARAMETER TO FROM UNIT 

Min Typ Max Min Typ Max 

Propagation delay time 
tpLH Low-ta-High 1 Output a: 65 150 50 80 ns 

\PHL High-ta-Low1 115 230 70 120 

tpLH Low-to-High2 Output Data 65 130 45 70 ns 

\PHL High-to-L0w2 120 240 65 100 

tpLH Low-to-High3 Output Address 100 200 45 80 ns 
tpHL Hlgh-to-L0w3 130 260 75 140 

tpLH Low-to-High4 Output Wi 65 130 ns 
tpHL High-to-L0w4 45 140 

tpLH Low-to-High 1 Output ~ 40 80 ns 
tpHL Hlgh-to-Low 1 70 120 

Switching setup requirements 

Is{H)5 Chip enable High data 210 100 ns 
tS(L)5 Chip enable Low data 210 100 ns 

ts(A)6 Chip enable Address 30 30 ns 

tH(H)5 Chip enable High data 40 10 ns 
tH(L)5 Chip enable Low data 30 10 ns 

Is{CS)5 Chip enable Low chip select 100 ns 

tPW(E) Chip enable pulse width 1 120 120 ns 

NOTES: 
1. See Turn-On and Turn.Qff Delays, Enable to Output and Enable Pulse Width timing diagram. 
2. See Turn-On and Tum.Qff Delays, Deta to Output timing diagram. 
3. See Tum-On and Tum.Qff Delays, Address to Output timing diagram. 
4. See Turn-Off Delay, Clear to Output timing diagram. 
5. See Setup and Hold Time, Data to Enable timing diagram. 
6. See Setup Time, Address to Enable timing diagram. I 
TYPICAL PERFORMANCE CHARACTERISTICS 

20 

1.2 I---+---+- ~ .......-:::: 
~5C~ 
~ 
~ 

70~ 

> 

ti 1.0 
~ g 

~ 0.' 

, 
0 

0.6 

0.' L-_.l-_~_...J.._--'-_---' 10 
50 100 HiD 200 250 50 100 150 200 250 

OUTPUT LOAD CURRENT (mAl OUTPUT l.OAD CURRENT (mAl 

Output Voltsge vs Load Current (NE590) Output Voltage Drop va Load Current (NE591) 
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Signetlcs Unear Products 

Addressable Peripheral Drivers 

TIMING DIAGRAMS 

CE 

NOTE: 
Other Inputs C[f{ == H. A - Stable. ~ = L. 

NOTE: 

Turn-On and Turn-Off Delays, Enable-to-Output 
and Enable Pulse Width 

Other Inputs: CE=L. a:R-L. D=H. 

WF171iKlS 

Turn..()n and Turn-off Delays, Address to Output 

NOTE: 
Other Inputs: erR=H. i::S=L. 

Setup TIme, Address to Enable 

Product Specification 

. NE590/NE591 

~ 
IpLH I- IpHl -

Q (NE590) 

'pHl I- tplH -
Q (NES91, 

J 
Wf17180S 

NOTE: 
other Inputs CE ll!I- L. ClJI - H. A - Stable. 

Tum..()n and Turn..()ff Delays, Data-to-Output 

'PLH l-

OINU901 

I- IpHL 

o (NES9" 

NOTE: 
Other Inppuls: CE - H. ll!I- H. 

Turn"()ff Delay, Clear to Output 

a (NE590) II1II 
a (NES91, /I 

NOTE: 
other Inputs: ClJI-H. A-Stable. ll!I-L. 

Setup and Hold nme, Data to Enable 

November 14, 1966 6-40 



Signetics Linear Products 

Addressable Peripheral Drivers 

TYPICAL APPLICATIONS 

,p 

0 Ci (591 ONLY) 

I 
A:- ~g1 c..:::: " '0 Eo~ 

5901 F=g~ 
F=8; 

'A 

Cl_ 
~L. 

CONTROL 

CLEAR 

NOTE: 

...= 

0 ATA 
us • 

0_ Cs(S91 0 

~~ == 
AO == 

NLYj 

00 a, 
02 a, 
o. a, a, a, 

59011 == 
I~LR 

"""aos 

110. A,. A •• and C§ may be connactad to the addresa bus H permitted by system design. 

Interfacing the 590/591 With a Microprocessor Syatem 

555 
3-BIT 

COUNTERt-------f 

Product Specification 

NE590/NE591 

+5V +5V 

±6V 

590 

RELAY 

CE LOAD 

-:.-

NE590 Driving Simple Loads 

°0 
0, 

°2 °3 
°4 
°5 

°6 

1 
"" ___ ""'-~V07 

TCI207l)S 

NE590 Operating In Demultiplex Mode 
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Signe1ics ULN2003j04 
High Voltage jHigh Current 
Darlington Transistor Arrays 

Linear Products 

DESCRIPTION 

These high voltage, high current Darling
ton transistor arrays are comprised of 
seven silicon NPN Darlington pairs on a 
common monolithic substrate. All units 
feature open-collector outputs and inte
gral suppression diodes for inductive 
loads. Peak in-rush currents to 600mA 
are allowable, making them ideal for 
driving tungsten filament lamps, also. 

The Type ULN2003 has a series base 
resistor to each Darlington pair, and thus 
allows operation directly with TIL or 
CMOS 5V supply voltage. 

The Type ULN2004 has an appropriate 
series input resistor to allow its operation 
directly from CMOS or PMOS outputs 
utilizing supply voltages of 6 to 15V. The 
required input current is below that of 
the Type ULN2003. 

In all cases, the individual Darlington pair 
collector current rating is 500mA. How
ever, outputs may be paralleled for 
higher load current capability. All de
vices are supplied in a 16-pin dual in-line 
plastic package. 

ORDERING INFORMATION 

PnDductspeclflcanon 

FEATURES 
• Peak In-rush current 600mA 
• Protected Intemally against 

Inductive loads 
• Open-collector topology 
• Compatible with most logic 

technologies 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

16-Pin PlastiC DIP o to +70·C ULN2003N 

16-Pin Plastic DIP o to +70·C ULN2004N 

16-Pin Cerdip o to +70·C ULN2003F 

16-Pin Cerdip o to +70·C ULN2004F 

16-Pin Plastic SO o to +70·C ULN2003D 

16-Pin Plastic SO o to +70·C ULN2004D 
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PIN CONFIGURATION 

D, N, F Packages 

OUTI 

0UT2 

0UT8 

12J--[)O~-'t--U()j 01117 

TOP YEW 

853-0955 86583 



Signettcs Unear Products 

High Voltage/High Current Darlington Transistor Arrays 

EQUIVALENT SCHEMATICS 

I 
I 
I 
I 
I 
I 

2.7K 

r--IM-~OCOM 

I 
I • I 
I 
I 

I 
I 
I 
I 
I 

10.5K 

1.. ___________ * __ __.J 
I..------------~---

Type ULN2003 
(each driver) 

ABSOLUTE MAXIMUM RATINGS TA=25·C free air temperature for anyone 
Darlington pair unless otherwise specified.' 

SYMBOL PARAMETER RATING UNIT 

VCE Output voltage 50 V 

VIN Input voltage 30 V 

VEBO Emitter base voltage 6 V 

Ic Continuous collector current 500 mA 

Ie Continuous base current 25 mA 

Pc Maximum power dissipatlon2 

F package 1190 mW 
N package 1450 mW 
D package 1090 mW 

TJ Operating junction temperature 150 ·C 

TA 
Operating ambient temperature o to +85 ·C 
range 

TSTG Storage temperature range -65 to +150 ·C 

NOTES: 
I. Under normal operating oonditions, these units will sustain 350mA per output with VCE(SAT) = '.6V at 70·C 

with a pulse width of 20m. and a duty cycle of 30%. 
2. Cerate above 2S·C, at the following rates: 

F package at 9.SmW rc 
N package at 11.6mWrC 
o package at 8. 7mW rc 
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Type ULN2004 
(eech driver) 

Product Specification 

ULN2003/04 

.--,,+--oCOM 
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Signetlcs Linear Products Product Specification 

High Voltage/High Current Darlington Transistor Arrays ULN2003/04 

DC ELECTRICAL CHARACTERISTICS T A = 25·C, unless otherwise specified. I , 2, 3 

TEST LIMITS 
SYMBOL PARAMETER TEST CONDITIONS 

FIG. 
UNIT 

Min Typ Max 

ICEX Output leakage current VCE - 50V, T A = 70·C lA 100 jJA 
Type ULN2004 VCE = 50V, T A = 70·C, Y,N = 1V 18 500 IIA 

VCE(SAT) Collector·emitter Ic = 350mA, 18 = 50011A 2 1.25 1.6 V 
Saturation volta.Qe Ic = 200mA, 18 = 35011A 2 1.1 1.3 V 

Ic = 100mA, 18 = 250jJA 2 0.9 1.1 V 

I'N(ON) Input current 
Type ULN2003 Y,N = 3.B5V 3 0.93 1.35 mA 
Type ULN2004 V'N=5V 3 0.35 0.5 mA 

Y,N = 12V 3 1.0 1.45 mA 

I'N(OFF) Input current Ic - 500jJA, T A = 70·C 4 50 B5 jJA 

V'N(ON) Input voltage 

Type ULN2003 VCE = 2V, Ic = 200mA 5 2.4 V 
VCE - 2V, Ic = 250mA 5 2.7 V 
VCE = 2V, Ic - 300mA 5 3.0 V 

Type ULN2004 VCE = 2V, Ic = 125mA 5 5.0 V 
VCE = 2V, Ic = 200mA 5 B.O V 
VCE = 2V, Ic = 275mA 5 7.0 V 
VCE = 2V, Ic = 350mA 5 B.O V 

C,N Input capacitance 15 30 pF 

IR Clamp diode leakage current VR=50V 6 50 IIA 
VF Clamp diode forward voltage IF = 350mA 7 1.7 2 V 

NOTES: 
1. All limits ststed apply to the complete Darlington series except as specified for a single device type. 
2. The I'N(OFF) current IImH guarantees against partial turn-on of the output. 
3. The V'N(ON) voltage limit guarantees a minimum output sink current per the specified test conditions. 

AC ELECTRICAL CHARACTERISTICS TA = 25·C, unless otherwise specified. I , 2, 3 

TEST LIMITS 
SYMBOL PARAMETER TEST CONDITIONS 

FIG. 
UNIT 

Min Typ Max 

tpLH Turn·on delay 0.5 E'N to 0.5 EOUT 1.0 5 (.IS 

tpHL Turn·off delay 0.5 E'N to 0.5 EOUT 1.0 5 (.IS 

NOTES: 
1. All IimHs stated apply to the complete Da~ington series except as specified for a single device type. 
2. The I'N(OFF) current limit guarantees against partial turn·on of the output. 
3. The V'N(ON) voltage IimH guarantees a minimum output sink current per the apecified test conditions. 
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Signetlcs Linear Products Product Specification 

High Voltage/High Current Darlington Transistor Arrays ULN2003/04 

TYPICAL PERFORMANCE CHARACTERISTICS 
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OPEN ·50\1 OPEN 

b. Figure 2 
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Signetics Unear Products Product Specification 

High Voltage/High Current Darlington Transistor Arrays ULN2003/04 

TEST CIRCUITS (Continued) 

OPEN OPEN -50Y OPEN 

OPEN 

1 
TC13711S TOl8721S 

Figure 3 Figure 4 Figure 5 

+50V 

OPEN OPEN 

TCl3731S TC131418 

Figure 6 Figure 7 

TYPICAL APPLICATIONS 

C01,,128 

TTL·to-Load ULN2003 
COl1!02S 

Buffer for Higher Current Loads ULN 2004 
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Linear Products 

BCD 
Binary Coded Decimal. 

BI/RBO 
Blanking Input or Ripple Blanking Output. 

CE 
Chip Enable. 

CLR 
Clear. Clear command will preset all internal 
circuits to a predetermined state. 

Duty Cycle 
Ratio of time on to time off. Generally ex
pressed in percentage. 

fMAX 
The maximum clock frequency; the maximum 
input frequency at a clock input for the 
predictable performance. Above this frequen
cy the device may cease to function. 

ISlAS 
Input Bias Current. Current into an analog 
circuit input, specified at a particular voltage 
level. 

Icc (-ICC) 
Supply Current. The current flowing into the 
+Vce (-Vecl supply terminal of the circuit 
with specified input conditions and open out
puts. Input conditions are chosen to guaran
tee worst case operation unless specified. 

IIH 
Input High Current. The current flowing into or 
out of an input when a specified HIGH level 
voltage is applied to that input. 

IlL 
Input Low Current. The current flowing out of 
an input when a specified LOW level voltage 
is applied to that input. 

10H 
Output Current Source the device can supply 
while maintaining a specified voltage output 
level. 

10L 
Output Low Current. The current flowing into 
an output when it is in the LOW state. 

lOS 
Output Short-Circuit Current. The current 
flowing out of an output which is in the High 
state when that output is shorted to ground. 

Is 
Source Current. Current flowing into the V s 
supply terminal of the device with spec~ied 
operating conditions. 

February 1987 

Symbols and Definitions for 
Peripheral and Display Drivers 

ISEG 
Segment Current. The amount of current 
supplied to each segment as a display. Cur
rent ratios are generally compared to seg
ment 'b'. 

LED 
Light-Emitting Diode. 

RBI 
Ripple Blanking Input. 

Segment Identification 

Segment Identification 

tH 
Hold Time. The interval immediately following 
the active transition of the timing pulse (usual
ly the clock pulse) or following the transition 
of the control input to its latching level, during 
which interval the data to be recognized must 
be maintained at the input to ensure its 
continued recognition. A negative hold time 
indicates that the current logic level may be 
released prior to the active transition of the 
timing pulse and still be recognized. 

tpHL 
Propagation Delay Time. The time between 
the specified reference points on the input 
and output waveforms with the output chang
ing from the defined HIGH level to the defined 
LOW level. 

tpLH 
Propagation Delay Time. The time between 
the specified reference points on the input 
and output waveforms with the output chang
ing from the defined LOW level to the defined 
HIGH level. 

tREC 
Recovery Time. The time between the refer
ence point on the trailing edge of an asyn
chronous input control pulse and the refer
ence point on the activating edge of a syn
chronous (clock) pulse input such that the 
device will respond to the synchronous input. 
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ts 
Setup Time. The interval immediately preced
ing the active transition of the timing pulse 
(usually the clock pulse) or preceding the 
transition of the control input to its latching 
level, during which interval the data to be 
recognized must be maintained at the input to 
ensure its recognition. A negative setup time 
indicates that the correct logic level may be 
initiated sometime after the active transition 
of the timing pulse and still be recognized. 

Truth Tables 
o = logic level LOW 

1 = logic level HIGH 

x = don't care condition; has no effect under 
Circuit conditions listed. 

Typical Value 
The typical value of a particular parameter at 
25°C determined by characterization of the 
device or sampling. Usually indicates that the 
particular device is not 100% tested for the 
parameter because it does not vary or can be 
determined by design and other tested vari
ables. Occasionally typical values are given 
rather than minImax values because 100% 
testing would raise the cost of the product to 
a prohibitive level. If a typical value must be 
guaranteed to ensure specific operation, cus
tom testing can often be provided at an 
additional cost to the user. 

VSR 
Output Breakdown Voltage. Maximum volt
age applied to a disabled (off) output to 
ensure a leakage current less than the speci
fied value. 

Vcc {-Vce> 
Supply Voltage. The range of power supply 
voltage over which the device will operate 
safely. 

VF 
Forward voltage drop of a device at a speci
fied current level. 

VIH 
Input High Voltage. The range of input volt
ages recognized by the device as a logic 
HIGH. 

VIL 
lnput Low Voltage. The range of input volt
ages recognized by the device as a logiC 
LOW. 

I 



Signetlcs Uneor Products 

Symbols and Definitions for Peripheral anQ Di$Play Drivers 

VIN 
The range of voltage on any input which the 
device can safely handle or a specified input 
voltage to the device. 

VOH 
Output High Voltage. The minimum guaran
teed High voltage at an output terminal for the 
specified output current IOH and at the mini
mum Vee value. 

February 1987 

VOL 
Output Low Voltage. The maximum guaran
teed low voltage at an output terminal sinking 
the specified load current IOL. " 

VOUT 
The range of voltage on any output which the 
device can safely handle or a specified output 
voltage to the device. 
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Vs 
Source Voltage. A separate Vee line depend
ing on part type. 

XX 
Negate Bar. When it appears over a function 
indicates that the "true" or valid condition of 
that function is a logic LOW level; 
i.e., LE would require a logic HIGH level to 
cause a latch enable; 
LE would require a logic LOW level to cause a 
latch enable. 



Signetics NE587 
LED Decoder/Driver 

Linear Products 

DESCRIPTION 
The NE587 is a latch/decoder/driver for 
7-segment common anode LED dis
plays. The NE587 has a programmable 
current output up to 50mA which is 
essentially independent of output volt
age. power supply voltage. and tempera
ture. The data (BCD) inputs and LE 
(latch enable) input are low-loading so 
that they are compatible with any data 
bus system. The 7 -segment decoding is 
implemented with a ROM so that alter
native fonts can be made available. 

BLOCK DIAGRAM 

Preliminary Speclflestlon 

FEATURES 
• Latched BCD Inputs 
• Low loading bus-compatible 

Inputs 
• Ripple-blanking on leadlng- andl 

or trailing-edge zeros 

APPLICATIONS 
• Digital panel motors 
• Measuring Instruments 
• Test equipment 
• Digital clocks 
• Digital bus monitoring 

~---------------------, 

Vcc(11) 

l1li,5) 

Do (7) 

D,(,) 

D.(.) 

Do (I) 

Il!(') 

fp(8) 

0 
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PIN CONFIGURATIONS 

F, N Packages 
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IIliI 5 

DIG GND 

NOTE: 

TOP VIEW 

o Package1 

TDPVIEW 

1. SOL and non-standatd pinout. 

Vee 

NC I 



Signetics Linear Products 

LED Decoder/Driver 

ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

2O-Pin Plastic SOL o to +70'C NE58701 

18-Pin Plastic DIP o to +70'C NE587N 

18-Pin Cerdip o to +70'C NE587F 

NOTE: 
I. SOL and non·standard pinout 

ABSOLUTE MAXIMUM RATINGS TA = 25'C unless otherwise specified. 

SYMBOL PARAMETER 

Vee Supply voltage 

VIN 
Input voltage 

(Do - 03, LE, RBi) 

VOUT 
Output voltage 

(a-g, RBO) 

Pc Power dissipetion (25'C)1 

TA Ambient temperature range 

TJ Junction temperature 

TSTG Storage temperature range 

TSOLD Soldering temperature (1 Osee max) 

NOTE: 
I. Cerate power dissipation as indicated 

N package - 95'C/W above 55'C 
F package - IOO'C/W above 5O'C 

February 1987 

RATING UNIT 

-0.5 to +7 V 

-0.5 to +15 V 

-0.5 to +7 V 

1000 mW 

o to 70 'c 
150 'c 

-85 to +150 'c 
300 'c 
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Signetics Unear Products Preliminary Specification 

LED Decoder/Driver NE587 

DC ELECTRICAL CHARACTERISTICS Vcc - 4.75 to 5.25V, o·c < TA < 70·C. Typical values are at Vcc - 5V, TA = 25·C, 
Rp -lkO (± 1%), unless otherwise specified. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Vcc Operating supply voltage 4.75 5.00 5.25 V 

VIH Input high voltage 
All inputs except BI 2.0 15 

V BI 2.0 5.5 

VIL Input low voltage 0.8 V 

VIC Input clamp voltage IIN--12rnA, TA-25·C -1.5 V 

Inputs Do - Oa, [E, RBi p.A 
VIN-2.4V 1.0 10 

IIH Input high current VIN-15V 15 15 
Input Bl (Pin 4) 10 100 p.A 

RBi-H 
VIN - Vcc - 5.25V 

VIN = 0.4V, Inputs Do - Os -5 
[E, RBi -200 p.A 

IlL Input low current Input Bl 
Vcc- 5.25V -0.7 rnA 

RBi - H, VIN - 0.4V 

VOL Output low voltage OUtput mm 
0.2 0.5 V 

10UT-3.0rnA 

Output Rim 
VOH Output high voltage lOUT - -50p.A 3.5 4.5 V 

Jm-H 

lOUT 
OUtput segment Outputs "a" through "g" 

20 25 30 rnA "ON" current VOUT-2.0V 

.o.IOUT 
Output current ratio With reference to "b" segment 

0.90 1.00 1.10 
(all outputs ON) VouT=2.0V 

IOFF 
Output segment Outputs "a" through "g" 

20 250 p.A 
"OFF" current VOUT-5.0V 

Vcc- 5.25V 
lceo Supply current All outputs "ON" 33 55 rnA 

VOUT> 1V 

Icci Supply current Vcc- 5.25V 
50 70 rnA 

All outputs blanked 

NOTE: 
NE587 Programming: 
The NE587 output current can be programmed, provided a program resistor, Rp, be ccnnected between Ip (Pin 8) and Ground (Pin 9). The vcltage at 

1_ ~ . 
Ip (Pin 8) Is ccnstant (""I.aV). Thus, a current through Rp is Ip ... -, as shown In Agure 5. - is 20 In the 15 Ie SOmA ou1put current range. 

Rp Ip 
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AC ELECTRICAL CHARACTERISTICS Vee = 5V, TA = 25°C, RL = 130n, CL - 30pF including probe capacity. 

SYMBOL PARAMETER TEST CONDITIONS 

IoAV 
Propagation delay 

From data to output 
Figure 2 

tOAV 
Propagation delay 

From u: to output 
Figure 3 

tw Latch enable pulse width 
Figure 4 

Is 
Latch enable setup time 

From data to LE 
Figure 4 

IH 
Latch enable hold time 

From i:E to data 
Figure 4 

NOTE: 
toAV * b (IHL + tLHl 

TRUTH TABLE 

BINARY INPUTS OUTPUTS 

INPUT tE Rif Da 
- H * X 

0 L L L 

0 L H L 
1 .L X L 
2 L X L 
3 L X L 
4 L X L 
5 L X L 
6 L X L 
7 L X L 
8 L X H 
9 L X H 

10 L X H 
11 L X H 
12 L X H 
13 L X H 
14 L X H 
15 L X H 

**BI X X X 

NOTES: 
H = HIGH voltage level, output is "OFP' 
L - LOW voltage level, output is "ON" 
X - Don't care 

Da D1 Do a 

X X X 

L L L H 

L L L L 
L L H H 
L H L L 
L H H L 
H L L H 
H L H L 
H H L L 
H H H L 
L L L L 
L L H L 
L H L H 
L H H L 
H L L H 
H L H H 
H H L L 
H H H H 

X X X H 

• The mil will blank the display only H a binary zero is stored in the latches . 
•• mronIi used as an input overrides all other input conditions. 
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b c d e 

STABLE 

H H H H 

L L L L 
L L H H 
L H L L 
L L L H 
L L H H 
H L L H 
H L L L 
L L H H 
L L L L 
L L L H 
H H H H 
H H L L 
L L H L 
H H L L 
L H H L 
H H H H 

H H H H 

LIMITS 
UNIT 

Min Typ Max 

135 ns 

135 ns 

30 ns 

20 ns 

0 ns 

DISPLAY 
f 9 Rim 

** STABLE 

H H L BLANK 

L H H 0 
H H H 1 
H L H 2 
H L H 3 
L L H 4 
L L H 5 
L L H 6 
H H H 7 
L L H 8 
L L H 9 
H L H -
L L H E 
L L H H 
L H H L 
L L H P 
H H H Blank 

H H L** Blank 
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NE587 PROGRAMMING 
NES87 output current can be programmed by 
using a programming resister, Rp, cennected 
between Rp (Pin 8) and GND (Pin 9). The 
voltage at Rp (Pin 8) is censtant ( ... 1.40V). A 
partial schematic of the voltage reference 
used in the NE587 is shown In Figura 1. 

. 
tl~· 
·0· Output current to program current ratio, lollp, 

is 20 in the 1 SmA to SOmA range. Note that Ip 
must be derived from a resistor (Rp), and not 
from a high-impedance source such as an 
lOUT DAC used te centrol display brightness. 

Segment Identification 

Vee 
r---- ... 

:-
I 
I 
I 
I VIp tAO¥' 

: !p0"iiP"" 
I 
I 

----------: 

TCI08108 

Figure 1 

TIMING DIAGRAMS 

..... X X 
OUTPUT C='PLH-I 1-'--1 

I \ 
U::: L 

""' ..... 
Figure 2. Propagation Dllay. Data-to-Output 

il! 

.... 3 __________ ~x _________ _ 
__ ~I \'----

WF'_ 
Figure 3. Propagation Delay. Latch Enabll-to-Output 
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POWER DISSIPATION 
CONSIDERATIONS 
LED displays are power-hungry devices, and 
inevitably, somewhat ineffiCient in their use of 
the power supply necessary to drive them. 
Duty cycle centrol does afford one way of 
Improving display effiCiency, provided that the 
LEOs are not driven too far inte saturation; 
but the improvement is marginal. Operation at 
higher peak currents has the added advan
tage of giving much better matching of light 
output, both from segment-to-segment and 
diglt-ta-digit. 

An output current of 10 te SOmA was chosen 
so that it would be suitable for multiplexed 
operation of large-size LED digits. When de
signing a display system, particular care must 
be taken te minimize power dissipation within 
the IC display driver. Since the output is a 
censtant-current source, all the remaining 
supply voltage, which is not dropped across 
the LED (and the digit driver, if used), will 
appear across the output. Thus, the power 
dissipation will go up sharply if the display 
power supply voltage rises. Clearly, then, it is 
good design practice to keep the display 
supply voltage as low as possible, censistent 
with proper operation of the supply output 
current sources. Inserting a resistor or diode 
In series with the display supply is a good way 
of reducing the power dissipation within the 
integrated circuit segment driver, although, of 
ceurse, ICtal system power remains the 
same. 

Power diSSipation may be calculated as fol
lows. Referring te Figure 6, the two system 
power supplies are Vex; and Vs. In many 
cases, these will be the same voltage. Neces
sary parameters are: 

Vex; 
Vs 
lex; 

Koc 

Supply voltage to driver 
Supply voltage to display 
Quiescent supply current of 
driver 
LED segment current 
LED segment forward voltage at 
ISEG 

% Duty cycle 

VF, the forward LED drop, depends upon the 
type of LED material (hence the celor) and 
the forward current. The actual forwJlrd volt
age drops should be obtained from the LED 
display manufacturer's literature for the peak 
segment current selected; however, approxi
mate voltages at nominal rated currents are: 

Red 
Orange 
Yellow 
Green 

1.6 to 2.0V 
2.0 te 2.SV 
2.2 te 3.SV 
2.S te 3.SV 

I 
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""TPUT )a< __ ..... _______ _ 
Figure 4 

TYPICAL PERFORMANCE CURVES 

Supply Current va Suppiy Voltage 

".0 

.6.0 

t 
OCC30.0 

(mAl 

25.0 

20 •• 

:::~ 

:~,~~ I 
AU OUTPUTS "ON 

(0'" ~~ 
,,6'01 ~~ 

I......:~ ~" 
~~ ~it-'~ , "1\ 

(7O"C1 

4.0 ..... 4.8 1i,2 5.1 6.0 8.4 
'Icc (YOLTS) ___ 

Normalized Output Current VB Supply 
Voltage Vo = 2V, TA = 25°C 

,oo 

~ "66' ......... (Rps lKI 

.......... 
~ .. 

.. 
4.0 4.5 5.0 5.5 '.0 

ycc(YOt.1'S)~ 
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Output Current VB Output Voltage 
Rp= 1kn 

.... 
30 .• 

t 20.0 
lOuT 
(mA) 

, ... 

26..,1 u: ",... 

f' ~ 

o 1.0 2.0 3.0 4.0 6.0 

'lOUT (VOlTS) ___ 

I 

01"011419 

Maximum Power Dissipation vs 
Temperature 

'000 

~ 

... 
200 

.. '6 

""" .... 
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These voltages are all for single-diode dis
plays. Some early red displays had 2 series 
LEOs per segment; hence the forward volt
age drop was around 3.5V. 

Thus, a maximum power dissipation calcula
tion when aI/ segments are on, is: 

Po = Vee X Icc + (Vs - VF) X 7 X 
ISEG X KocmW 

AssumingVs = Vee = 5.25V 
VF = 2.OV 
Koc= 100% 

Po MAX = 5.25 X 50 + 3.25 X 7 X 30mW 
= 945mW 

Normalized Output Current vs 
Temperature Vee = 5.0V 

110.0 

t 105.0 

lOuT 
"'66' 

(Rp = lK) 

l- i "'I 
100.0 

.... 

.. .. 

..... -t-

10 20 30 40 50 60 70 80 

TEMP("Cl_ 

Output Current VB Program Resistor 

50.0 

t ... • 
• lOuT 

(mA) 

• 
... 

• 

"cel.ov 
TA-as-C.-
Vour=2V 

\ 
\ 

"-
I---

r-
2.0 4.0 6.0 8.0 10.0 

Rp(KahlMJ~ 
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D. 
D, 
D, 

I, 

NOTE: 

Vee 

1 00,. 

· • , 
NE587 • · I 

• 

11 
1 

Decoupling capacitor on Vee should be 0.01 tJF ceramic. 

f 
I I 

B 
1 I 

RBO 

TO" .... 

Figure 6. Driving a Single Digit 

However, the average power dissipation will 
be considerably less than this. Assuming 5 
segments are on (the average for all output 
code combinations), then 

Po MAX = 5.0 X 30 + 3.00 X 5 X 25mW 
= 525mW 

Operating temperature range limitations can 
be deduced from the power dissipation graph. 
(See Typical Performance Characteristics.) 

However, a major portion of this power dissi
pation (Po MAX) is because the current 
source output is operating with 3.25V across 
it. In practice, the outputs operate satisfactori
ly down to 0.5V, and so the extra voltage may 
be dropped external to the integrated circuit. 

Suppose the worst-case VccIVs supply is 
4.75 to 5.25V, and that the maximum VE for 
the LED display is 2.25V. Only 2.75V is 
required to keep the display active, and 
hence 2.0V may be dropped externally with a 
resistor from Vec to Vs. The value of this 
resistor is calculated by: 

2.0 1 
Rs=--- ",,10n (Y2W rating) 

7 X ISEG 

February 1987 

assuming worst case ISEG of 30mA. 

Hence now 

Po MAX = Vcc X Icc + 

and 

(Vs - Vv - Rx X 7 X ISEG) 
X7XIsEG XKOC 
= 5.25 X 50 + 1.25 X 
7 X 30mW 
= 525mW 

Po BV - 5.0 X 30 + 1.25 X 5 X 25 
=306 mW. 

If a diode (or 2) is used to reduce voltage to 
the display, then the voltage appearing 
across the display driver will be independent 
of the number of "ON" segments and will be 
equal 10 

VS-VF-nVd, Vo",,0.8V 

Where n is the number of diodes used, power 
dissipation can be calculated in a similar 
manner. 

In a multiplexed display system, the voltage 
drop across the digit driver must also be 
considered in computing device power dissi
pation. It may even be an advantage to use a 
digit driver which drops an appreciable volt-
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age, rather than the saturating PNP transis
tors shown in Figure 9. For example a Dar
IInglOn PNP or NPN emitter-follower may be 
preferable. Figure 8 shows the NE591 as the 
digit driver in a multiplexed display system. 
The NE591 output drops about 1.8V which 
means that the power dissipation is evenly 
distributed between the two integrated cir
cuits. 

Where Vs and Vce are two different supplies, 
the Vs supply may be optimized for minimum 
system power dissipation and/or cost. Clear
ly, good regulation in the Vs supply is totally 
unnecessary, and so this supply can be made 
much cheaper than the regulated 5V supply 
used in the rest of the system. In fact, a 
simple unsmoothed full-wave rectified sine 
wave works extremely well if a slight loss in 
brightness can be tolerated. A transformer 
voltage of about 3 - 4.5VRMS works well in 
most LED display systems. Waveforms are 
shown below: 

Vs 

ISEG 

The duty cycle for this system depends upon 
V S, VF and the output characteristics of the 
display driver. 

With 
Vs = 4.9V peak 
VF=2.0V 

The duty cycle is approximately 60%. 

I 
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Figure 7. 4-Dlglt Dlaplay WIth Brlghtneea Control and leading-Edge Ripple Blanking 
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Figure 8. Interfacing 1I-00git LED Display With jJP Bus 

February 1987 6·57 

I 



Slgne11cs Unear Products Preliminary Specification 

LED Decoder/Driver NE587 

VS 

..... J ..... ...... DIGIT. 

.... ~ 

..... ....... DIGIT' 

...... ~ 

.... ~ 
..... 

'I ..... 1 
DIGIT • 

DIGIT. 

B B 8 B 
II 11 I II 

~ ., 
•• ME587 I·01 1/ ., 
Do 

i·~ ~ tI 

Figure 9. 4-OIg" Multiplexed LED Display 
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DESCRIPTION 
The NE589 is a latch/decoder/driver for 
7-segment common cathode LED dis
plays. The NE589 has a programmable 
current output up to 50mA which is 
essentially independent of output volt
age, power supply voltage, and tempera
ture. The data (BCD) inputs and IE 
(latch enable) input are low-loading so 
that they are compatible with any data 
bus system. The 7 -segment decoding is 
implemented with a ROM so that alter
native fonts can be made available. 

BLOCK DIAGRAM 

Product Specification 

FEATURES 
• Latched BCD Inputs 
• Low loading bus-compatible 

Inputs 
• Ripple-blanking on leading and/or 

traillng·edge zeroes 

APPLICATIONS 
• Digital panel meters 
• Measuring Instruments 
• Test equipment 
• Digital clocks 
• Digital bus monitoring 

~---------------------, 

Vee (18) 

IIIICs) 

Oo(7) 

D1 (1) 

°2(2) 

00 CO) 

Ll (3) 

Ip CO) 

ClND CO) 

0 

I 
C 

I 

.. 

OAT' 
LATCHES 

J 

IIAHDCW' 
REFERENCE 

1 .. 

1 ~ 
~ 

=:; BCD TO 
7-SEGMENT 

OECODER 

U 

-- SEGMENT 
aMENT ...... 

L---------------i----
VS(10) 
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!llR5/I1(4) 

.(15) 

b(t.) 

c (13) 

• (12) 

.(11) 

I (17) 

.(11) 

.D03800S 

PIN CONFIGURATIONS 

N Package 

TOP VIEW 

CD10520S 

D Package' 

TOP VIEW 

NOTE: 
1. SOL and non-standard pinout. 

853·0950 86554 
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ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

2O-Pin Plastic SOl, non-standard o to +70·C NE5890 

18-Pin Plastic DIP o to +70·C NE589N 

ABSOLUTE MAXIMUM RATINGS T A - 25·C unless otherwise specified. 

SYMBOL PARAMETER 

Vee, Vs Supply voltage 

VIN 
Input voltage 

(00 - 03, [E, ABl) 

VOUT 
Output voltage 

(a-g, RBO) 

Po 
Maximum power dissipation, 
T A = 25·C (still-air) 1 

N package 
o package 

TA Ambient temperature range 

TJ Junction temperature 

TSTG Storage temperature range 

TSOLD 
Lead soldering temperature 

(10 sec. max) 

NOTES: 
1. Dera1e above 25·C, at the following ra1es: 

N package at 13.5mW'·C 
o package at 11.lmW'·C 

November 14, 1986 

RATING UNIT 

-0.5 to +7 V 

-0.5 to +15 V 

-0.5 to +7 V 

1690 mW 
1390 mW 

o to 70 ·C 

150 ·C 

-65 to +150 ·C 

300 ·C 

6-60 
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DC ELECTRICAL CHARACTERISTICS Vcc m 4.75 to 5.25V, O°C < TA < 70°C. Typical values are at Vee - Vs ~ 5V, 
TA = 25°C, Rp = 7kn (± 1 %), unless otherwise specified. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Vec, Operating supply voltage 4.75 5.00 5.25 V 
Vs 

VIH Input high voltage 
All inputs except BI 2.0 15 

V Bi 2.0 5.5 

VIL Input low voltage 0.8 V 

VIC Input clamp voltage liN =-12mA, TA = 25°C -1.5 V 

Inputs Do - OS, LE, RBi 
IIH Input high current VIN = 2.4V 0.1 10 iJA 

VIN = 15V 10 15 iJA 

Input BI (Pin 4) 
IIH Input high current RBi=H 10 p.A 

VIN = Vcc = 5.25V 

IlL Input low current· VIN = O.4V, Inputs Do - Os -5 p.A 
LE, RBI -200 

Input BI 
IlL Input low current Vcc=5.25V -0.7 mA 

RBI = H, VIN = O.4V 

VOL Output low voltage 
Output ROO 

0.2 0.5 V 
IOUT=3.0mA 

Output RBO 
VOH Output high voltage lOUT = - 50iJA 3.5 4.5 V 

RBI=H 

lOUT Output segment "ON" current 
Outputs "a" through "g" 

20 25 30 mA 
VOUT= 2.0V 

Ll.IOUT 
Output current ratio With reference to "b" segment 

0.90 1.00 1.10 mA 
(all outputs ON) VOUT= 2.0V 

IOFF Output segment "OFF" current Outputs "a" through "g" 20 250 iJA 

Vec = 5.25V 
Iceo Supply current All outputs "ON" 25 55 mA 

VOUT > 1V 

Icci Supply current 
Vcc= 5.25V 30 65 mA 

All outputs blanked 
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AC ELECTRICAL CHARACTERISTICS vee = Vs = 5V, TA = 25°C, RL = 130n, CL = 30pF including probe capacity. 

SYMBOL PARAMETER 

tpLH, Propagation delay Figure 2 
tpHL 

tpLH, Propagation delay Figure 3 
tpHL 

tw Latch enable pulse width Figure 4 

Is Latch enable setup time Figure 4 

tH Latch enable hold time Figure 4 

TRUTH TABLE 

BINARY INPUTS 

INPUT LE RBI D3 

- H . X 

0 L L L 

0 L H L 
1 L X L 
2 L X L 
3 L X L 
4 L X L 
5 L X L 
6 L X L 
7 L X L 
8 L X H 
9 L X H 
10 L X H 
11 L X H 
12 L X H 
13 L X H 
14 L X H 
15 L X H 

**BI X X X 

NOTES: 
H - HIGH voltage level, output is "ON". 
L = LOW voltage level, output is "OFF". 
X - Don't care . 

D2 

X 

L 

L 
L 
L 
L 
H 
H 
H 
H 
L 
L 
L 
L 
H 
H 
H 
H 

X 

D1 

X 

L 

L 
L 
H 
H 
L 
L 
H 
H 
L 
L 
H 
H 
L 
L 
H 
H 

X 

TEST CONDITIONS 

From data to output 

From LE to output 

From data to a: 
From LE to data 

OUTPUTS 

Do a b c d e 

X STABLE 

L L L L L L 

L H H H H H 
H L H H L L 
L H H L H H 
H H H H H L 
L L H H L L 
H H L H H L 
L H L H H H 
H H H H L L 
L H H H H H 
H H H H H L 
L H H H L H 
H L L H H H 
L H L L H H 
H L H H H H 
L H L L H H 
H H L L L H 

X L L L L L 

• The RBI will blank the display only ~ a binary zero is stored in the latches. 
•• Rli07l3I used as an Input overrides all other input conditions. 

Segment Identification 
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LIMITS 
UNIT 

Min Typ Max 

135 ns 

135 ns 

85 ns 

75 ns 

'0 ns 

DISPLAY 
f g RBO 

STABLE 

L L L BLANK 

H L H 0 
L L H 1 
L H H 2 
L H H 3 
H H H 4 
H H H 5 
H H H 6 
L L H 7 
H H H 8 
H H H 9 
H H H a 
H H H b 
H L H c 
L H H d 
H H H e 
H H H f 

L L L** blank 
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NE589 PROGRAMMING 
Output current can be programmed by using 
a programming resistor, Rp, connected be
tween rp (Pin 8) and GND (Pin 9). The voltage 
at rp (Pin 8) is constant ("'1.3V). A partial 
schematic of the voltage reference used in 
the NE589 is shown in Figure 1. 

Vee 

Output current to program current ratio, lo/lp, 
is 120 in the 10mA to 50mA range. Note that 
Ip must be derived from a resistor (Rp), and 
not from a high-impedance source such as an 
lOUT DAC used to control display brightness. 

r---- ---------------------. 

OUTPUT 

OUTPUT 

r----
I 
I 

: Ip + 
I 
I 
I 
I 
I 
I 
I 

----------'" 

PIN 8 

Rp 

Figure 1 

V,p 1.3V 
1p=R;"" Rp 

_--.Jx ___ ----'X'--__ _ 
t 'PCH -I 1- 'PHL -I ______ ~f~------~\ __ _ 

Figure 2_ Propagation Delay. Data-to-output 

I ....... H-/ 
\ 1 / 

_________ ~x _________ _ 
--_~I \'----

Figure 3. Propagation Delay. Latch Enable-to-Output 
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CONSIDERATIONS 

NE589 

LED displays are power-hungry devices, and 
inevitably somewhat inefficient in their use of 
the power supply necessary to drive them. 
Duty cycle control does afford one way of 
improving display efficiency, provided that the 
LEOs are not driven too far into saturation, 
but the improvement is marginal. Operation at 
higher peak currents has the added advan
tage of giving much better matching of light 
output, both from segment-to-segment and 
digit-to-digit. 

An output current of 10 to 50mA was chosen 
so that it would be suitable for multiplexed 
operation of large size LED digits. When 
designing a display system, particular care 
must be taken to minimize power dissipation 
within the IC display driver. Since the output is 
a constant-current source, all the remaining 
supply voltage, which is not dropped across 
the LED (and the digit driver, if used), will 
appear across the output. Thus, the power 
dissipation will go up sharply if the display 
power supply voltage rises. Clearly, then, it is 
good design practice to keep the display 
supply voltage as low as possible consistent 
with proper operation of the supply output 
current sources. Inserting a resistor or diode 
in series with the display supply is a good way 
of reducing the power dissipation within the 
integrated circuit segment driver, although, of 
course, total system power remains the 
same. 

Power dissipation may be calculated as fol
lows. Referring to Figure 5, the two system 
power supplies are Vcc and Vs. In many 
cases, these will be the same voltage. Neces
sary parameters are: 

Vcc Supply voltage to driver 
V 5 Supply voltage to display 
Icc Quiescent supply current of driver 
ISEG LED segment current 
VF LED segment forward voltage at ISEG 
KDC % Duty cycle 

VF, the forward LED drop, depends upon the 
type of LED material (hence the color) and 
the forward current. The actual forward volt
age drops should be obtained from the LED 
display manufacturer's literature for the peak 
segment current selected; however, approxi
mate voltages at nominal rated currents are: 

Red 1.6 to 2.0V 
Orange 2.0 to 2.5V 
Yellow 2.2 to 3.5V 
Green 2.5 to 3.5V 

II 
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TIMING DIAGRAMS (Continued) 

------~~~-------
Figure 4. Latch Enable Pulse Width, Setup and Hold Times 

TYPICAL PERFORMANCE CURVES 
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These voltages are all for single diode dis
plays. Some early red displays had. 2 series 
LEOs per segment; hence the forward volt· 
age drop was around 3.5V. 

Thus a maximum power dissipation calcu· 
lation, when all segments are on, is: 

Po = Vee X lee + (VS-VF) x 7 X ISEG 
X KocmW 

Assuming Vs = Vee = 5.25V 

VF=2.0V 

Kbc= 100% 

Po max = 5.25 X 50 + 3.25 X 7 X 30mW 
= 945mW 

Normalized Output Current 
VB Temperature 
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TC1201'S 

Figure 5. Driving a Single Digit 

However. the average power dissipation will 
be considerably less than this. Assuming 5 
segments are on (the average for all output 
code combinations). then 

POAV = 5.0 X 30 + 3.00 X 5 X 25mW 
= 525mW 

A major portion of this power dissipation (Po 
max) is because the current source output is 
operating with 3.25V across it. In practice. the 
outputs operate satisfactorily down to 0.5V. 
and so the extra voltage may be dropped 
external to the integrated circuit. 

Suppose the worst·case VeelVs supply is 
4.75 to 5.25V. and that the maximum VE for 
the LED display is 2.25V. Only 2.75V is 
required to keep the display active. and 
hence 2.0V may be dropped externally wHh a 
resistor from Vee to Vs. The value of this 
resistor is calculated by: 

2.0 
Rs----~10n (1t2w rating) 

7 X ISEG 

November 14. 1986 

assuming worst-case ISEG of 30mA 

Hence now 

Po max = Vee X lee + (Vs-Vv-Rx X 7 

X ISEG) X 7 X XISEG X Koe 

- 5.25 X 50 + 1.25 X 7 X 30mW 

-525mW 

and 

POAV - 5.0 X 30 + 1.25 X 5 X 25 

=306mW 

If a diode (or 2) is used to reduce voltage to 
the display. then the voltage appearing 
across the display driver will be independent 
of the number of "ON" segments and will be 
equal to VS-VF-nVO. Vo~ 0.8V 

Where "n" is the number of diodes used. 
power dissipation can be calculated in a 
similar manner. 

In a multiplexed display system. the voltage 
drop across the digit driver must also be 
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considered in computing device power dissi
pation. It may even be an advantage to use a 
digit driver which drops an appreciable volt
age. rather than the saturating PNP transis
tors shown in Figure 8. For example a Dar
lington PNP or NPN emitter-follower may be 
preferable. Figure 7 shows the NE590 as the 
digit driver in a multiplexed display system. 
The NE591 output drops about 1.8V which 
means that the power dissipation is evenly 
distributed between the two integrated cir
cuits. 

Where Vs and Vee are two different supplies. 
the Vs supply may be optimized for minimum 
system power dissipation and/or cost. Clear
ly. good regulation in the Vs supply is totally 
unnecessary. and so this supply can be made 
much cheaper than the regulated 5V supply 
used in the rest of the system. In fact a simple 
unsmoothed full·wave rectified sine wave 
works extremely well if a slight loss in bright
ness can be tolerated A transformer voltage 
of about 3 - 4.5VRMS works well in most LED 
display systems. Waveforms are shown be
low: 

Vs fL-__ ...1...L __ ...1...L __ ...1. 

ISEG 1ol---..l.,..J...--..l.,...L __ ...L.. 

The duty cycle for this system depends 
upon Vs. VF and the output characteristics 
of the display driver. With 

Vs= 4.9Vpk 

VF=2.0V 

The duty cycle is approximately 60%. 

I 



Signetics Unear Products Product Specification 

LED Decoder/Driver 

V~O-~-----+----~-----4----~~----r-----' 

D3§~~~gJJ D. 
0, 
Do 

.. A, 

LE 

.n..n. 

Figure 6. 4-Dlglt Display With Brlghtne .. Control and leading Edge Ripple Blanking 

-u-
SS ..... 

DECODE 

DATA BUS 

ADDRESS BUS 

~ 
HE ... 

I .. 0, D. 03 0, Os .. 07 

11· .. B ----------------B . • , • . I • 

I 
~ ..... 

1 
Rp 

":" 

Figure 7. Interfacing 8-Dlglt LED Display With JJP Bus 

November 14, 1986 6-66 

NE589 



Signetlcs Linear Products Product Specification 

LED Decoder jDriver NE589 

"'GIT , 

~ J " .... y v '" DlGIT' 

..... V' 
v '" 

~ ..... I '] 

DIGIT • 

DIGIT. 

B B & fl 
II 

11 11 1 IJ 

•• --<> Vs 

~~ ., 
NE ... . , 

Do I'O'. 

Il! I 1~ 
J-~ 

I Figure 8. 4-Dlglt Multiplexed LED Display 

November 14, 1986 6-67 



Signetics 

Linear Products 

LED DECODER DRIVER NE587 
AND 589 
The NE587 and 589 are latchable decoder 
drivers for LED displays. Figure 1 provides a 
summary of their features. 

The programmable constant-current supplies 
(fixed or adjustable) are essentially indepen
dent of output voltage, power supply voltage, 
and temperature. 

The data (BCD) and [E (latch enable) inputs 
are low loading and thus are compatible with 
a data bus system. 

Figure 2 shows a block diagram of the 
NE587/589. Seven-segment decoding is im
plemented using a ROM. 

LED DRIVERS AND POWER 
DISSIPATION CONSIDERATION 
The following discussion refers to the NE587, 
but is also applicable for the 589. 

AN112 
LED Decoder Drivers: Using the 
NE587 and NE589 
Application Note 

• Strobed latch 
• Inputs compatible with NMOS, 

CMOS, DMOS, TTL 

• Inputs are compatible with micro
processor bus 

• BCD Inputs - hexadecimal outpute 

• Single 5V supply • Programmable segment current 

Figure 1. NES87/S89 LED Drivers 

LED displays are power hungry devices, and, 
inevitably, somewhat inefficient in their use of 
the power supply necessary to drive them. 
Duty cycle control does afford one way of 
improving display efficiency, provided that the 
LEDs are not driven too far into saturation, 
but the improvement is marginal. Operation at 
higher peak currents has the added advan
tage of giving much better matching of light 
output, both from segment-to-segment and 
digit-to-digit. 

When designing a display system, particular 
care must be taken to minimize power dissi
pation within the IC display driver. Since the 
NE587 output is a constant programmed 

DECODER 

current source, all the remaining supply volt
age which is not dropped across the LED 
(and the digit driver, if used) will appear 
across the output of the NE587. Thus, the 
power dissipation in the NE587 will go up 
sharply if the display power supply voltage 
rises. Clearly then, it is good design practice 
to keep the display supply voltage as low as 
possible, consistent with proper operation of 
the output current sources. Inserting a resis
tor or diode in series with the display supply is 
a good way of reducing the power dissipation 
within the integrated circuit segment driver, 
although, total system power remains the 
same. 

Figure 2. NES871S89 LED Drivers Block Diagram 
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vee 

110m .. I ':' 

· • I I · B NE117 • · J J • 
• 

11 I -
Figure 3. Typical Appllcatlon8 Driving a Single Digit 

Power dissipation within the NE587 may be 
calculated as follows. Referring to Figure 3, 
the two system power supplies are V cc and 
Vs. In many cases, these will be the same 
voltage. Necessary parametera are: 

• Vee Supply voltage to driver 

• Vs Supply voltage to display 
• lee Quiescent supply current of driver 

• ISEG LED segment current 
• VF LED segment forward voltage at 

ISEG 

• Koc % Duty cycle 

VF, the forward LED drop, depends upon the 
type of LED material (hence the color) and 
the forward current. The actual forward volt· 
age drops should be obtained from the LED 
display manufacturer's literature for the peak 
segment current selected. However, approxi· 
mate voltages at nominal rated currents are: 

Red 1.6 to 2.0V 
Orange 2.0 to 2.5V 
Yellow 2.2 to 3.5V 
Green 2.5 to 3.5V 

These voltages are all for single diode dis
plays. Some early red displays had 2 series 
LEOs per segment, hence the forward volt
age drop was around 3.5V. 

Thus a maximum power dissipation calcula
tion when all segments are on, is: 

Po - Vee X Icc + (Vs - VF) X 7 
X ISEG X Koc mW (1) 

Assuming Vs - Vcc - 5.25V 
VF -2.0V 
Koc- 1OO% 
ISEG-30mA 

February 1987 

Po MAX - 5.25 X 50 + 3.25 X 7 X 30mW 
= 945mW 

However, the average power dissipation will 
be considerably less than this. Assuming 5 
segments are on (the average for all output 
code combinations), then 

Po AV - 5.0 X 30 + 3.00 X 5 X 25mW 
=525 mW 

Operating temperature range limitations can 
be deduced from the power dissipation graph 
in Figure 4. 

However, a major portion of this power dissi
pation (Po MAX) is because the current 
source output is operating with 3.25V across 
it. In practice, the outputs operate satisfactori· 
Iy down to 0.5V, and so the extra voltage may 
be dropped external to the integrated circuit. 

Suppose the worst-case VeelVs supply is 
4.75 to 5.25V, and that the maximum VF for 
the LED display is 2.25V. Only 2.75V is 
required to keep the display active, and 
hence 2.0V may be dropped externally with a 
resistor from Vee to Vs. The value of this 
resistor is calculated by using equation 2. 

VOROP (2) 
Rs - ISEG X # of SEG 

or 

2.0 "-
Rs----""10n (nW rating) 

7 X ISEG 

assuming worst-case ISEG of 30mA, now: 
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Figure 4. Maximum Power Dissipation 
vs Temperature 

Po MAX=VCC X lee + (Vs-Vv-Rx X 7 x 
ISEG) x 7 X ISEG X Koc 

= 5.25 X 50 + 1.25 X 7 X 30mW 
= 525mW (3) 

and Po AV = 5.0 X 30 + 1.25 X 5 X 25 
=306mW 

If a diode (or 2) is used to reduce voltage to 
the display, then the voltage appearing 
across the display driver will be independent 
of the number of "ON" segments and will be 
equal to 

Vs - VF - nVo, Vo "" 0.8V 

Where n is the number of diodes used, and so 
power dissipation can be calculated in a 
Similar manner. 

In a multiplexed display system, the voltage 
drop across the digit driver must also be 
considered in computing device power dissi
pation. It may even be an advantage to use a 
digit driver which drops an appreciable volt
age, rather than the saturating PNP transis
tors shown in Figure 5. For example, a 
Darlington PNP or NPN emitter-follower may 
be preferable. Figure 6 shows the NE591 as 
the digit driver in a multiplexed display sys
tem. The NE591 output drops about 1.BV, 
which means that the power dissipation is 
evenly distributed between the two integrated 
circuits. 

II 
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Figure 6. Interfacing 8.1)Iglt LED Display With Microprocessor Bus 

Where Vs and Vee are two different supplies, 
the Vs supply may be optimized for minimum 
system power dissipation and/or cost. Clear
ly, good regulation in the Vs supply is totally 
unnecessary, and so this supply can be made 
much cheaper than the regulated 5V supply 
used in the rest .of the system. In fact, a 
simple unsmoothed full-wave rectified sine 
wave works extremely well if a slight loss in 
brightness can be tolerated. A transformer 
voltage of about 3 - 4.5VRMS works well in 
most LED display systems. Waveforms are 
shown in Figure 7. 

The duty cycle for this system depends upon 
Vs, VF and the output characteristics of the 
display driver. 

With Vs = 4.9V peak 
VF=2.0V 

The duty cycle is approximately 60%. 

Vs in this example was derived by the circuit 
shown in Figure 7. Remember that the for
ward voltage drop of the rectifying diode must 
be subtracted to arrive at the exact peak of 
the Vs voltage. 

Figure 8 shows other typical application 
schemes for multiplexing LED displays. 

February 1987 

ADDRESSABLE PERIPHERAL 
DRIVERS SUPPORT 
MICROPROCESSOR·BASED 
SYSTEMS 
The Signetics NE590, NE5090 and NE591 
addressable peripheral drivers (APDs) greatly 
facilitate interfacing a variely of support cir
cuits to microprocessor-based systems. 

The APDs are designed to eliminate the need 
for many of the buffers, latches, TTL ICs, and 
discrete transistors currently needed to drive 
peripheral devices. 

Figure 9 shows that each driver includes a set 
of input latches, a 1-of-8 demultiplexer, and a 
set of high current drive outputs together with 
the assorted chip enable and clear logic. 

The low loading inputs of these drivers (typi
cally IlL - 151lA and IIH - 11lA) allow direct 
interfacing to the microprocessor bus. Eight 
addressable latches, which are addressed by 
a three bit binary code and (set/reset) by a 
single binary bit, allow storage of each output 
condition (ON/OFF), allowing the micropro
cessor to continue processing after the APD 
has been addressed. 

Driver selection is accomplished with a low 
active chip enable which may be derived from 
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the 110 decoder common to all 110 devices. 
A low active master clear is also provided to 
reset all outputs simultaneously. This signal 
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.nn. 
Figure 8. 4-Diglt Display With Brightness Control 

and. Leading-Edge Ripple Blanking 
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Figure 9. NE590/59115090 Block DIagram 
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may be generated from the 1/0 decoder or 
set high when not raquired. 

The high current outputs of the drivers 
(250mA sinking with the NE590, 150mA sink
ing with the NE5090 and 250mA sourcing 
with the NE591) allow direct interfacing to 
relays, motors, lamps, LEOs, and other de
vices or systems requiring high current drive 
capabilities. 

Figure 10 demonstrates the use of APOs In a 
microprOcessor-based system. When driving 
LED displays, a single 8-blt word contelns all 
the deta required for defining both digit loca
tion and segment selection. The APo uses 
four bits - three to address one of 8 outputs 
and one to set the output to an ON or OFF 
state. 

When using the NE590 or NE5090, ON refers 
to the output low state in which the output Is 
capable of Sinking a maximum of 250mA for 
the NE590, or 150mA for the NE5090. The 
clear (a:) pin may be tied high and would 
normally not be required in this application . 

The four remaining data bits are required by 
the NE587 which supplies segment data. 
These four BCD data bits are converted into 
seven-segment data used for driving the 

Vcc 

Ot 

O. 

0., 

OUT~TSTAGE 

07 V. ____ -==---, 

8D030118 
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.1 I 
ADORESS BUS }I BUS DRIVER 

'1 

DATA,BUS 
)ISIDIRECTIONAL ,_ 

. L BUS DRIVER I 

MICROPRO~ 

CESSOR 

CONTROL IUS 

anodes of the LEOs. Data is strobed into the 
latches by the LATCH ENABLE INPUT at the 
same time that information is being supplied 
to the NES90. Since the NES87 provides a 
constant-current sink, uniform brightness is 
obtained from each segment in the display. 
The NES87 is capable of supplying up to 
SOmA/segment. Segment currents are set by 
a single programming resistor. 

Figure 10 shows several devices connected 
to the NES91: a relay, a motor, and a DoC 
subsystem. Each device is selected in the 
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Figure 10. Mlcroproce .. o .... Based System 

same manner as the LED digits; that is, three 
bits are used to select the output and one bit 
is used to turn the output ON or OFF. 

An output may be cleared in one of two ways: 

1) By direct selection and clearing of the 
individual latch, 
or 

2) By clearing all outputs through the use of 
the clear input. 
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The latter method does not require address
ing. 

The examples shown in Figure 10 clearly 
demonstrate the advantages that can be 
derived from using the NE590 and NES91 
APos in microprocessor-based systems. 
These devices provide easy interfacing and 
minimize the number of interfacing compo
nents; they also provide the logic interface to 
the microprocessor and the switch function 
and high current drive required by the periph
eral units. 

II 
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DESCRIPTION 
The NE/SA594 is a display driver inter
face for vacuum fluorescent displays. 
The device is comprised of 8 drivers and 
a bias network. and is capable of driving 
the digits and/or segments of most vac
uum fluorescent displays. 

The inputs are designed to be compati
ble with TIL, DTL, NMOS, PMOS or 
CMOS output circuitry. 

There is an active pull-down circuit on 
each output so that display ghosting is 
minimized and no external components 
are required for most fluorescent display 
applications. 

ORDERING INFORMATION 

Product Specification 

FEATURES 
• Digit and/or segment drivers 
• Active output pull-down circuitry 
• High output breakdown voltage 
• Low supply voltage 
• Input compatible with all logic 

outputs 

APPLICATIONS 
• Digital clocks 
• Dashboard displays 
• Panel displays 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

l8-Pin Plastic DIP o to +70·C NE594N 

l8-Pin Ceramic DIP o to +70·C NE594F 

20·Pin Plastic SO o to +70·C NE594D 

l8-Pin Plastic DIP -40·C to + 85·C SA594N 

18-Pin Ceramic DIP -40·C to +85·C SA594F 

EQUIVALENT SCHEMATIC 

,--------------------------------XI .---4r----~------_t----~--~--~vcc 

UK 

H .......... .....,,-+----<) OUT ... 150K 

RZ 

**~~--~-----+ __ ~------~--------~----oGND 
....,.. .. 

December 2, 1986 6-74 

PIN CONFIGURATIONS 

N, F Packages 

TOP VIEW 

CD11640S 

D Package 1 

10PVIEW 
00118508 

NOTEl 
1. SOL - Released In large SO package only. 

853,1045 86702 
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ABSOLUTE MAXIMUM RATINGS (at 25'C unless otherwise noted) 

SYMBOL PARAMETER 

Vec Supply voltage 

VOUT Output voltage 

VIN Input voltage 

Output current 
lOUT Each output 

All outputs 

Maximum power dissipation, 
TA - 25'C (still-air)' 

Po F package 
N package 
o package 

Operating ambient temperature range 
TA NE594 

SA594 

TSTG Storage temperature range 

TJ Maximum junction temperature 

TSOLO Lead soldering temperature (10sec max) 

NOTE: 
1. Oerate above 2S"C, at the following rates: 

F package at 12.0mWrC 
N package at 13.SmWrC 
o package at 11.lmWrC 

December 2, 1988 

RATING 

45 

Vcc 

-0.3, +20 

50 
200 

1500 
1690 
1390 

o to 70 
-40 to +85 

+65 to +150 

-150 

300 
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Product Specification 
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UNIT 

V 

V 

mA 
mA 

mW 
mW 
mW 

'C 
'C 

'C 

'C 

'C 
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DC ELECTRICAL CHARACTERISTICS Vcc= +4.75 to +40V, TA-O to 700 e (NE), TA- -40 to +85°e (SA), 
unless otherwise stated. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Vcc Supply voltage range 4.75 35 40 V 

ICCH Supply current (all outputs high) Vcc = 4OV, VIN = 3.5V 3 6 mA 
Iccl Supply current (all outputs low) Vcc - 4OV, VIN - OAV 0.4 1 mA 

VIN Input voltage range 0 15 V 
VIH Input voltage to ensure logic '1' 2.6 V 
Vil Input voltage to ensure logic '0' 0.8 V 

IIH Input current to ensure logic '1' 100 jJA 
III Input current to ensure logic '0' 10 jJA 
liN Input current VIN= 2.6V 60 130 jJA 

VIN= 5.0V 180 330 jJA 
VIN- 15.0V .68 1.3 mA 

VIN = 3.5V I TA = 25°e Vcc-1.5 Vcc- 1.t V 

VOH Output high voltage lOUT - -25mA I Over temp. Vcc-2 Vcc- 1.3 V 

VOUT with respect to Vcc 

VIN - 3.5V, 
VOH Output high, no load voltage lOUT = 0, T A = 25°e, Vcc- 1 Vcc-0.8 V 

VOUT with respect to Vcc 

VOFF Output 'OFF' voltage level 
VIN=0.8V, 

10 200 mV 
louT-O 

IOH Available output current 
Vcc = 35V, VIN = 3.5V, 

-35 mA 
VouT=30V, TA=25°e 

lOUT Output pulldown current Vcc = VOUT = 3SV, 100 200 400 jJA 
Inputs open 

ICEX Output leakage current T A - 2Soc, VIN - 0.4V -1 
jJA 

Vcc = 40V, VOUT = OV -1 

AC ELECTRICAL CHARACTERISTICS Vcc = 3SV, TA = 2SOC. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

tplH 
Propagation delay -Iow-to-high 

SO% VIN to SO% VOUT 1 S ps output transition 

tpHl 
Propagation delay - high-to-Iow 

SO% VIN to SO% VOUT 3 10 ps 
output transition 

tR Output rise time 10% VOUT to 90% VOUT O.S 3 ps 
IF Output fall time 90% VOUT to 10% VOUT I.S S ps 

December 2, 1988 6·76 
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SWITCHING TIMES OF DRIVERS 

,.,. 

TYPICAL PERFORMANCE CHARACTERISTICS 
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ICcH 
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NE/SA594 

Vee = 35V 

~~;.. ~'IF~ 
NOTE: 

RL." 10K!! 
CL = 50pF 

Includes probe and fixture capacitance. 

Figure 1. Test Circuit 

ICCH V8 Temperature 
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Signe1ics PCF1303T 
18-Element Bar Graph 
LCD Driver 
Preliminary Specification 

Linear Products 

DESCRIPTION FEATURES 
The PCF1303T is an la-element bar • 18-element drive capability 
graph LCD driver with linear relation to • Low current consumption 
control voltage (Vel when in pointer or • Pointer and thermometer modes 
thermometer mode. 

ORDERING INFORMATION 

DESCRIPTION 

28-Pin Plastic SO 
(80-28; SOT-136A) 

BLOCK DIAGRAM 

v .... _ 

VDD 

v. 

VOIO 

J;: 
v;' 

" 

February 1987 

APPLICATION 
• LCD displays 

TEMPERATURE RANGE 

_40°C to 85°C 

PCFt303T 

CP 

6-79 

ORDER CODE 

PCF1303TD 

PIN CONFIGURATION 

D Package 

TOPYIEW 

COl""" 
PIN SYMBOL DESCRIPTION NO. 

1 Vosc OocIU_ pin 
4 I, _ select input 

5 Vss Ground (OV) 
8 0, 
7 a.. 
8 a. 
9 O. 
10 O. 
11 a-
12 cq 
13 O. 
14 a- 8egment outputs 
15 0,. 
18 0" 
17 0,. 
18 0" 
19 0,. 
20 015 
21 0,. 
22 0" 
23 0,. 
24 OR Backplane output 
25 Vc Control voltage 
28 VREF MIN Reference IIOIIage Inputs 
27 VREF MAX 
28 Voc _Iva supply voltage 

NOTE: 
1. Pine 2 and 3 should be connected 10 V ... 

• 



Signetlcs Linear Products Preliminary Specification 

is-Element Bar Graph LCD Driver PCFi303T 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Voo Supply voltage -0.5 to +15 V 

VI Voltage on any input -0.5 to Voo +0.5 V 

±II DC current into any input or output Max. 10 mA 

TSTG Storage temperature range -25 to +125 'C 

TA Operating ambient temperature range -40 to +85 'C 

DC ELECTRICAL CHARACTERISTICS Vss = OV. 

TA ("C) 

SYMBOL PARAMETER Voo -40 +25 +85 UNIT 
V 

Min Max Min Typ Max Min' Max 

100 Quiescent device current 1 10.0 1200 1200 1200 pA 

100 Operating supply current 8.2 2.0 2.0 2.0 .rnA 

6.0 300 300 1000 nA 
±II Input leakage current2 8.2 300 300 1000 nA 

10.0 300 300 1000 nA 

6.0 4.2 4.2 4.2 V 
VIH HIGH level input voltage select input 11 8.2 5.8 5.8 5.8 V 

10.0 7.0 7.0 7.0 V 

6.0 1.8 1.8 1.8 V 
VIL LOW level input voltage select input 11 8.2 2.4 2.4 2.4 V 

10.0 3.0 3.0 3.0 V 

6.0 5.95 5.95 5.95 V 
VOH HIGH level output voltage3 8.2 8.15 8.15 8.15 V 

10.0 9.95 9.95 9.95 V 

6.0 0.05 0.05 0.05 V 
VOL LOW level output voltage3 8.2 0.05 0.05 0.05 V 

10.0 0.05 0.05 0.05 V 

\ 8.0 0.6 0.5 0.35 mA 
-IOH Output current HIGH4 8.2 0.85 0.7 0.45 mA 

10.0 1.0 0.85 0.6 mA 

6.0 0.65 0.5 0.4 mA 
IOL Output current LOW5 8.2 1.0. 0.8 0.6 mA 

10.0 1.3 1.0 0.8 mA 

6.0 0.0 6.0 0.0 6.0 0.0 .6.0 V 
VIC Input voltage control input V C 8.2 0.0 8.2 0.0 8.2 0.0 8.2 V 

10.0 0.0 10.0 0.0 10.0 0.0 10.0 V 

6.0 3.6 5.5 3.6 5.5 3.6 5.5 V 
VIR MAX Input voltage VREF MAX input 8.2 3.6 7.7 3.6 7.7 3.6 7.7 V 

10.0 3.6 9.5 3.6 9.5 3.6 9.5 V. 

6.0 . 0.5 1.0 0.5 1.0 0.5 1.0 V 
VIR MIN Input voltage VREF MIN input 8.2 0.5 4.5 0.5 4.5 0.5 4.5 V 

10.0 0.5 6.0 0.5 6.0 0.5 6.0 V 

8.0 3.0 3.0. 3.0 V 
AVI VREF MAX - VREF MIN 8.2 3.0 3.0 3.0 V 

10.0 3.0 3.0 3.0 V 

±VBP DC component bar output to backplane outputs 8.2 25 10 25 25 mV 
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Signetics Linear Products 

is-Element Bar Graph LCD Driver 

DC ELECTRICAL CHARACTERISTICS (Continued) vss = OV. 

SYMBOL PARAMETER VDD 
V 

IBP Backplane Irequency1 B.2 

±V,O Input offset voltageS B.2 

±~VSTE Step voltage variable9 B.2 

B.O 
SR Input voltage slew rate V c input 10 B.2 

10.0 

NOTES: 
1. VAEF MIN = O.5V, VAEF MAX = 9.5V, Vc = Vose = OV, 11 at Vss or Voo. 
2. Pin under test at Vss or Voo. All other inputs simultaneously at Vss or Voo. 
3. 10 - 0, all inputs at Vss or Voo. 
4. VOH = Voo -O.5V, all inputs at Vss or Voo. 
5. VOL = O.4V, all inputs at Vss or Voo. 
6. IBP = 100Hz, load segment outputs to backplane output 

C,-C,s ';;;O.Q1"F, CBP = C, + C2 + ... C,. ';;;O.05"F, R,-R,.;>2MS"l. 
7. Rose - O.IMS"l, Cose - 390pF. 
8. Number 01 segments 2 or 18. 

For n=2: 

V,O = VC-VAEF MIN _ (VAEF MAXl- (VAEF MIN> ± VH 
18 

For n -18: 

V,O = VC-VREF MAX + (VREF MAX)I~ (VREF MIN) ±VH 

9. See Equation 1. 
10. Condition applies with clock oscillator such that IBP - t OOHz. 

50k 

lOOk 

f-
50 

I I I 
Voo 

k INIUT -
v DD v REF VREF Vc OR Q18 017 Q1. Q1S 014 Q13 012 0 11 Q10 

0.1 
MAX MIN 

II 
PCF1303T 

Vosc ~ Vaa 0, a. 0. 0. 0. 0. a. 0. 0. 

~ V~OR 1 I I I :~380pF vs• 

* 
Figure 1. Typical Application 

Fabruary 1987 
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Preliminary Specification 

PCFi303T 

TA eel 
-40 +25 +85 UNIT 

Min Max Min Typ Max Min Max 

90 110 100 90 110 Hz 

120 120 120 mV 

50 50 50 mV 

50 50 50 VIs 
50 50 50 VIs 
50 50 50 VIs 

I 
c::::::::J 
c::::::::J 
c::::::::J 
c::::::::J 
c::::::::J -------------ro,,,,,,,,, 



Signetics Unear Products 

18-Element Bar Graph LCD Driver 

FUNCTION TABLE 

11 MODE 

L Pointer 
H Thermometer 

NOTES: 
H - HIGH voltage level 
L = LOW voltage level 

FUNCTIONAL DESCRIPTION 
The PCF1303T is an 18-element bar graph 
LCD driver with linear relation to the control 
voltage when in pointer or thermometer 
mode. 

The first segment will energize when the 
control voltage is less than the trigger voltage 
(VT(bar)2) (see Equation 3). 

The circuit has analog and digital sections. 

The analog section consists of a comparator 
with the inverting input coupled to the input 
control voltage. The non-inverting input of the 
comparator is connected via 17 analog 
switches to the nodes of an 18-element 
resistor divider. The extremities of the resistor 

February 1987 

divider are coupled via high input impedance 
amplifiers to the maximum reference voltage 
input and the minimum reference voltage 
input. 

The control input functions with Schmitt trig
ger action. 

The digital section has one reference output 
(OR) to drive the backplane and 18 outputs 
(01 to 01 S) to drive the segments. 

The segment outputs incorporate two latches 
and some gates. 

The circuit is driven by an on-Chip oScillator 
with extemal resistors and capacitors. The 
outputs are driven at typically 100Hz.1 

LINEARITY 
VSTEP - VSTEP' ± .<1VSTEP (1) 

V STEP' is the voltage drop (intemal) across 
the resistor-ladder network, 
.<1 V STEP is the differential on V STEp. 

6-82 

Preliminary Specification 

PCF1303T 

.<1V2 and .<1V2' are the maximum offset volt
age spread of the on-Chip voltage followers. 

ABSOLUTE VOLTAGE TRIGGER 
LEVEL 
The absolute voltage trigger level at the V c 
pin is VT(bar)n; 

VT(bar)n - (VREF MIN ±.<1 V2 1) 
+ (n - I)VSTEP' ±.<1VRI ±.<1Vl 

±VH (3) 

n = number of segments; 2 "" n "" 18. 

.<1VR is the voltage deviation at stl1P n of the 
reSistor-ladder network (for n - 2 or 18, 
.<1VR = .<1VSTEP). 

.<1 V 1 is the offset voltage for the on-Chip 
comparator. 

VH is the hysteresis voltage: 30% 
VSTEP;;;' VH ;;;'10% VSTEP. 

NOTE: 
1. The same sign (+ or -) should be used in 

Equation 2. 



Signetics PCF2100 
LCD Duplex Driver 

Linear Products 

DESCRIPTION 
The PCF2100 is a single-chip, silicon
gate CMOS circuit designed to drive an 
LCD (Uquid Crystal Display) with up to 
40 segments in a duplex manner, espe
cially for low-voltage applications. A 
three-line bus structure enables serial 
data transfer with microcontrollers. All 
inputs are CMOSINMOS compatible. 

ORDERING INFORMATION 

PnoductSpeclncaUon 

FEATURES 
• 40 LCD segment drive capability 
• Supply voltage 2.25 to 6.5V 
• Low current consumption 
• Serial data Input 
• caus control 
• One-polnt built-In OSCillator 
• Expansion poaslbility 

APPLICATIONS 

• LCD displays 

• Gauges 
• Level/volume Indicators 
• Thermometers 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

28-Pin Plastic DIP (SOT-117D) -40'C to + 85'C PCF2100PN 

28-Pin Plastic SO package 
-40'C to +85'C PCF2100TD (50-28; SOT-136A) 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Voo Supply voltage with respect to Vss -0.3 to 8 V 

VN Voltage on any pin Vss-0.3 to V 
Voo + 0.3 

TA Operating ambient temperature range -40 to +85 'C 

TSTG Storage temperature range -85 to +150 'C 

December 2, 1986 6-83 

PIN CONFIGURATION 

D, N Package. 

DLEN 

Vgo DATA 

V .. 

S. 

$.9 52 

S3 

$.7 

S5 

$'5 

$.3 S9 

•• 2 S9 

.11 S.O 

co." ... 
PIN NO. SYMBOL DESCRIPTION 
SUpply 

2 Veo Positive supply 
4 V .. Negative supply 

I"""", 
3 OSC OSCillator input 

27 DATA Data line I CBUS 28 OLEN Data line enable 

• CLB CIocI< burst 
0Utput0 

26 BP1 I Backplane drivers 
25 BP2 (oommon of LCD) 
81 to S20 LCD driver outputs 

853-1039 86701 
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Signetlcs Unear Products 

LCD Duplex Driver 

BLOCK DIAGRAM 

DLEN 

CLB 

DATA 

HANDLING 
Inputs and outputs BrB protectBd against 
electrostatic charge in normal handling. How-

December 2. t 986 

BUS OSCILLATOR 

CONTROL • DIVIDER 

PCF2100 

ever. to be totally safe. it is desirable to take 
normal precautions appropriate to handling 
MOS devices. 

6·84 
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Co 
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pF 
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Signetlcs Unear Products Product Specification 

LCD Duplex Driver PCF21 00 

DC AND AC ELECTRICAL CHARACTERISTICS Voo - 2.25 to 6.5 V; Vss - 0 V; T A - -40 to + 85"C; Ro - 1 Mn; 
. Co - 680pF. unless otherwise specified. 

UMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ . Max 

100 Supply current No external load 10 50 p.A 

100 Supply current No external load; 
30 p.A 

TA--25 to +85°C 

flCO Display frequency See Figure 7; T - 88011S 60 80 100 Hz 

VBP DC component of LCD drive With respect to Vsx ±10 mV 

Load on each segment driver 
10 Mn 

500 pF 

Load on each backplane driver 
1 Mn 
5 nF 

VIH Input voltage HIGH See Figure 8 2 V 

Vil Input voltage LOW See Figure 8 0.6 V 

tR Rise time VBP to Vsx Maximum load 20 lIS 

Inpule CLB, DATA, DLEN1 

tR. IF Rise and fall times See Figure 1 10 lIS 

tWH CLB pulse width HIGH See Figure 1 1 lIS 

tWl CLB pulse width LOW See Figure 1 9 lIS 

\sUOA 
Data setup time See Figure 1 8 lIS DATA -+ CLB 

Data hold time 
See Figure 1 8 tHOOA DATA -+ CLB 

jlS 

\sUEN 
Enable setup time 

See Figure 1 1 lIS OLEN -+ CLB I 
\sUOI 

Disable setup time 
See Figure 1 8 lIS CLB -+ OLEN 

\sUlO 
Setup time (load pulse) 

See Figure 1 8 lIS OLEN -+ CLB 

tBusV 
Busy-time from load pulse to next start of 

See Figure 1 8 lIS transmission 

\sUL2 
Setup time (leading zero) 

See Figure 1· 8 lIS DATA -+ CLB 

NOTE: 
1. All timing values are referred to V,Hmln and V,Lmax (see Figure 1). If external resistors are used in the bus Unes (see Agure 81. the extra time 

constant has to be added. . 
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Signetlcs Unear Products 

LCD Duplex Driver 

ENABLE 

CLB 

DATA 

LEADING ZERO DATAS1 

Figure 1. CBUS Timing 

OLEN .-J 
CLB 

DATA 

f.- TEST LEADING ZERO 

t 81 
2 

S2 

LEADING ZERO 

NOTES: 

53 
4 

S4 

An LCD segment is activated when the corresponding DATA.lJlt Is HIGH. 
When DATA-b~ 21 Is HIGH, the A·latches (BPI) are loaded. 
When DATA.lJlt 21 Is LOW, the B-latches (BP2) are loaded. 
CLB-pulse 23 transfers data from shift register to setected latches. 

The following tests are carried out by the bus control logic: 

8. Test on leading zero. 
b. Test on number of DATA~blts. 
c. Test of dislurbed OLEN and DATA signals during 1ransmission. 

5 
ss S6 S7 

LOAD BIT 

19 
S19 

DISABLE 

20 
S20 

Product Specification 

PCF2100 

LOAOPULSE 

21 

t 
LOAOSIT 

H one of the test cond1tIons Is not fulfilled, no action follows the load conditions (load pulse width OLEN Is LOW) and the driver Is ready to receive new dsta. 

Figure 2. CBUS Data Format 
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LCD Duplex Driver 

NOTES: 
- TA--40'C 
--- TA=+25°C 
---- TA - + 85°C 

o o 

1\ 
sx\ 

\ . 
\. , 

s ...... ~ 
I 

'. TYP 

'" "-
-to-: 

TYP 

8 

0P15180S 

Figure 3. Output Resistance of Backplane and Segments 

200 

1\ 
\ 

TYP 

" r-

400 800 1200 1800 
RaCo(p.o) 

Figure 5. Display Frequency as a Function of Ro X Co Time; 
TA=25°C 
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Product Specification 

PCF2100 

l00r--r-f--t--r-f--t--r-1 

~ TYP 

J! 75 t--t----t--t--t----t--t---i----l 

M~O~~~~~4~~~~~ 

Voo(V) 
OP15140S 

NOTES: 
- TA--40°C 
- - - TA-+25°C 
-.-- TA=+85°C 

Figure 4. Display Frequency as a Function of Supply 
Voltage; RoCo = 680j.IS 

NOTES: 

20 

15 

o o 

- TA=-40II>C 
- - - TA=+25°C 
-._- TA-+85°C 

'ip' 

TYP ~ 
I~ 

4 
VOO(V) 

~1' 
~ 

8 

OP15170S 

Figure 6. Supply Current as a Function of Supply Voltage 
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Signetics Linear Products Product Specification 

LCD Duplex Driver PCF2100 

0IFF1t1Ir. ONIOFF OIFFION ONION 

AAAA BPI 

figure 7. Timing DIagram 

_DRIVER PCF21110 

Vaao VDD1 

r( R 
~ A I~ lk 

~ 
I_ I 

v .. v .. ~ ~ 

NOTElk . 
Vss Hoe I. common. In systsms whore" Is --'"<l that V""" > Voo,+O.5V,. rnI_ should be Inserted to reduce tho CU1l'Ol'lt flowing through tho Input protection. Maximum Input 
current'; 40 /IA. 

figure 8. Input Circuitry 
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LCD Duplex Driver 

NDTES: 

DATA 

CLB 

DLENl 

DLEN2 
-

,--
r-

r-

rl 
~ 

(1) 

~ 

BPl BP2 Sl TDIIIO 

Voo 

DLEN 

CLB PCF2100 osc 

DATA 

UASTEA v •• 

Product Specification 

PCF2100 

LCD 

,i. ~ 

, l 
BPl BP2 Sl TDIIIO 

11 ~ DLEN 

- r- PCF2100 osc -CLB 

r- DATA 

- SLAVE V •• -

1. In the slave mode, the serial resistors between BP1 and BP2 of the PCF2100 and the backplM8 of the LCD must be> 2.7kn In moat appltcatlons the resistance 01 the 
interconnection to the LCD already has a higher value. 
By connecting the OSC to V ... 111. BP pins become Inputs and generate signaia synchronized to the single oacIIlator frequency. thus allowing _sion of several PCF2111. and 
PCF2100 ICs up to tho BP drive capability of 111. mast.r. 

PCF2t 11 Is • 64 LCD-oogmont driver. 

Figure 9. Diagram Showing Expansion Possibility 

December 2. 1988 6-89 
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Signe1ics PCF2111 
LCD Duplex Driver 

Linear Products 

DESCRIPTION 
The PCF2111 Is a single-chip, silicon
gate CMOS circuit designed to drive an 
LCD (Uquid Crystal Display) with up to 
64 segments in a duplex manner; espe
cially for low-voltage applications. A 
three-line bus structure enables serial 
data transfer with microcontrollers.· All 
inputs are CMOS/NMOS compatible. 

ORDERING INFORMATION 

Product Specification 

FEATURES 
• 64 LCD segment drive capability 
• Supply voltage 2.25 to 6.5V 
• Low current consumption 
• Serial data Input 
• CBUS control 
• One-polnt built-In oscillator 
• Expa!1slon possibility 

APPLICATIONS 

• LCD displays 
• Gauges 
• Level/volume Indicators 
• Thermometers 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

40-Pin Plastic DIP (SOT -129) 

40·Pin Plastic SO 
(VSO-4O; SOT-158A) 

BLOCK DIAGRAM 

DLEN 

CLB 

DATA 

BPI 

December 2, 1988 

BUS 
CONTROL 

_40°C to + 85°C 

_40°C to + 85°C 

OSCILLATOR 
& 

DIVIDER 

PCF2111 

6-90 

PCF2111PN 

PCF2111TD 

VDD 

Co 
880 
pF 

OSC 

110 
1M 

V .. 

""""'" 

PIN CONFIGURATION 

PIN ND. 
SUpply 
2 
4 

Inpula 
3 
1 
38 
40 

DuIputa 
5 to 36 
38 
37 

N, D Packages 

DLEN 

VDD DATA 

BPI 

V. ~ 

831 

S30 

S2B 

S25 

S24 

S23 

S18 

817 

81 

S2 

83 

S4 

S5 

S6 

S7 

sa 
sa 
810 

811 

812 

813 

814 

815 

816 --.....--....-
8YMBOL 

Voo 
v .. 

CD11110S 

DESCRIPTION 

PooItive supply 
N_tive supply 

OSC Oscillator Input 

CLB Clock burst I 
DATA Data line CBU8 
OLEN Data Una enable 

81 to 832 

BPI I 
BP2 

LCD driVer outputs 
Backplane drivers 
(common of LCD) 

853-1038 88701 



Signetics Linear Products 

LCD Duplex Driver 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Voo Supply voltage with respect to V ss -0.3 to 8 V 

Vn Voltage on any pin Vss-0.3 to V 
Voo+0.3 

TA Operating ambient temperature range -40 to +85 °C 

TSTG Storage temperature range 

HANDLING 

Inputs and outputs are protected against 
electrostatic charge in normal handling. How-

-65 to +150 °C 

ever, to be totally safe, it is desirable to take 
normal precautions appropriate to handling 
MOS devices. 

Product Specification 

PCF2111 

DC AND AC ELECTRICAL CHARACTERISTICS Voo = 2.25 to 6.5V; vss = OV; TA = _40°C to + 85°C; Ro = 1 Mil; 
Co = 680 pF, unless otherwise specified. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

100 Supply current No external load 10 50 

100 Supply current No external load; T A E -25 to + 85°C 30 

fLCO Display frequency See Figure 7; T = 68011S 60 80 100 

VBP DC component of LCD drive With respect to V sx ±10 

Load on each segment driver 
10 

500 

Load on each backplane driver 
1 
5 

VIH Input voltage HIGH See Figure 8 2 

VIL Input voltage LOW 0.6 

tR 
Rise time 

Maximum load 20 
VBP to Vsx 

Inputs CLB, DATA, DLEN1 

CIN Input capacitance For SOT-129 package 10 
CIN For SOT -158A package 5 

tR, IF Rise and fall times See Figure 1 10 

tWH CLB pulse width HIGH See Figure 1 1 

tWL CLB pulse width LOW See Figure 1 9 

tSUOA 
Data setup time See Figure 1 8 

DATA .... CLB 

tHOOA 
Data hold time See Figure 1 8 

DATA .... CLB 

tsUEN 
Enable setup time See Figure 1 1 

OLEN .... CLB 

tSUOI 
Disable setup time 

See Figure 1 8 
CLB .... OLEN 

tsULD 
Setup time (load pulse) 

See Figure 1 8 
OLEN .... CLB 

tBUSY 
Busy-time from load pulse to 

See Figure 1 8 
next start of transmission 

tsULZ 
Setup time (leading zero) See Figure 1 8 

DATA .... CLB 

NOTE: 
1. All timing values are referred to VIHmln and VILmln (see Figure 1). If external resistors are used in the bus lines (sea Figure 8), the extra time 

constant has to be added. 
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pA 

pA 

Hz 

mV 

Mil 
pF 

Mil 
nF 

V 

V 

I'S 

pF 
pF 

lIS 

lIS 

lIS 

I'S 

lIS 

lIS 

lIS 

I'S 

lIS 

lIS 
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Signetics Unear Products Product Specification 

LCD Duplex Driver PCF2111 

DISABLE 

CLB 

DATA 

LEADING ZERO DATASI LOAD BIT LOAD PULSE 

WF18870B 

figure 1. CBUS Timing 

I-- TEST LEADING ZERO 

CLB 

32 33 34 35 

DATA 

31 32 33 
S31 S32 S7 S3 SS S6 t S2 t 

LEADING ZERO 
LED OUTPUTS LOAD BIT 

WF18880S 

NOTES: 
An LCD segment Is activated when the COI'I'8OpOI'Idlng DATA bit Is HIGH. 
When DATA bit 33 Is HIGH, the A·latohea (BP1)..., loaded. With DATA bit 33 LOW, the B·latches (BP2)..., loaded. CLB-pulse 35 transfers data from shift ~ to setected latches. 

The following tes18 ..., carrleel' oUt by the bus control logic: 
a. Teat on leading zero. 
b. Test on number of DATA bits. 
c. Test of disturbed OLEN and DATA signals during transmlsalon. 

H one of the test oondItIons Is not futfilled, no action follows the load condition (load pulse with OLEN Is LOW) and the driver is ready to _ new data. 

Figure 2. CBUS Data Format 
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LCD Duplex Driver 

\ 
$x\ 

\ . 
_\. , 

1 

BPIIailJ Ia 

o o 

NOT£S; 
- TA--40"C 

I 

--- TA-+25°C 
---- TA-+85OC 

TVP 

.... -- ...: 

TVP 

0P115180S 

Figure 3. Output Resistance of 
Backplane and Segments 

20 

15 

o o 

NOTES: 
- TA--40°C 
--- TA-+25°C 
---- TA" + 85°C 

, 
TVP ~ 
~ 

4 
Voo(V) 

~ 
~ 

OP16170S 

Figure 6. SUfply Cu~rent as a Function 
o Supply Voltage 
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100 t-+--+--t-+-+--+--t--l 

l TVP '= 
l! 75 r-t--t---1-I-t-+-+--+-I 

50 ~o --'--:--'---7-4 --'-~-'--I 

Voo(V) 

NOT£S; 
- TA--40°C 
--- TA-+26°C 
---- TA" + 85°C 

Figure 4. Display Frequency as a 
Function of Supply Voltage 

RoCo = 680jl8 

OFF/OFF ONIOFF 

sfl-t ~ 
,rt ,rt 
J1 Lr 
flu 1\ 
V A 

OFF/ON 

A 
,rt 
fL 
ufL 

1l 

Product Specification 

PCF2111 

200 

\ 
\ 
\ 

I\. 
TVP 
...... -

400 100 1200 1100 
"oCoc"o) 

Figure 5. Display Frequency as a 
Function of Ro X Co 

Time TA = 25°C 

ONION 

A BPI 

,rt BP2 

l.J Sx 

11 BPI .... 

tl Bf'2.SX 

I - ll1LCD I+--

Figure 7. Timing DIagram 
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LCD Duplex Driver 

-- PCF2111 

NOTE: 
Vas lina Is common. In systems wh'ere It 18 expected that Vooz>VoD1+0.5V. a,reslstor should be Inserted to 
reduce tho curront flowing through tho input protoctIon. 
Maximum Input current .. 40"", 

Figure I. Input Circuitry 

Irl llH11QtT PLUS l' DECIMAL POINTS LCD 
LC'IU201_ 

'" ~ 
(1) 

~ 

, l 

J. ~ 

BP1 BPI 'SITOS20 BPI 1!P2 SITOS20 

DATA 

eLI 
DLENI 
DLENZ 

-

NOTES: . 

r----
r-

r-

OLEN 

CL8 
PCF2111 

DATA 

MASTER 

Voo f-
:~ r--- DLEN 

Ole r- - CLB PCF2111 OSC f0-

~ DATA 

'Vas r- SLAVE V .. r-

Product Specification 

PCF2111 

1. In tho slave modo, tho serial resistors botwe8n BPI and BP2 of tho PCF2111 and tho backplane of the LCD must be > 2.7 k!l. In moot applications tho resiotanoe of tho 
interccn.-llon to tho LCD aII'oody has a higher valua. 

By eo...-g osc to V .. tho BP pins become Inputs and generate signals synchronized to tho single ceclilator frequsncy,thus allowing expanoion of several PcF2111, PCF2110, and 
PCF2100 ICo up to tho BP drive capability of tho master. 

PCF2100 Is .40 LCD sagment driver. 
PCF2110 Is • 60 LCD sagmant driver plus 2 LED driver outputs. 

Figure 9. Diagram Showing ExpanBlon PoSBIb111ty for a 11-dlglt PluB 16 Decimal Polnta LCD 
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Linear Products 

DESCRIPTION 
The PCF2112 is a single-chip, silicon
gate CMOS circuit designed to drive an 
LCD (Liquid Crystal Display) with up to 
32 segments in direct drive; especially 
for low-voltage applications. A three-line 
bus structure enables serial data trans
fer with microcontrollers. All inputs are 
CMOS/NMOS compatible. 

ORDERING INFORMATION 

DESCRIPTION 

40·Pin Plastic DIP (SOT-129) 

40-Pin Plastic SO (VS0-40; SOT·158A) 

BLOCK DIAGRAM 

DLEN 

CLB 

DATA 

November 14, 1986 

PCF2112 
LCD Driver 
Product Specification 

FEATURES 
• 32 LCD segment drive capability 
• Supply voltage 2.25 to 6.5V 
• Low current consumption 
• Serial data Input 
• CBUS control 
• One-point built-in oscillator 
• Expansion possibility 

APPLICATIONS 
• LCD displays 

• Gauges 
• Level/Volume Indicators 
• Thermometers 

TEMPERATURE RANGE ORDER CODE 

-40·C to + 85·C PCF2112PN 

-40·C to +85·C PCF2112TD 

VDD 

Co 
OSCIllATOR 

1.SnF 

• DlVIOER OSC 

Ro 
1M 

PCF2112 
v .. 

6-95 

PIN CONFIGURATION 

D, N Packages 

OLEN 

V.., DATA 

BP 

V.. NC 

S25 

S24 

S23 

51 

52 

53 

54 

55 

56 

87 

56 

sa 

81' 

812 

813 

814 

818 815 

S17 S16 ---,. __ --1-

PIN NO. SYMBOL DESCRIPTION 
Supply 
2 VDO Positive supply 
4 Vss NegatiVe supply 

In",,10 
3 

39 
40 

1 
OUtputo 

38 

5-36 
37 

osc 
DATA 
OLEN 
CLB 

BP 

81 to 832 
NC 

Oscillator input } 
Data line 
Delo line e_e CBUS 
Ck)ok burst 

Bacl<plene driver 
(common 01 LCD) 
LCD driver O"lpUts 
Not connected 

853·0957 86556 
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LCD Driver 

ABSOLUTE .MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Voo Supply voltage with respect to V ss -0.3 to 8 V 

Vn Voltage on any pin 
Vss-0.3 to 

V 
Voo +0.3 

TA Operating ambient temperature range -40 to +85 °C 

TSTG Storage temperature range 

HANDLING 
Inputs and outputs are proteCied against 
electrostatic charge in normal handling. How-

-65 to +125 °C 

ever, to be totally safe, it is desirable to take 
normal precautions appropriate to handling 
MOS devices. 

Product Specification 

PCF2112 

DC AND AC ELECTRICAL CHARACTERISTICS Voo=2.25 to 6.5V; Vss = OV; TA=-40°C to +85°C; Ro=1Mn; 
Co = 1.5nF, unless otherwise specHied. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min TyP Max 

100 Supply current No external load 10 50 p.A 

100 Supply currerit 
No external load; 

30 p.A 
TA=-25°C to +85°C 

flCO Display frequency T= 1.5ms 30 40 50 Hz 

Rs Output resistance of each segment l 10 kn 

RBP Output resistance of backplane 
10 = p.A 

2 kn 

VIH Input voltage HIGH l 2 V 

VIL Input voltage. LOW 
see Figure 7 

0.6 V 

Inputs CLB, DATA, DLEN1 

CIN Input capacitance For SOT-129 package 10 pF 
CIN For SOT-158A package 5 pF 

tR, tF Rise and fall times see Figure 1 10 j.lS 

tWH CLB pulse width HIGH see Figure 1 1 I'S 

tWL CLB pulse width LOW see Figure 1 9 j.lS 

\sUOA 
Data setup time 

see Figure 1 8 j.lS DATA ..... CLB 

tHoOA 
Data hold time 

DATA ..... CLB 
see Figure 1 8 j.lS 

tSUEN 
Enable setup time 

see Figure 1 1 j.lS DLEN ..... CLB 

\sUOI 
Disable setup time 

see Figure 1 8 I'S CLB ..... DLEN 

tSULD 
Setup time (load pulse) 

DLEN ..... CLB 
see Figure 1 8 j.lS 

Busy-time from load 
tBUSY pulse to next start of see Figure 1 8 j.lS 

transmission 

\sULZ 
Setup time (leading zero) 

DATA ..... CLB see Figure 1 8 I'S 

NOTE: 
1. AU timing values are referred to VIHmin and VILmax (see Figure 1). If external resistors are used in the .... bus lines (see Figure 7), an extra time 

constant has to be added. 
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LCD Driver PCF2112 

DISABLE 

DLEN --.A: V, .... ------------------~~v~~n 
vlL .... 

CLB 

OATA 

LEADING ZERO DATAS1 LOAD BIT 

Figure 1. CBUS TIming 

DLEN -.l 
-I I-- TEST LEADING ZERO -, 

CLB I 
L_ 

DATA 

BIT NO. 1 2 3 4 5 6 
OUTPUT t SI S2 S3 S4 S5 S6 S7 

LEADING ZERO 

NOTES: 
An LCD segment is activated when the corresponding DATA bit is HIGH. 
When DATA bn 33 is HIGH, the latches are loaded. CLB pulss 35 transfers data from shift register to latches. 
The following tests are carried out by the bus oontrol logic: 
a. Test on leading zero. 
b. Test on number of DATA bits. 
c. Test of disturbed OLEN and DATA signals during transmission. 

32 

31 
S31 

v .. _ 

LOAD PULSE 

33 34 3S 

32 33 
S32 t 

LOAD BIT 

If one of the tests conditions Is not filled, no action follows the load condition (load pulse with OLEN is LOW) and the driver is ready to receive new data. 

FlgurB 2. Data Format 
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LCD Driver 

\ 
Ix\ 
,' .... 

\. , 
'. TYP 

o o 

NOTES; 

BPIOil 

I 

TA--40"C 
- - - TA- +25°C 
_ .. - TA-+85°C 

~ 

TYP 

4 
VDD(V) 

... -r-; 

Figure 3. Output Resistance of 
Backplane and Segmenta 

18 

12 

1 8 
J 

NOTES: 

fI 

TA --40"C 
--- TA-+25°C 
_.- TA-+85°C 

TYP 

.4~ 

IA 
h ~' 
~? 

I(j' 

FIgure 6. Supply Current as a 
Function of Supply Voltage 

November 14. 1986 

°O~~~--~~4~~~--~~ 

VDD(V) 

NOTES: 
RoCo= 1.5mB 

TA"-40°C 
--- TA-+25°C 
_ .. - TA-+85°C 

Figure 4. Display Frequency as a 
Function of Supply Voltage 

_DRIVER 

Product Specification 

PCF2112 

200 

\ 

"' TYP 
......... 

r-

400 800 1200 1800 
RoCo ("') 

Figure 5. Display Frequency as a 
Function of Ro X Co Time 

PCF2112 

____ ~~-----+~VmD V~~t--1~ ______ '-__ __ 

L1." .... 
NOTE: 
Vss line is common. In systems where it is expected that VDD2 > VOD1 + O.5V, a resistor should be Inserted to 

reduce the current flowing through the Input protection. Maximum Input current.( 4OpA. 

Figure 7. Input Circuitry 
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LCD Driver 

NOTES: 

DATA 

CLB 

DLEN1 

DLEN2 

,....--

r-
~ 

-

Ii 
(1) 

/~ 

BP 81TDS32 

VDD 

OLEN 

CLB PCF2112 osc 

DATA 

MASTER Vss 

Product Specification 

PCF2112 

II-DIGIT PLUS. DECIMAL POINTS LCD 

0 

, 
BP S1TDS32 

r1 ,-- OLEN 

........ -- CLB PCF2112 osc r-

~ DATA 

- SLAVE Vss !'""" 

1. In the slave mode, the serial resistor between BP of the PCF2112 and the backplane of the LCD must be > 2.7kQ. In most applications the resistance of the interconnection to the 
LCD already has a higher value. 
By connecting OSC to Vss the BP pin becomaalnput and gonaratas aignals synchronized to the alngle oscillator frequency, thus allowing expansion of several PCF2t 121CB up to the 
BP drive capability of the m .... r. 

Figure 8. DIagram Showing Expansion P088Ibll1ty for an 8-Dlglt Plus 8 Decimal Points LCD 
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Signetics PCF8566 
Universal LCD Driver for Low 
Multiplex Rates 

Linear Products 

DESCRIPTION 
The PCF8566 is a peripheral device 
which interfaces to almost any liquid 
crystal display (LCD) having low multi
plex rates. It generates the drive Signals 
for any static or multiplexed LCD con
taining up to four backplanes and up to 
24 segments and can easily be cascad
ed for larger LCD applications. The 
PCF8566 is compatible with most micro
processors/microcontrollers and com
municates via a two-line bidirectional 
bus (I2C). Communication overheads are 
minimized by a display RAM with auto
incremented addressing, by hardware 
sub-addressing, and by display memory 
switching (static and duplex drive 
modes). 

FEATURES 
• Single-chip LCD controller/driver 
• Selectable backplane drive 

configuration: static or 2/3/4 
backplane multiplexing 

• Selectable display bias 
configuration: statiC, h, or Ya 

• Internal LCD bias generation with 
voltage-follower buffers 

• 24 segment drives: up to twelve 
S-segment numeric characters; up 
to six 15-segment alphanumeric 
characters; or any graphics of up 
to 96 elements 

• 24 X 4-Bit RAM for display data 
storage 

• Auto-Incremented display data 
loading across device subaddress 
boundaries 

ORDERING INFORMATION 

Product SpecIfIcatIon 

• Display memory bank switching 
In statiC and duplex drive modes 

• Versatile blinking modes 
• LCD and logic supplies may be 

separated 
• 3V to 6V power supply range 
• Low power consumption 
• Power saving mode for 

extremely low power 
consumption In battery-operated 
and telephone applications 

• 12C bus Interface 
• TTL/CMOS compatible 
• Compatible with any 4-bit, S-bit, 

or 16-bit mlcroprocessorsl 
mlcrocontrollers 

• May be cascaded for large LCD 
applications (up to 1536 
segments possible) 

• Cascadable with the 40-aegment 
LCD driver PFCS576 

• Optimized pinning for single 
plane wiring in both single and 
multiple PCFS566 applications 

• Space-saving 40-pln plastic SO 
• No external components required 

(even In multiple device 
applications) 

• Manufactured In silicon-gate 
CMOS process 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

40-Pin Plastic DIP (SOT·129) -40°C to + 85°C PCF8566PN 

40-Pin Plastic SO 
-40°C to +85°C PCF8566TD 

(VSO-40; SOT-158A) 

February 12, 1987 6-100 

PIN CONFIGURATION 

BOA 

S22 

S2t 

S20 

v •• n 
esc S18 

S17 

St8 

A2 

vss 
SI2 

sn 

BP1 sa 
BPS sa 

S1 

sa 

S3 S4 

TOPYIEW 

c'"""" 
PIN SYMBOL DESCRIPTION NO. 
1 SDA 12c bus data input! output 
2 SCl l"c bus clock inpuV output 
3 S'i'IiIC Cascade synchronization input! 

output 
4 ClK External clock input/output 
5 Voo Positive supply voltage 
6 OSC Oscillator input 
7 AO I 6 Al I"C bus aubaddreas inputs 
9 A2 

10 SAO 120 bus slave address Bit 0 Input 
11 Vss logic ground 
12 

~~l 
LCD aupply voltage 

13 
14 BP2 LCD backplane outputs 15 BPl 
16 BPS 

17 

~31 to LCD aegment outputs 
40 
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Universal LCD Driver for Low Multiplex Rates 

BLOCK DIAGRAM 

V~Do-::5+-Hr--------iH 

LCD . 
BIAS· 

V~D~12+-~~ __ Q~_~ ___ ~ 

LCD 
VOtrAGE 

8ELEC1Oft 

'----' 

elK 

08C 

SCI. 

IDA 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Vee Power voltage range; see note 

VLce LCD supply voltage range 

VI 
Input voltage range (SCL; SDA; 

AO to A2; OSC; ClK; ~; SAO) 

Vo 
Output voltage range 

(SO to 523; SPO to BP3) 

til DC input current 

tlo DC output current 

tlee. 
tlss. Vee. Vss. or VLCD current 
tlLCe 

PrOT Power dissipation per package 

Po Power dissipation par output 

TSTG Storage tamperature range 

February 12. 1987 

BPO BP2 111'1 8P3 

PCF8668 

RATING 

-0.5 to +7 

Vee-7 to Vee 

Vss-0.5 to 
Voo + 0.5 

VLce-0.5 to 
Vee+ 0.5 

20 

25 

50 

400 

100 

-65 to +150 

6-101 

so 

INPUT 
BANK 

SELEClOR 

UNIT 

V 

V 

V 

V 

rnA 

rnA 

mA 

mW 

mW 

°C 

17 

Product Specification 

PCF8566 

S23 

DJSPLAY SEGMENT OUTPUTS 

DISPLAY LAtcH 

SHIFT REGISTER 

I 
AO A1 A2 

80100108 
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Universal LCD Driver for Low Multiplex Rates PCF8566 

DC ELECTRICAL CHARACTERISTICS Vss = OV; Voo = 3 to 6V; VLCO - Voo -3 to Voo -6V; TA - -40 to + 85°C, unless 
otherwise specified. 

LIMITS 
SYMBOL PARAMETER UNIT 

Min Typ Max 

Voo Operating supply voltage 3 6 V 

VLCO LCD supply voltage Voo-6 Voo-3 V 

100 Operating supply current (normal mode) at fCLK -200kHz 1 180 pA 

ILP 
Power-saving mode supply current at Voo" 3.5V; VLCD = OV; 
fCLK = 35kHz; AO, A 1, and A2 lied to Vss 1 

60 pA 

logic 

VIL Input voltage lOW Vss 0.3 Voo V 

VIH Input voltage HIGH 0.7 Voo Voo V 

VOL Output voltage lOW at 10 = OmA 0.05 V 

VOH Output voltage HIGH at 10 = OmA Voo-0.05 V 

IOL1 Output current lOW (ClK, "S'YNC) at VOL = 1.0V; Voo - 5V 1 rnA 

10H Output current HIGH (ClK) at VOH = 4.0V; Voo = 5V -1 mA 

10L2 Output current lOW (SDA; SCl) at VOL = O.4V; Voo = 5V 3 mA 

±IL 
leakage current (SAO, ClK, OSC, AO, AI, A2, SCL. SDA) 

1 pA 
at VI = Vss or Voo 

RSYNe PUll-Up resistor (SYIiiC) 15 25 60 kO 

VREF Power-on reset level2 1.3 I.B V 

tsw Tolerable spike width on bus 100 ns 

CI Input capacitance3 7 pF 

LCD outputs 

±Vap DC voltage component (BPO to BPS) at Cap = 35nF 20 mV 

±VS DC voltage component (SO to 523) at Cs = 5nF 20 mV 

Rap Output impedance (BPO to BP3) at VLCO = Voo - 50 5 kO 

Rs Output impedance (SO to 523) at VLCD = Voo - 50 7.0 kO 
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Universal LCD Driver for Low Multiplex Rates PCF8566 

AC ELECTRICAL CHARACTERISTICS VSS - OV; Vee = 3 to 6V; Vlce - Vee -3 to Voo -6V; T A = -40 to + 85·C, unless 
otherwise specified. 

LIMITS 
SYMBOL PARAMETER UNIT 

Min Typ Max 

'ClK OSCillator frequency (normal mode)S 125 200 315 kHz 

fClKLP Oscillator frequency (power-saving mode) at Vee = 3.5V 21 31 48 kHz 

tclKH elK HIGH time 1 jJS 

tclKl elK lOW time 1 jJS 

\PSYNC ~ propagation delay 400 ns 

taYNCl SVlIIe lOW time 1 jJS 

!Plce Driver delays with test loads at Vlce = Voo - 5V 30 jJS 

12C bus 

taUF Bus free time 4.7 I'S 

!He, tSTA Start condition hold time 4 I'S 

tLOW Sel lOW time 4.7 I'S 

!HIGH SCl HIGH time 4 I's 

tsu, IsrA Start condition setup time (repeated start code only) 4.7 jJS 

tHe, teAT Data hold time 0 jJS 

tau, tDAT Data setup time 250 ns 

tR Rise time 1 jJS 

tF Fall time 300 ns 

tau, tsro SlOp condition setup time 4.7 jJS 

NOTES: 
1. Outputs open; inputs al Vss or Voo; external clock with 50% duty factor; l"c bus inactive. 
2. Resets all logic when Voo < VREF. 
3. Periodically sampled, not 100% tested. 
4. Outputs measured one at a time. 
5. All timing values referred to VIH and VIL level. with an Input voltage swing of Vss to Voo. 
6. At fCLK < 125kHz, 12Cbus maximum transmission speed Is derated. 

February 12, 1987 6-103 

I 



Signetics Linear Products Product Specification 

Universal LCD Driver for Low Multiplex Rates PCF8566 

FUNCTIONAL DESCRIPTION 
The PCF8566 is a versatile peripheral device 
designed to interface any microprocessor to a 
wide variety of LCDs. It can directly drive any 
static or multiplexed LCD containing up to 
four backplanes and up to 24 segments. The 
display configurations possible with the 
PCF8566 depend on the number of active 
backplane outputs required; a selection of 
display configurations is given in Table 1. 

All of the display configurations given in Table 
1 can be implemented in the typical system 
shown in Figure 1. The host microprocessor I 
microcontroller maintains the two-line 12C bus 
communication channel with the PCF8586. 
The internal oscillator is selected by tying 
asc (Pin 6) to Vss. The appropriate biasing 
voltages for the multiplexed LCD waveforms 
are generated internally. The only other con
nections required to complete the system are 
to the power supplies (Voo, Vss, and VLCO) 
and to the LCD panel chosen for the applica
tion. 

Power-Oh Reset 
At power-on, the PCF8586 resets to a defined 
starting condition as follows: 

1. All backplane outputs are set to Voo. 
2. All segment outputs are set to Voo. 

3. The drive mode '1:4 multiplex with 1/3 
bias' is selected. 

4. Blinking is switched off. 

5. Input and output bank selectors are reset 
(as defined in Table 5). 

6. The 12C bus Interface is Initialized. 

7. The data pointer and the subaddress 
counter are cleared. 

Data transfers on the 12C bus should be 
avoided for 1 ms following power-on to allow 
completion of the reset action. 

LCD Bias Generation 
The full-scale LCD voltage (Vop) is obtained 
from Voo - VLCO' The LCD voltage may be 
temperature-compenssted externally through 
the VLCO supply to Pin 12. Fractional LCD 
biasing voltages are obtained from an internal 
voltage divider of three series resistors con
nected between Voo and VLCO. The center 
resistor can be switched oilt of Circuit to 
provide a 1t2 bias voltage level for the 1:2 
multiplex configuration. 

LCD Voltage Selector 
The LCD voltage selector. coordinates the 
multiplexing of the LCD according to the 
selected LCD drive configuration. The opera
tion of the voltage selector is controlled by 

MoDe SET commands from the command 
decoder. The biasing configurations thet ap
ply to the preferred modes of operation, 
together with the biasing characteristics as 
functions of VOP K Voo - VLCD and the resUlt
ing discrimination ra~os (D), are given in 
Table 2. 

A practicel value for VOP is determined by 
equating VOFF(RMS) with a defined LCD 
threshold voltage (VTH), typically when the 
LCD exhibits approximately 1 0% ~ontrast. In 
the static drive mode, a suitable choice is VOP 
~ 3VTH· 

Multiplex drive ratios of 1:3 and 1:4 With 1t2 
bias are possible, but the discrimination and, 
hence, the contrast ratios, are smaller 
(VS - 1.732 for 1:3 multiplex or '1/211 
3 - 1.528 for 1:4. multiplex). The advantage 
of these modes is a reduction of the LCD 
full-scale voltage VOP as follows: 

1:3 multiElex (1t2 bias): 
VOP = v'6VOFF(RMS) = 2.449VOFF(RMS) 

1:4 multiplex (1t2 bias): 
Vop = 4VS/3VOFF(RMS) = 2.309VOFF(RMS) 

These compare with·Vop = 3VOFF(RMS) when 
1ta bias is used. 

Table 1. Selection of Display Configurations 

ACTIVE 
7-SEGiliENT 14-SEGMENT 

BACKPLANE NO OF SEGMENTS 
NUMERIC ALPHANUMERIC 

DOT MATRIX 
OUTPUTS 

4 96 
12 digits + 6 characters + 96 dots (4 X 24) 
12 indicator symbols 12 indicator symbols 

3 72 
9 digits + 4 characters + 72 dots (3 X 24) 
9 indicator symbols 16 indicator symbols 

2 48 
6 digits + 3 characters + 48 dots (2 X 24) 
6 indicator symbols 6 indicator symbols 

3 digits + 1 character + 24 dots 
1 24 

3 indicator symbols 10 indicator symbols 

1 R<-;~ I: •• I~· 2CBUS SOA 1 17-40 
Hosr SCL Z4 SEGMENT DRIVD 

MICRO. 2 
LCD PANEL 

PROCESSORI PCF8688 13-18 ... 
MICRO. osc 4 (UPlOtII 

CONTROLLER r .- ELEMENTS) 

1 l~ 1~1 1:Z I~ I~ .. 
Figure 1. Typical System CorIfiguration 
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Universal LCD Driver for Low Multiplex Rates PCF8566 

Table 2. Preferred LCD Drive Modes: Summary of Characteristics 

LCD DRIVE MODE 
LCD BIAS 

CONFIGURATION 

static (1 BP) static (2 levels) 
1 : 2 MUX (2BP) 1/2 (3 levels) 
1 : 2 MUX (2BP) 1/3 (4 levels) 
1 : 3 MUX (3BP) 1/3 (4 levels) 
1 : 4 MUX (4BP) 1/3 (4 levels) 

LCD Drive Mode Waveforms 
The static LCD drive mode is used when a 
single backplane is provided in the LCD. 
Backplane and segment drive waveforms for 
this mode are shown in Figure 2. 

When two backplanes are provided in the 
LCD, the 1:2 multiplex drive mode applies. 
The PCF8566 allows use of ~ or h bias in 
this mode as shown in Figures 3 and 4. 

The backplane and segment drive wavefront 
for the 1:3 multiplex drive mode (three LCD 
backplanes) and for the 1:4 multiplex drive 
mode (four LCD backplanes) are shown in 
Figures 5 and 6, respectively. 

VOFF(RMS) VON(RMS) D= VON(RMS) 

VOP VOP VOFF(RMS) 

0 1 00 

V2/4 - 0.354 v10/4 = 0.791 V5= 2.236 
1/3 = 0.333 V5/3=0.745 V5=2.236 
1/3 = 0.333 V33/9 = 0.638 V33/3 = 1.915 
1/3 = 0.333 va/3 = 0.577 va = 1.732 

r"·AME1 
&PO voo - m ~p;: 

vLCD _ I' 

Sn 

STATE 1 
vDD - ru (ON) 

VLCD - _ 

STATE 2 
(OFF) 

&.+' voo-m 
VLCD -- ---~ 

a. Waveforms at Driver 

AT ANY INSTANT (I): 

VIITATE,(I) = v .. (t)-v ... II) 
vOH(IUIS) = vo• 

STATE 2 0 - ----- VIITATEoII) = V .. +,(I)-V.,..II) 

VOFf'(RMS) = OV 

-Yop-
WF19300S 

b. Resultant Waveforms at LCD Segment 

NOTE: 
Vop - Voo - VLCD. 

Figure 2. Static Drive Mode Waveforms 
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Universal LCD Driver for Low Multiplex Rates PCF8566 

LCD Drive Mode Waveforms (Continued) 

V ... _ --Ui=L ~-
IIPO (VDD + V...,.III __ 

V .... _ / 

STATE t 

VDD-~tE~ 
.... (VDD+ V7.:= )..4 .... 

VDD-1Lj .. 
VLCD-- -

V"_~ .... 
Vu:o-- - .. , ..... 

R. Waveforms at DrIver 

V"-U V.,JI--
AT AIfV 1 __ (I), 

STAtE 1 .-- VltA,...(I) • Ya,JfI- Y,..pJ 

-V.,JI--
V_ - ~Vli _ D.1IIY .. 

-Yao--
YITAlII,(I) • VrJII-VIP,(I) 

Vao-- YOfltl(RM8). !fva. Ul4Vop 

V.,JI-~ 
STATE Z .--

-Y.,JI--

-Y .. -
WF18871S 

b. Resultant Waveforms at LCD segment 

NOTE: 
Vop - VOD - VLCO 

Figura 3. Waveforms for 1: 2 Multiplex Drive Mode With l'2 BI88 
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Universal LCD Driver for Low Multiplex Rates PCF8566 

LCD Drive Mode Waveforms (Continued) 

... v"_ 11 r-
v",o-- I L-.J -

a. Waveforms at Driver 

STATE 1 

Yor-- AT MY INSTANT (I): 

2V.,n_-V v .. A",,(t) - V .. (t)-V...J.Q 
v.,n-- VON(RMS) .. !f Vi· a.745VQP 
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LCD Drive Mode Waveforms (Continued) 
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LCD Drive Mode Waveforms (Continued) 
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Figure 6. Waveforms for 1: 4 Multiplex Drive Mode 
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Oscillator 
The internal logic and the LCD drive signals 
of the PCF8566 or PCF8576 are timed either 
by the built-In oscillator or from an external 
clock. 

The clock frequency (fcLld determines the 
LCD frame frequency and the maximum rate 
for data reception from the 12C bus. To allow 
12C bus transmissions at their maximum data 
rate of 100kHz, fCLK should be chosen to be 
above 125kHz. A clock signal must always be 
supplied to the device; removing the clock 
may freeze the LCD in a DC state. 

Internal Clock 
When the internal oscillator is used, OSC (Pin 
6) should be tied to Vss. In this case, the 
output from eLK (Pin 4) provides the clock 
signal for cascaded PCF8566s and 
PCF8576s in the system. 

External Clock 
The condition for external clock is made by 
tying OSC (Pin 6) to Vee; CLK (Pin 4) then 
becomes the external clock input. 

Timing 
The timing of the PCF8566 organizes the 
internal data flow of the device. This includes 
the transfer of display data from the display 
RAM to the display segment outputs. In 
cascaded applications, the synchronization 
signal ~ maintains the correct timing 
relationship between the PCF8566s in the 
system. The timing also generates the LCD 
frame frequency, which it derives as an inte
ger multiple of the clock frequency (Table 3). 
The frame frequenCy is set by MODE SET 
commands when internal clock is used, or by 
the frequency applied to Pin 4 when external 
clock is used. 

The ratio between the clock frequency and 
the LCD frame frequency depends on the 
mode in which the device Is operating. In the 
power-saving mode, the reduction ratio is six 
times smaller; this allOws the clock frequency 
to be reduced by a factor of six. The reduced 
clock frequency results in a signiflcent reduc
tion in pOwer dissip!ltlon. The lower clock 
frequency has the disadvantage of increesing 
the response tfme when large amounts of 
display data are transmitted on the 12C bus. 
When a device Is unable to digest a display 
data byte before the next one arrives, it holds 
the SCL line low until the first display data 
byte is stored. This slows down the transmis
sion rate of the 12c bus, but no data loss 
occurs. 

Display Latch 
The display latch holds the display data while 
the corresponding multiplex signals are gen
erated. There is a one-to-one relationship 
between the data in the display latch, the 
LCD segment outputs, and one column of the 
display RAM. 

February 12, 1987 

Table 3. LCD Frame Frequencies 

PCF8566 MODE fFRAME NOMINAL fFRAME (Hz) 

Normal mode fCLK/2880 64 
Power-saving mode fCLK/480 64 

DISPLAY RAM ADDRESSES (ROWS)/SEGMENT OUTPUTS (8) 

°91°1234 ---mIl202122U 
DlBPLAYRAM ---

arrs (COLUMNS)I 1 
BACKPLANE 2 - --

oUTPUTS (BP) - - -
3 . 

""""'s 
Figure 7. Display RAM Blt·Map Showing Direct Relationship Between 

Display RAM Addresses and Segment Outputs, and Between BI 

Shift Register 
The shift register serves to transfer display 
informetion from the display RAM to the 
display latch while previous data is displayed. 

Segment Outputs 
The LCD drive section includes 24 segment 
outputs SO to 523 (Pins 17 to 40) which 
should be connected directly to the LCD. The 
segment output signals are generated in 
accordance with the multiplexed backplane 
signals and with the data resident in the 
display latch. When less than 24 segment 
outputs are required .. the unused segment 
outputs should be left open. 

Backplane Outputs 
The LCD drive section Includes four back
plane outputs BPO to BP3 which should be 
connected directly to the LCD. The backplane 
output signals are generated in accordance 
with the selected LCD drive mode. If less than 
four backplane outputs are required, the un
used outputs can be left open. In the 1:3 
multiplex' drive mode, BP3 Carries the same 
signal as BP1; therefore, these two adjacent 
outputs cen be tied together to give en· 
hanced drive capabilities. In the 1:2 multiplex 
drive mode, BPO and BP2, BP1 and BP3, 
respectively, carry the same signals, and may 
also be paired to increase the drive cap!lbili· 
ties. In the static drive mode, the same signal 
is carried by all four backplane outputs, and 
they can be connected In parallel for very 
high drive requirements. 

Display RAM 
. The display RAM is a static 24 X 4-blt RAM 
which stores LCD data. A logic 1 In the RAM 
bit-map indicates the" on" state of the corre
sponding LCD segment; similarly, a logic 0 
indicates the "off" state. There is a one-to
one correspondence between the RAM ad
dresses and the segment outputs, and be
tween the Individual bits of a RAM word and 
the backplane outputs. The first RAM column 
corresponds to the 24 segments operated 
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with respect to backplane BPO (Figure 7). In 
multiplexed LCD applicatfons, the segment 
data of the second, third, and fourth column 
of the display RAM are time-multiplexed with 
BP1, BP2, and BP3, respectively. 

When display data is transmitted to the' 
PCF8566, the display bytes received are 
stored in the display RAM according to the 
selected LCD drive mode. To illustrate the 
filling order, an example of a 7-segment 
numeric display showing all drive modes is 
given in Figure 8; the RAM filling organizatfon 
depicted applies equally to other LCD types. 

. With reference to Figure 8, in the static drive 
mode the eight transmitted data bits are 
placed in Bit 0 of eight successive display 
RAM addresses. In the 1:2 multiplex drive 
mode, the eight transmitted data bits are 
placed in Bits 0 and 1 of four successive 
display RAM addresses. In the 1:3 multiplex 
drive mode, these bits are placed in Bits 0, 1, 
and 2 of three successive addresses, with bit 
2 of the third address left unchanged. This 
last bit may, if necessary, be controlled by an 
additional transfer to this addrass, but care 
should be taken to avoid overriding adjacent 
data because full bytes are always transmit
ted. In the 1:4 multiplex drive mode, the eight 
transmitted data bits are placed In Bits 0, 1, 2, 
and 3 of two successive display RAM ad
dresses. 

Data Pointer 
The addressing mechanism for the display 
RAM is realized using the data pointer. This 
allows the loading of an individual display 
~ta byte, or a series of display data bytes, 
Into any location of the display RAM. The 
sequence commences with the initialization 
of the data pointer by the LOAD DATA 
POINTER command. FollOWing this, an arriv· 
ing data byte is stored starting at the display 
RAM address indicated by the data pointer, 
thereby observing the filling order shown In 
Figure 8. The data pointer is automatically 
Incremented accOrding to the LCD COnfigura-
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Table 4. Blinking Frequencies 

BLINKING MODE NORMAL OPERATING POWER-sA VING 
MODE RATIO MODE RATIO 

off 
2Hz fCLK/92160 fCLK/15360 
1Hz fCLK/I64320 fCLK/30720 

O.5Hz fCLK/366640 fCLK/61440 

tion chosen. That is, after each byte is stored, 
the contents of the data pointer are Incre
mented by eight (static drive mode), by four 
(1:2 multiplex drive mode), by three (1:3 
multiplex drive mode) or by two (1:4 multiplex 
drive mode). 

Subaddress Counter 
The storage of display data is conditioned by 
the contents of the subaddress counter. Stor
age is allowed to take place only when the 
contents of the subaddress counter agree 
with the hardware subaddress applied to AO, 
AI, and A2 (Pins 7, 6, and 9). AO, A1, and A2 
should be tied to Vss or Voo. The subadclress 
counter value is defined by the DEVICE 
SELECT command. If the contents of the 
subadclress counter and the hardware subad
dress do not agree, then data storage is 
inhibited, but the data pointer is Incremented 
as If data storage had taken place. The 
subaddress counter is also incremented 
when the data pointer overflows. 

The storage arrangements described lead to 
extremely efficient data loading In cascaded 
applications. When a series of display bytes 
are being sent to the display RAM, automatic 
wrap-over to the next PCF8566 occurs when 
the last RAM address is exceeded. Subad
dressing across device boundaries .Is suc
cessful even if the change to the next device 
in the cascade occurs within a transmitted 
character. 

Output Bank Selector 
This selects one of the four bits per display 
RAM address for transfer to the display latch. 
The actual bit chosen depends on the particu
lar LCD drive mode in operation and on the 
instant in the multiplex . sequence. In 1:4 
multiplex, all RAM addresses of Bit 0 are the 
first to be selected; these are followed by the 
contents of Bit I, Bit 2, and then Bit 3. 
Slmllar1y In 1:3 multiplex, Bits 0, I, and 2 are 
selected sequentially. In 1:2 multiplex, Bits 0 
then 1 are selected and, in the static mode, 
Bit 0 is selected. 

The PCF6566 includes a RAM bank switching 
feature in the static and 1:2 multiplex drive 
modes. In the static drive mode, the BANK 
SELECT command may request the contents 
of Bit 2 to be selected for display instead of 
Bit 0 contents. In the 1:2 drive mode, the 
contents of Bits 2 and 3 may be selected 
Instead of Bits 0 and 1. This gives the 
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provision for preparing display information in 
an alternative bank and to be able to switch 
to it once it is assembled. 

Input Bank Selector 
The input bank selector loads display data 
into the display RAM according to the select
ed LCD drive configuration. Display data can 
be loaded in Bit 2 in static drive mode or in 
Bits 2 and 3 in 1:2 drive mode by using the 
BANK SELECT command. The input bank 
selector functions independently of the output 
bank selector. 

Blinker 
The display blinking capabilities of the 
PCF6566 are very versatile. The whole dis
play can be blinked at frequencies selected 
by the BLINK command. The blinking fre
quencies are integer multiples of the clock 
frequency; the ratios between the clock and 
blinking frequencies depend on the mode In 
which the device is operating, as shown in 
Table 4. 

An additional feature is for an arbitrary selec
tion of LCD segments to be blinked. This 
applies to the static and 1:2 LCD drive modes 
and can be implemented without any commu
nication overheads. By means of the output 
bank selector, the displayed RAM banks are 
exchanged with alternate RAM banks at the 
blinking frequency. This mode can also be 
specified by the BLINK command. 

In the 1:3 and 1:4 multiplex modes, where no 
alternate RAM bank is available, groups of 
LCD segments can be blinked by selectively 
changing the display RAM data at fixed time 
intervals. 

If the entire display is to be blinked at a 
frequency other than the nominal blinking 
frequency, this can be effectively performed 
by resetting and setting the display enable Bit 
E at the required rate using the MODE SET 
command. 

CHARACTERISTICS OF THE 12C 
BUS 
The 12C bus is for 2-way, 2-line communica
tion between different ICs or modules. The 
two lines are a serial data line (SDA) and a 
serial clock line (SCL). Both lines must be 
connected to a positive supply via a pull-up 
resistor when connected to the output stages 

6·111 

Product Specification 

PCF8566 

NOMINAL BLINKING FREQUENCY 
fBLlNK(Hz) 

blinkingolf 
2 
1 

0.5 

of a device. Data transfer may be initiated 
only when the bus is not busy. 

Bit Transfer 
One data bit Is transferred during each clock 
pulse. The data on the SDA line must remain 
stable during the HIGH period of the clock 
pulse as changes in the data line at this time 
will be interpreted as control signals. 

Start and Stop Conditions 
Both data and clock lines remain HIGH when 
the bus is not busy. A HIGH-te-LOW transi
tion of the data line while the clock is HIGH is 
defined as the start condition (S). A LOW-te
HIGH transition of the data line while the 
clock is HIGH is defined as the stop condition 
(P). 

System Configuration 
A device generating a message is a "trans
mitter"; a device receiving a message is a 
"receIver". The device that controls the mes
sage is the "master" and the devices which 
are controlled by the master are the 
"slaves". 

Acknowledge 
The number of data bytes transferred be
tween the start and stop conditions from 
transmitter to receiver is not limited. Each 
byte is followed by one acknowledge bit. The 
acknowledge bit is a HIGH level put on the 
bus by the transmitter, whereas the master 
generates an extra acknowledge-related 
clock pulse. A slave receiver which is ad
dressed must generate an acknowledge after 
the reception of each byte. Also, a master 
must generate an acknowledge after the 
reception of each byte that has been clocked 
out of the slave transmitter. The device thet 
acknowledges has to pull down the SDA line 
during the acknowledge clock pulse, so thet 
the SDA line is stable LOW during the HIGH 
period of the acknowledge-related clock 
pulse, and setup and hold times must be 
taken Into accpunt. A master receiver must 
signal an end of data to the transmitter by not 
generating an acknowledge on the last byte 
that has been clocked out of the slave. In this 
event, the transmitter must leave the data line 
HIGH to enable the master to generate a stop 
condition. 

PCF8566 IZC Bus .. Controller 
The PCF6566 acta as an 120 slave receiver. It 
does not initiate 12C bus transfers or transmit 
data to an 120 master receiver. The only data 

I 
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Figure •• Relationships' Between LCD Layout, Drive Mode, Display RAM Filling Order and Dlaplay Data Transmitted Over the 
12c Bus (x = Data Bit Unchanged) . 
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Figure 9. Bit Transfer 

output from the PCF8566 ere the acknowl
edge signals of the selected devices. Device 
selection depends on the 12c bus slave 
address, on the transferred commend data, 
and on the hardWare subaddress. 

In single device applicetions, the hardware 
subaddress inputsAO, A 1, and A2, are nor
mally left open or tied to Vss, which dellnes 
the hardWare subaddress o. In multiple de
vice appIica.lions, AO, A1, and A2 are tied to 
Vss or Voo according to a binary coding 
achemesuch that no' tWo devices With a 
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common 12c slave address have the same 
hardware sub-address. 

In the power-saving mode, It Is possible that 
the PCF8566 is not able to keep up with the 
highest transmission rates when large 
amounts of display data are transmitted. If 
this sHualion ocCurs, the PCF8566 forces the 
SCl line Low until its internal operations are 
compleled. This is known as the "clock 
synchronization feature" of the 12C bus and 
serves to slow down fast transmlttsrs. Data 
loss does not occur. 
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Input FIlters 
To enhance noise immunity in electrically 
adverse environments, RC low-pass filters 
are provided on the SDA and SCl lines. 

12e Bus Protocol 
Two 12c bus slave addresses (0111110 and 
0111111) are reserved for PCF8566. The 
least-significant bit of the slave address that a 
PCF8se6 will respond to is defined by the 
level tied at its inpUt SAO (Pin 10). Therelore, 
two types of. PCF8566 can be distinguished 
on the same 12c bus, which allows: 

(a) up to 16 PCF8566s on the ssme 12c bus 
for very large LCD applications 

(b) the use of two types of LCD multiplex on 
the same 12c bus 

The 12c bus protocol is shown in Figure 13. 
The sequence is initiated with a start condi
tion (S) from the 12C bus master, which is 
followed by one of the two PCF8566 slave 
addresses available. All PCF8568s With the 
corresponding SAO level ackn()Wledge In per
allel .the slave address, but all PCF8566s With 
the alternative SAO level ignore the whole 12C 
bus transfer. After acknowledgement, one or 
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Figure 10. Definition of Start and Stop Conditions 
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Figure 11. System Conflguretion 
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Figure 12. Acknowledgement on the 12C Bus 
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Figure 13. 12C Bus Protocol 

o = LAST COMMAND 
1 = COMMANDS CON11NUE 

+ 

~TE DATA POIfJER 
AND,IF tECI88ARY. 

SUB ADDRESS COUNTER _. 

figure 14. General Format of Command Byta 
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more command bytes (m) follow which define 
the status of the addressed PCF8566s. The 
last command byte is tagged with a cleared 
most·signHicant bit. the continuation Bit C. 
The command bytes are also acknowledged 
by all addressed PCF8568s on the bus. 

After the last command byte. a series of 
display data bytes (n) may follow. These 
display data bytes are stored in the display 
RAM at the address specified by the data 
pointer and the sub-address counter. Both 
data pointer and sub-address counter are 
automatically updated and the data is direct
ed to the intended PCF8568 device. The 
acknowledgement after each byte is made 
only by the (AO, A I, A2) addressed PCF8568. 
After the last display byte, the 12C bus master 
issues a stop condition (P). 

Command Decoder 
The command decoder identifies command 
bytes that arrive on the 12C bus. All available 
commands carry a continuation Bit C in their 
most-significant bit position (Figure 14). When 
this bit is set, it indicates that the next byte of 
the transfer to arrive will also represent a 
command. If the bit is reset, it indicates the 
last command byte of the transfer. Further 
bytes will be regarded as display data. 

The five commands available to the PCF8566 
are defined in Table 5. 

I 
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Table 5. Definition of PCF8566 Commands 

COMMAND/OPCODE 

MODE SET 

LOAD DATA POINTER 

I C I 0 I 0 I P4 P3 P2 PI pol 

DEVICE SELECT 

Ici 1 1 0 0 I A2 AI AO I 

BANK SELECT 

ICII 1 1 1 0 II 101 

BLINK 

Ici 1 1 1 0 I A I BFl BFO I 
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OPTIONS 

LCD Drive Mode BIta M1 MO 

static (IBP) 
1:2 MUX (2BP) 
1:3 MUX (3BP) 
1:4 MUX (4BP) 

o 1 
1 0 
1 1 
o 0 

LCD Bias BIt B 

1/3 bias 
1/2 bies 

Display Status Bit 

disabled (blank) 
enabled 

Mode I Bit 
normal mode 
power-saving mode 

Bits P4 P3 P2 PI PO 

o 
1 

E 

o 
1 

LP 
o 
1 

5-Bit binary value of 0 to 23 

Bits AO AI A2 

3-Blt binary value of 0 to 7 

Static 1:2 MUX Bit I 

RAM Bit 0 RAM Bits 0, 1 
RAM Bit 2 RAM Bits 2, 3 

o 
1 

StaUc 1:2 MUX Bit 0 

RAM Bit 0 RAM Bits 0, 1 0 
RAM Bit 2 RAM Bits 2, 3 1 

Blink Frequency BltaBF1 BFO 

off 
2Hz 
1Hz 
O.5Hz 

BlInk Mode 

normal blinking 
alternation blinking 
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o 0 
o 1 
1 0 
1 1 

BIt A 

o 
1 

Product SpeclfIcaffon 

DESCRIPTION 

Defines LCD drive mode. 

Defines LCD bies configuration. 

Defines display status. 
The possibility of disabling the 
display allows implementation 
of blinking under extemal 
control. 

PCF8566 

Defines power dissipation mode. 

Five bits of immediate data, 
Bits P4 to PO, are transferred 
to the data pointer to define 
one of twenty-four display RAM 
addresses. 

Three bits of immediate data, 
Bits AO to A2, are transferred 
to the subaddress counter to 
define one of eight hardware 
subaddresses. 

Defines input bank selection 
(storage of arriving display date). 

Defines output bank selection 
(retrieval of LCD display date). 

The BANK SELECT command hes no effect 
in 1:3 and 1:4 multiplex drive modes. 

Defines the blinking frequency. 

Selects the blinking mode; 
normal operation with frequency 
set by Bits BF1, BFO, or 
blinking by alternation of 
display RAM banks. Alternation blinking does 
not apply in 1:3 and 1:4 multiplex drive 
modes. 
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Display Controller 
The display controller executes the com
mands identified by the command decoder. It 
contains the status registers of the PCF8566 
and coordinates their effecta. The controller 
is also responsible for loading display data 
into the display RAM as required by the filling 
order. 

Cascaded Operation 
In large display configurations, up to 16 
PCF8566s can be distinguished on the same 
12C bus by using the 3-bit hardware subad
dress (AO, A I, A2) and the programmable 12C 
slave address (SAO). It is also possible to 
cascade up to 16 PCF8566s. When cascad
ed, several PCF8566s are synchronized so 

I ..... 
R S 2C .... 

HOST 
MICII(). 

PIIOCESSOI1 

I 
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that they can share the backplane signals 
from one of the devices in the cascade. Such 
an arrangement is cost-effective in large LCD 
applications since the backplane outputs of 
only one device need to be through-plated to 
the backplane electrodes of the display. The 
other PCF8566s of the cascade contribute 
additional segment outputs, but their back
plane outputs are left open (Figure 15). 

The SYNC line is provided to maintain the 
correct synchronization between all cascaded 
PCF8566s. This synchronization is guaran
teed after the power-on reset The only time 
that SYNC is likely to be needed is if synchro
nization is accidently lost (e.g., by noise in 
adverse electrical environments, or by the 
definition of a multiplex mode when 

I I I I I I I 
I II I I I I 
I I I I II I 

1 12 

~ SOA VDO VLCD 

~ SCL 17-40 
3 

SYNC 

PCF8566s with differing SAO levels are cas
caded). SYNC is organized as an input! 
output pin, the output section being realized 
as an open-drain driver with an internal pull
up resistor. A PCF8566 asserts the ~ line 
at the onset of its last active backplane signal 
and monitors the SYNC line at all other times. 
Should synchronization in the cascade be 
lost, it will be restored by the first PCF8566 to 
assert SYNC. The timing relationships be
tween the backplane waveforms and the 
SYIiie signal for the various drive modes of 
the PCF8576 are shown in Figure 16. The 
waveforms are identical to the parent device 
PCF8576. Cascadabillty between PCF8566s 
and PCF8576s is possible, giving cost-effec
tive LCD applications. 

I 
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J4 SEGMENT DRIVES 
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• CLK F> SPO-SP3 (OPEN} • 13-16 
osc LCD PANEL 

SAO Vss AO AI A2 (UP TO 1_ 

17 I" 9 110 1" 
El.EMENTS} 

15 12 

1 SOA VDD VLCO 

2 .... 
SCL 17-. J4 SEGMENT DRIVES 

3 
SviiC 

.1' 

4 .... CLK 13-11 4 BACKPLANES ..--! osc .... 
At AI A2 SAO Vss 

Rose: r r 1'0 1" 
Figure 15. CUcaded PCF8566 Configuration 
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SYNClJ 1.1" 

WF18000s 

.. Static Drive Mode 

.1 
(\!aBlA81 -, 

I r 
BP1 L-, r (1UIASI-, 

iYiiCLJ 1.1" 
b. 1:2 Multiplex Drive Mode 

8P2 

m.clJ 1.1" ....... 
c. 1:3 Multiplex Drive Mode 

8P3 

d. 1:4 Multiplex Drive Mode 

Figure 16. Synchronization of the Cascade tor the Various PCF8566 Drive Mod .. 
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eLK 3.3k (PIN 4) -¥Iv- G.iYDO 
(2%) 

SDA, SCL ~ YDO 
(PINS 1, 2) (2%) 

SYNC~Y 
(PIN 3) (2%) DO 

(PI~~3~Bl': ~ (PINS ~ ~~ ~--<D-
.- ILOAD - 25 p.A 

Figure 17. Test Loads 
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TC2OD118 
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Figure 18. Driver Timing Waveforms 
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PCF8576 Si netics g . 
Universal LCD Driver for Low 
Multiplex Rates 
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DESCRIPTION 
The PCF8576 is a peripheral device 
which interfaces to almost any liquid 
crystal display (LCD) having low multi
plex rates. It generates the drive signals 
for any static or multiplexed LCD con
taining up to four backplanes ahd up to 
40 segments and can easily be cascad
ed for larger LCD applications. The 
PCF8576 is compatible with most micro
processors and communicates via a 
two-line bidirectional bus (12c). Commu
nication overheads are minimized by a 
display RAM with auto-incremented ad
dressing, by hardware sub-addressing, 
and by display memory switching (static 
and duplex drive modes). 

FEATURES 
• Single-chip LCD controller/driver 
• Selectable backplane drive 

configuration: Static or 2/3/4 
backplane multiplexing . 

• Selectable display bias 
configuration: static, b, or l'a 

• 40 segment drives: up to twenty 
8_gment numeric charactera; up 
to ten 15-aegment alphanumeric 
characters; or any graphics of up 
to 160 elements 

• 40 X 4-blt RAM for display data 
storage 

• Auto-Incremented display data 
loading acroas device 
sub-addreas boundaries 

• Display memory bank switching 
In static and duplex drive modes 

• Versatile blinking modes 

ORDERING INFORMATION 

Product Specification 

• LCD and logic supplies· may be 
separated 

• Wide power· supply range: from 
2V for low-threshOld LCDs and 
up to 9V for guest-host LCDs 
and high-threshold (automobile) 
twisted nematic LCDs 

• Low power consumption 
• Power-saving mode for extremely 

low power consumption In 
battery-operated and telephone 
applications 

• 12C bus Interface 
• TTL/CMOS compatible 
• Compatible with any 4-blt, 8-blt, 

or 18-blt microprocessors 
• May be cascaded for large LCD 

applications (up to 2560 
segmenta possible) 

• Optimized pinning for single 
plane wiring In both single and 
multiple PCF8576 applications 

• Space-saving 56-lead plastic mini
pack (VSO-56) 

• Very low external component 
count (at most one reSistor, even 
In multiple device applications) 

• Compatible with Phlllps/Vldelec 
chlp-on-glass technology 

• Manufactured In silicon-gate 
CMOS process 

APPLICATIONS 
• Telephony 
• Hand-held terminals 
• General Instrumentation 
• Car dashboard displays 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

56-Pin Plastic SO 
-40·C to +85·C PCF8576TD 

(VSO-56; SOT-190) 
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PIN CONFIGURATION 

D Package 

S22 

821 

S3 S20 

519 

S6 

S6 517 

57 516 

S15 

88 

511 ---,. __ --1-

00121805 

PIN NO. SYMBOL DESCRIPTION 

4 
5 
6 
7 
B 
9 

10 
11 
12 
13 
14 
15 
16 
17 
to 
66 

BOA 
SCL 

lIVml 
CLK 
Voo 
esc 
AO 
AI 
A2 
SAO 
Vss 
VLCO 
BPO 
BP2 
BPI 
BP3 
so 
to 
S39 

1'0 bus da1a Input! oU1pUl 
1'0 bus clock Inpull output 
Csscade synchroniZation Input! 
oU1pUl 
Ex1ernal clock Input/output 
Pos_ supply voltage 
Oscillator input 

} I'C bus _ ... Inputs 

12C bus slave address bit 0 input 
Logic ground 
LCO supply voltage 

} LCO backplane oufptJts 

} LCD segment outpu\S 
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BLOCK DIAGRAM 

v 5 
DO 

LCD 
BIAS 

V~~12~~~ ___ G~ __ EM_~ ____ ~~ 

LCD 
VOIl"AGE 

SElEC10R 

BPO BP2 BPI BPI 

PC ..... 
1..-._ .... 

elK 

8CL 

SIIA 

SAO 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Voo Supply voltage range 

VLCO LCD supply voltage range 

VI 
Input voltage range (SCl; SDA; AO 
to A2; asc; ClK; ~; SAO) 

Vo 
autp~ voltage range (SO to S39; 
BPO to BP3) 

±II DC input current 

±Io DC output current 

±Ioo. ± Iss. 
Voo. Vss. or VLCO current 

±ILeo 

P'-OT Power dissipation per package 

Po Power dissipation per output 

TSTG Storage temperature range 

December 2. 1988 

RATING 

-0.5 to +11 

Voo -11 to Voo 

Vss -0.5 to Voo +0.5 

VLCO -0.5 to Voo +0.5 

20 

25 

50 

400 

100 

-65 to +150 
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INPUT 
BANK 

SELECIOR 

UNIT 

V 

V 

V 

V 

mA 

mA 

rnA 

mW 

mW 

·C 
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DC ELECTRICAL CHARACTERISTICS VSS - OV; Voo = 2 to 9V; VLCD - Voo-2 to Voo-9V; T A = -40·C to + 85·C, unless 
otherwise specified. 

UMITS 
SYMBOL PARAMETER UNIT 

Min Typ Max 

Voo Operating supply voltage 2 9 V 

VLCO LCD supply voltage 1 Voo-9 Voo-2 V 

100 Operating supply current at feu< - 2OOkHz2 TBD p.A 

ILP Power-saving mode supply currant at Voo - 3.5V; VLCD - OV; 
fCLK - 35kHz2 

TBD p.A 

ILCD LCD supply current at fCLK - 200kHz2 TBD p.A 

logic 

VIL Input voltage Low Vss 0.3Voo V 

VIH Input voltage High . 0.7 Voo Voo V 

VOL Output voltage Low at 10 - OmA 0.05 V 

VOH Output voltage High at 10 - OmA Voo-O.05 V 

lOLl Output current Low (ClK, ~ at VOL -1.0V; Veo - 5V 1 mA 

IOH Output current High (ClK) at VOH - 4.0V; Veo - 5V -1 rnA 

10L2 Output current low (SDA; SCl) at VOL - 0.4V; Veo - 5V 3 rnA 

±ILl Leakage currant (SAO; AO to A2; ClK; SCl; SDA) 1 p.A 
at VI - Vss or Voo 

±1L2 leakage current (OSC) at VI - Veo 1 p.A 

RsYNC Pull-up resistor ~ 30 60 100 kG 

VREF Power-on reset levelS 0.8 1.2 1.6 V 

tsw Tolerable spike width on bus 100 ns 

CI Input capacitance 4 7 pF 

LCD outputs 

±VBP DC voltage ccimponent (BPO to BP3) at CBP - 35nF 20 mV 

±Vs DC voltage component (SO to S39) at Os - 5nF 20 mV 

RBP Output impedance (BPO to BP3) at VLCD - Voo-5V5 5 kG 

Rs Output impedance (SO to S39) at VLCO = Voo-5V 5 7.0 kG 
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AC ELECTRICAL CHARACTERISTICS Vss - OV; Voo = 2 to 9V; VLCO = Voo-2 to Voo-9V; TA = -40'C to + 85'C. unless 
otherwise specified. 

LIMITS 
SYMBOL PARAMETER UNIT 

Min Typ Max 

fCLK Oscillator frequency (normal mode) 125 185 288 kHz 
at Voo - 5V; Rose - 200k.l17 

fCLKLP Oscillator frequency (power-saving mode) 21 31 48 kHz 
at Voo = 3.5V; Rose - 1.2M.I1 

tcLKH ClK High time 1 jIS 

tcLKL ClK Low time 1 jIS 

\PSYNC ~ propagation delay 200 ns 

\sVNCL SYNC low time 1 jIS 

\PLCO Driver delays with test loads at VLCO = Voo-5V 30 jIS 

12c bue hlgh .. peed mode 

taUF Bus free time 4.7 jIS 

lHo. tsTA Start condition hold time 4 jIS 

!Low sel Low time 4.7 jIS 

lHlGH sel High time 4 jIS 

\su. tsTA Start condition setup time (repeated start code only) 4.7 jIS 

lHo. tOAT Data hold time 0 jIS 

\su. tOAT Data setup time 250 ns 

IR Rise time 1'· jIS 

IF Fall time 300 ns 

\su. tsTo Stop condition setup time 4.7 jIS 

12c bue low .. peed mode 

taUF Bus free time 105 jIS 

lHo. tsTA Start condition hold time 365 jIS 

ILow sel Low time 105 155 jIS 

lHlGH sel High time 365 415 jIS 

\su. tsTA Start condition setup time 105 155 jIS 

(repeated start code only) 

lHo. tOAT Data hold time 0 jIS 

\su. teAT Data setup time 250 ns 

IR Rise time 1 jIS 

IF Fall time 300 ns 

\SU. tsTo Stop condition setup time 105 155 jIS 

NOTES: 
1. VLCO < Voo-3V for 1/3 bias. 
2. Outputs open; inputs al Vss or Voo; external clock wiIh 50% duly cycle; 12<: bus Inactive. 
3. Resets all logic when Voo < VAEF. 
4. Periodically sampled. not 100% tested. 
5. Outputs meeaured one at a time. 
6. All timing values referred to VIH and VIL levels wHh an Input voltage swing of Vss to Voo. 
7. At feLK < 125kHz. 12<: bus maximum tranamlaaion speed Is derated. 
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FUNCTIONAL D!8CRIPTION 
The PCF8576 is a versatile peripheral device 
designed to interiace any microprocessor to a 
wide variety of LCDs. It can directly drive any 
static or multiplexed LCD containing up to 
four backplanes and up to 40 segments. The 
display configurations possible with the 
PCF8576 depend on the number of active 

backplane outputs required; a selaction of 
display configurations is given in Table 1. 

All of the display configurations given in Table 
1 can be implemented in the typical system 
shown in Figure 1. The host microprocessor 
maintains the 2·lIne 12C bus communication 
channel with the PCF8576. A resistor con-

nectec:t between OSC (Pin 8) and Vss (Pin 11) 
controls the device clock frequency. The 
appropriate biasing voltages for the multi· 
plexed LCD waveforms are generated inter· 
nally. The only other connactions required to 
complete the system are to the power 
supplies (VOO, Vss, and VLCO) and to the LCD 
panel chosen for the application. 

Table 1. Selection of Display Configurations 

ACTIVE BACK- NUMBER OF 
PLANE OUTPUTS SEGMENTS 

4 160 

3 120 

2 80 

1 40 

PoweroOn Reset 
At poweroOn, the PCF8576 resets to a defined 
starting condition as follows: 

1. All backplane outputs are set to Voo. 

2. All segl1!ent outputs are set to VOO. 

3. The drive mode '1 : 4 multiplex with 1's bias' 
is selectad. 

4. Blinking is switched off. 

5. Input and output bank selactors ars reset 
(as defined In Table 5). 

6. The 12C bus interface is initialized. 

7-SEGMENT 14-SEGMENT 
DOT MATRIX 

NUMERIC ALPHANUMERIC 

20 digits + 10 characters + 160 dots 
20 indicator symbols 20 indicator symbols (4X4O) 

15 digits + 8 charscters + 120 dots 
15 indicator symbols 8 Indicator symbols (3X40) 

10 digits + 5 charscters + 80 dots 
10 indicator symbols 10 Indicator symbols (2X40) 

5 digits + 2 characters + 40 dots 
5 indicator symbols 12 indicator symbols 

. 7. The data pointer and the subaddress 
counter are cleared. 

Data transfers on the 120 bus should be 
avoided for 1 ms following power·on to allow 
completion of the reset action. 

LCD Bias Generator 
The full·acale LCD voltage (Vop) is obtained 
from Voo - VLCO. The LCD voltage may be 
temperatura compensated externally through 
the VLCO supply to Pin 12. Fractional LCD 
biasing voltages are obtained from an internal 
voltage divider of three series resistors con· 
nected between Voo and VLCO. The center 
resistor can be switched out of circuit to 

provide a ~ bias voltage level for the 1:2 . 
multiplex configuration. 

LCD Voltage Selector 
The LCD voltage selector coordinatas the 
multiplexing of the LCD according to the 
selected LCD drive configuration. The opera· 
tlon of the voltage selector is controlled by 
MODE SET commands from the command 
decoder. The biasing configurations that ap
ply to the preferred modes of operation, 
together with the biasing characteristica as 
functions of Vop - Voo - VLCO and the result· 
Ing discrimination ratios (D), are given in 
Table 2. 

Table 2. Preferred LCD Drive Modes: Summary of Characteristics 

LCD DRIVE MODE 
LCD BIAS VOFF(RMS) VON (AMS) D= VON(RMS) 

CONFIGURATION VOP VOP VOFF(RMS) 

Static (1 BP) Static (2 levels) 0 1 00 

1:2 MUX (2BP) ~ (3 levels) V2/4 = 0.354 V10/4 = 0.791 v'5-2.236 

1:2 MUX (2BP) 1's (4 levels) 1's = 0.333 v'5/3 = 0.745 v'5-2.236 

1:3 MUX (3BP) 1's (4 levels) 1's = 0.333 V33/9 = 0.638 V33/3 - 1.915 

1:4 MUX (4BP) 1's (4 levels) l'J-0.333 VS/3-0.577 VS-l.732 

A practical value for Vop is detarmined by 
equating VOFF(AMS) with a defined LCD 
threshold voltage (VTH LCO), typically when 
the LCD exhibits approximately 10% contrast 
In the static drive mode, a ltable choice is 
Vop ~ 3VTH LCD· 

Multiplex drive ratios of 1:3 and 1:4 with ~ 
bias are possible, but the discrimination and, 
therefore, the contrast ratios are smaller 
(va -1.732 for 1:3 multiplex or \1'211 

December 2, 1986 

3 - 1.528 for 1:4 multiplex). The advantage of 
these modes is a reduction of the LCD full 
scale voltage Vop as follows: 

1:3 multi~lex (~ bias): 
Vop - v'6VOFF(RMS) - 2.449VOFF(RMS) 

1:4 multiplex (~ bias): VOP - 4val 
3VOFF(RMS) - 2.309VOFF(RMS) These com· 
pare with Vop - 3VOFF(RMS) when 1's bias is 
used. 

6-124 

LCD Drive Mode Waveforms 
The static LCD drive mode is used when a 
single backplane is provided in the LCD. 
Backplane and segment drive waveforms for 
this mode are shown In Figure 2. 

When two backplanes are provided in the 
LCD, the 1:2 multiplex drive mode applies. 
The PCF8576 allows use of ~ or l'J bias in 
this mode as shown in Figures 3 and 4. 
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Figure 1. Typical System Configuration 

8,,+, VDD-ill 
VLCD -- ___ ..J 

a. Waveforms at Driver 

~-,~ ru 
-vop-

VDP -

STAlE 2 0 - -----

-Vop-

AT ANY INSTANT (II: 

VSTAT.'(!) - v .. (\)-v.,.(t) 
VON(RIIS) = VDP 

VaTATEoI!) = v .. +,(I)-v.,.(t) 
vOI'F(IIIIS) - ov 

b. Resunant Waveforms at LCD Segment 

Figure 2. Stetlc Drlva Mode Waveforms: VOP=VOO-VLCD 
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ITATE 1 

ITATE 2 

... vao-r-,. r-
VLCD--1 L..J -

a. Waveforms at Driver V;:=u 0--

-v.,.n.--
-V .. __ 

V ... __ 

V~=-.n ~ 
-v.,.n.--- U-

-V .. __ 

AT ___ (I): 
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VON(RM8) • !fv'ii. G.7I1VOP 

YITATEaCt) • :s,.(t)-VaPt(t) 

V_ e =¥v'2- ..... V .. 

WF188108 

b. Resultant Waveforms at LCD Segment 

FIgure 3. Waveforms for 1:2 Multiplex Drive Mode With )':! BIas: Vop= VOO-VLCO 
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STATE 1 

8TATE 2 

WF ...... 

a. Waveforms at Drive 

Yap- AT ANY INSTANT (I): 

2V.,.t3_-V V"'AT .. (I)· V .. (I)-V...J.fj 
VapI3__ VON(RII8) = ~v'i. o.741VQP 

0--
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b. Resultant Waveforms at LCD Segment 

Figure 4. Waveforms for 1:2 Multiplex Drive Mode With b Bias: Vop = VDD - VLCD 

6-127 

Product Specification 

PCF8576 

I 



Signetlcs i;lneor Products Product. Specification 

Universal LCD Driver for Low Multiplex Rates 

The backplane and segment drive wavefront 
for the 1:3 multiplex drive mode (three LCD 
backplanes) and for the 1:4 multiplex drive 

mode (four LCD backplanes) are shown in 
Figures 5 and 6, respectively. 

VDD-V.,..t3 __ VIID_~ 
BP2 VDD-2 v.,..t3 __ 

vLCD __ 

s.... VDD-V;=== J1JUUl VDD-2V.,..t3 __ 
VLCD __ _ __ --' 

a. Waveforms at Driver 

AT AllY INSTANT (t): 
VSTAT1!,(t) 3 V .. (t)-V ....... , 

$fATE 1 

V,,--
2V.,..t3-
v.,..t3--

0-
-v.,..t3--

-2V.,..t3--
-vop--

VON(RMS) = !je \/33 = 0.838 Vap 

VSTATEoItl = V .. (t)-V ... ,(t) 

vap __ 
VOI'F(RIISI = ~ = G.333Vap 

2V.,..t3 __ 

V.,..t3-1..JLSL 0 __ 

-v.,..t3--$fATE 2 

-2V.,..t3--
-vap--

WF' ..... 

b. Reaultant Waveforms at LCD Segment 

Figure 5. Waveforms for 1:3 Multiplex Drive Mode: Yop = YDD - YLCD 
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Figure 6. Waveforms for 1:4 Multiplex Drive Mode: Vop = VDD - VLCD 
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Figure 7. Oscillator Frequency 
as a Function of Rose: 

fClK ,., (3.6 X 107 IRosc) kHz·n 

Oscillator 
Internal Clock 
The internal logic and the LCD drive signals 
of the PCF8576 are timed e~her by the built· 
in oscillator or from an external clock. When 
the internal oscillator is used, frequency con· 
trol is performed by a single resistor connect· 
ed between OSC (Pin 6) and Vss (Pin 11) as 
shown in Figure 7. In this case, the output 
from CLK (Pin 4) provides the clock signal for 
cascaded PCF8576s in the system. 

External Clock 
The condition for external clock is made by 
tying OSC (Pin 6) to Voo; CLK (Pin 4) then 
becomes the external clock input. 

The clock frequency (fcLld determines the 
LCD frame frequency and the maximum rate 
for data reception from the 12C bus. To allow 
12C bus transmissions at their maximum data 
rate of 100kHz, fClK should be chosen to be 
above 125kHz. 

A clock signal must always be supplied to the 
device; removing the clock may freeze the 
LCD in a DC state. 

Timing 
The timing of the PCF8576 organizes the 
internal data flow of the device. This includes 
the transfer of display data from the display 
RAM to the display segment outputs. In 
cascaded applications, the synchronization 
signal SYNC maintains the correct timing 
relationship between the PCF8576s in the 
system. The timing also generates the LCD 
frame frequency which it derives as an inte· 
ger multiple of the clock frequency (Table 3). 
The frame frequency is set by the choice of 
value for Rose when internal clock is used, or 
by the frequency applied to Pin 4 when 
external clock Is used. 

The ratio between the clock frequency and 
the LCD frame frequency depends on the 
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mode in which the device is operating. In the 
normal mode, Rosc = 200kn will result in the 
nominal frame frequency. In the power·saving 
mode, the reduction ratio is six times smaller; 
this allows the clock frequency to be reduced 
by a factor of six and, for the same frame 
frequency, Rose will be 1.2Mn. The reduced 
clock frequency and the increased value of 
Rosc together contribute to a significant reo 
duction in power dissipation. The lower clock 
frequency has the disadvantage of increasing 
the response time when large amounts of 
display data are transmitted on the 12C bus. 
When a device is unable to 'digest' a display 
data byte before the next one arrives, ~ holds 
the SCL line Low until the first display data 
byte is stored. This slows down the transmis
sion rate of the 12C bus, but no data loss 
occurs. 

Display Latch 
The display latch holds the display data while 
the corresponding multiplex signals are gen· 
erated. There is a one-to·one relationship 
between the data in the display latch, the 
LCD segment outputs, and one column of the 
display RAM. 

Shift Register 
The shift register serves to transfer display 
information from the display RAM to the 
display latch while previous data is displayed. 

Segment Outputs 
The LCD drive section includes 40 segment 
outputs SO to 839 (Pins 17 to 58) which 
should be connected directly to the LCD. The 
segment output signals are generated in 
accordance with the multiplexed backplane 
signals and with the data resident in the 
display latch. When less than 40 segment 
outputs are required, the unused segment 
outputs should be left open. 

Backplane Outputs 
The LCD drive section includes four back· 
plane outputs BPO to BP3 which should be 
connected directly to the LCD. The backplane 
output signals are generated in accordance 
with the selected LCD drive mode. If less than 
four backplane outputs are required, the un· 
used outputs can be left open. In the 1:3 
multiplex drive mode BPS carries the same 
signal as BP1; therefore these two adjacent 
outputs can be tied together to give en· 
hanced drive capabilities. In the 1:2 multiplex 
drive mode, BPO and BP2, BP1' and BP3, 
respectively carry the same signals and may 
also be paired to increase the drive capabili· 
ties. In the static drive mode, the same Signal 
is carried by all four backplane outputs and 
they can be connected in parallel for very 
high drive requirements. 

Display RAM 
The display RAM is a static 40 X 4·bit RAM 
which stores LCD data. A logic 1 in the RAM 
bit·map indicates the 'on' state of the corre· 
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sponding LCD segment; similarly, a logiC 0 
indicates the 'off' state. There is a one-to-one 
correspondence between the RAM ad
dresses and the segment outputs, and be
tween the individual bits of a RAM word and 
the backplane outputs. The first RAM column 
corresponds to the 40 segments operated 
with respect to backplane BPO (Figure 8). In 
multiplexed LCD applications, the segment 
data of the second, third, and fourth column 
of the display RAM are time·multiplexed with 
BP1, BP2, and BP3, respectively. 

When display data is transmmed to the 
PCF8578, the display bytes received are 
stored in the display RAM according to the 
selected LCD drive mode. To illustrate the 
filling order, an example of a 7·segment 
numeric display showing all drive modes is 
given in Figure 9; the RAM filling organization 
depicted applies equally to other LCD types. 

W~ reference to Figure 9, in the static drive 
mode, the eight transmitted data bits are 
placed in Bit 0 of eight successive display 
RAM addresses. In the 1:2 multiplex drive 
mode, the eight transmmed data bits are 
placed in Bits 0 and 1 of four successive 
display RAM addresses. In the 1:3 multiplex 
drive mode, these bits are placed In BQ 0, 1, 
and 2 of three successive addresses, with Bit 
2 of the third address left unchanged. This 
last bit may, if necessary, be controlled by an 
additional transfer to this address, but care 
should be taken to avoid overriding adjacent 
data because full bytes are always transmit· 
ted. In the 1:4 multiplex drive mode, the eight 
transmitted data bQ are placed in Bits 0, 1, 2, 
and 3 of two successive display RAM ad· 
dresses. 

Data Pointer 
The addressing mechanism for the display 
RAM is realized using the data pointer. This 
allows the loading of an individual display 
data byte, or a series of display data bytes, 
into any location of the display RAM. The 
sequence commences with the initialization 
of the data pointer by the LOAD DATA 
POINTER command. FOllowing this, an arriv· 
ing data byte Is stored starting at the display 
RAM address indicated by the data pointer, 
thereby observing the filling order shown in 
Figure 9. The data pointer is automatically 
incremented according to the LCD configura· 
tion chosen. That is, after each byte is stored, 
the contents of the data pointer are incre· 
mented by eight (static drive mode), by four 
(1:2 multiplex drive mode), by three (1:3 
multiplex drive mode) or by two (1:4 multiplex 
drive mode). 

Sub-Address Counter 
The storage of display data Is conditioned by 
the contents of the sub-address countar. 
Storage is allowed to take pla08 only when 
the contents of the sub-address countar 
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Table 3. LCD Frame Frequencies 

PCF8576 MODE RECOMMENDED Rose (kn) fFRAME 

Normal mode 200 fCLK/2880 

Power-saving mode 1200 fCLK/480 

Table 4. Blinking Frequencies 

BLINKING MODE 
NORMAL OPERATING POWER-sA VING 

MODE RATIO MODE RATIO 

Off 

2Hz fCLK/92160 fCLK/15360 

1Hz fCLK/184320 fCLK/30720 

0.5Hz fCLK/368640 fCLK/61440 

DISPLAY RAM ADDRESSES (ROWS)!SEGMENT OUTPUTS (S) 

0EO 1 2 3 • m36 
36 37 38 38 

OISPUYRAM ---
BITS (COLUMNS)! 1 __ _ 

BACKPLANE 2 OUTPUTS (BP) __ _ 

3 

Figure 8. Display RAM Bit Map Showing Direct Relationship Between Display 
RAM Addresses and Segment Outputs, and Between Bits In a RAM Word 

and Backplane Outputs 

agree with the hsrdware sub-address applied 
to AO, AI, and A2 (Pins 7, 8, and 9). The sub
address counter value is defined by the 
DEVICE SELECT command. If the contents 
of the sub-address counter and the hardware 
sub-address do not agree, data storage is 
inhibited, but the data pointer is incremented 
as if data storage had taken place. The sub
address counter is also incremented when 
the data pointer overflows. 

The storage arrangements described lead to 
extremely efficient data loading in caseaded 
applications. When a series of display bytes 
are being sent to the display RAM, automatic 
wrap-over to the next PCF8576 occurs when 
the last RAM address is exceeded. Sub
addressing across device boundaries is suc
cessful even n the change to the next device 
in the cascade occurs within a transmitted 
character (such as during the 14th display 
data byte transmitted in 1:3 multiplex mode). 

Output Bank Selector 
This selects one of the four bits per display 
RAM address for transfer to the display latch. 
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The actual bit chosen depends on the particu
lar LCD drive mode in operation and on the 
instant in the multiplex sequence. In 1 :4 
multiplex, all RAM addresses of Bit 0 are the 
first to be selected. These are followed by the 
contents of Bit 1, Bit 2, and then Bit 3. 
Similarly, in 1:3 multiplex, Bits 0, 1, and 2 are 
selected sequentially. In 1:2 multiplex, Bits 0 
then 1 are selected and; in the static mode, 
Bit 0 is selected. 

The PCF8576 includes a RAM bank switching 
feature in the static and 1:2 multiplex drive 
modes. In the static drive mode, the BANK 
SELECT command may request the contents 
of Bit 2 to be selected for display instead of 
Bit 0 contents. In the 1:2 drive mode, the 
contents of Bits 2 and 3 may be selected 
instead of Bits 0 and 1. This gives the 
provision for preparing display information in 
an alternative bank and to be able to switch 
to it once it is assembled. 

Input Bank Selector 
The input bank selector loads display data 
into the display RAM according to the select-
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NOMINAL fFRAME (Hz) 

64 

64 

NOMINAL BLINKING FREQUENCY 
fBLlNK (Hz) 

Blinking off 

2 

1 

0.5 

ed LCD drive configuration. Display data can 
be loaded in Bit 2 in static drive mode or in 
Bits 2 and 3 in 1:2 drive mode by using the 
BANK SELECT command. The input bank 
selector functions independently of the output 
bank selector. 

Blinker 
The display blinking capabilities of the 
PCF8576 are very versatile. The whole dis
play can be blinked at frequencies selected 
by the BLINK command. The blinking fre
quencies are integer multiples of the clock 
frequency; the ratios between the clock and 
blinking frequencies depend on the mode in 
which the device is operating, as shown in 
Table 4. 

An additional feature is for an arbitrary selec
tion of LCD segments to be blinked. This 
applies to the static and 1:2 LCD drive modes 
and can be implemented without any commu
nication overheads. By means of the output 
bank selector, the displayed RAM banks are 
exchanged with alternate RAM banks at the 
blinking frequency. This mode can also be 
specified by the BLINK command. 

In the 1:3 and 1:4 multiplex modes, where no 
alternate RAM bank is available, groups of 
LCD segments can ba blinked by selectively 
changing the display RAM data at fixed time 
intervals. 

If the entire display is to be blinked at a 
frequency other than the nominal blinking 
frequency, this can be effectively performed 
by resetting and setting the Display Enable 
Bit E at the required rate using the MODE 
SET command. 

I 
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DRIVE MODE LCD_ LCD IIACKPt.ANES DISPLAY RAIl FILUNG ORDER 
_IIISPI.AY 

IIY'IE 

~+·u -a ~+3-tl b ~+, n n+1 n+2 n+3 n+4 n+5 n+' n+7 ------ - LSB BIT/O _ b • , g • d DP 
STATIC ~+.~~ BP 1 x x x x x x x x !cIblal'l.laldl DP ~+.-fJ _ ~+7 2 x x x x x x x X 

Sn+.~ COP 3 x x x x x x x x -

snn -a· ~.,~b 
n " ... , n+2 n+3 - LSB ------ -

1:2 BIT/O • , • d 
ep , b 9 

_ 

DP 1.lbl 'I.I.I-Idl DP MULTIPLEX 

~·~a 2 x x x x 
3 x x x x 

~.3 DP ------

~'I 
BPO[J) n n ... , n+2 

Bn...z f b Sft ------ - LSB 
1:3 BITIO b • , 

BP,Un 

ep , DP d • IbIDPI-I·ldlel'l· MULTIPLEX · _ 
2 

_ 

g x 
3 x x x DP ------ -----------

R BPO~_ 
-r--
n "+1 , ----- -I"-- -------------- - LSB 

,:4 BIT/O. , 
8P 1 c • 1.lolblDPI'lalel d MULllPLEX · _ BP~ 2 b e 

3 DP d 
~+, DP ------ '-'-- ---------------

Figure 9. Relationships BetweBtl LCD Layout, DrIve Mode, Display Data Transmitted OVer the 
1"(: Bus (x = Data Bit Unchanged) 

CHARACTERISTICS OF THE 12C 
BUS 
The 12(; bus is for 2·way, 2-line communica
tion between different ICs or modules. The 
two lines are a serial dala line (SDA) and a 
serial clock line (SCl). Both lines must be 
connected to a positive supply via a pull-up 
resistor when connected to the output stages 
of a device. Data transfer may be initiated 
only when the bus is not busy. 

Bit Transfer 
One data bit is transferred during each clock 
pulse. The data on the SDA line must remain 
stable during the High· period of the clock 
pulse as changes in the data line at this time 
will be interpreted as control Signals. 

Start and Stop Conditions 
Both data and clock lines remain High when 
the bus is not busy. A High-ta-Low transition 
of the data line while the clock is High Is 
defined as the start condition (S). A low-to
High transition of the data line while the clock 
is High is defined as the stop condition (P). 
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SDA / 

SCL 

SIMI' CONDITION 

X--=-~~_..Jo--

DllTAUNE 
STABLE: 
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figura 10. Bit Transfer 

~ 
WF'_ 

IIOPCONDITION 

Figure 11. DefInition of Start and Stop Conditions 
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System Configuration 
A device generating a message is a "trans
mitter"; a device receiving a message is a 
"receiver". The device that controls the mes
sage is the "master" and the devices which 
are controlled by the master are the 
"slaves". 

Acknowledge 
The number of data bytes transferred be
tween the start and stop conditions from 
transmitter to receiver is not limited. Each 
byte is followed by one acknowledge bit. The 
acknowledge bit is a High level put on the bus 
by the transmitter, whereas the master gener
ates an extra acknowledge-related clock 
pulse. A slave receiver which is addressed 
must generate an acknowledge after the 
reception of each byte. Also, a master must 
generate an acknowledge after the reception 
of each byte that has been clocked out of the 
slave transmitter. The device that acknowl
edges has to pull down the SDA line during 
the acknowledge clock pulse, so that the 
SDA line is stable Low during the High period 
of the acknowledge-related clock pulse; set
up and hold times must be taken into ac
count A master receiver must signal an end 
of data to the transmitter by not generating an 
acknowledge on the last byte that has been 
clocked out of the slave. In this event, the 
transmitter must leave the data line High to 
enable the master to generate a stop condi
tion. 

PCF8576 12C Bus Controller 
The PCF8576 acts as an 12c slave receiver. It 
does not initiate 12c bus transfers or transmit 
data to an 12c master receiver. The only data 
output from the PCF8576 are the acknowl
edge signals of the selected devices. Device 
selection depends on the 12c bus slave 
address, on the transferred command data, 
and on the hardware sub-address. 

In single device applications, the hardware 
sub-address inputs AO, A 1, and A2 are nor
mally tied to Vss which defines the hardware 
sub-address O. In multiple device applica
tions. AO, A1, and A2 are tied to Vss or Voo 
according to a binary coding scheme such 
that no two devices with a common 12C slave 
address have the same hardware sub-ad
dress. 

In the power-saving moda, it is possible that 
the PCF8576 is not able to keep up with the 
highest transmission rates when large 
amounts of display data are transmitted. If 
this situation occurs, the PCF8576 forces the 
SOL line Low until Its internal operations are 
completed. This is known as the "clock 
synchronization feature" of the 12c bus and 
serves to slow down fast transmitters. Data 
loss does not occur. 

December 2, 1986 

~----~------~------~------~------~--

Figure 12. System Configuration 

IIWII' 
CONDITION 

I 
SCLFROM 

- I I 

CLOCK PULSE FOR 
ACKNOWLEDGEMENT 

BY=.:-1 cY,---O I 
_OUTPUT BY RECIIVEIl 

s 

Figure 13. Acknowledgement on the 12c Bus 

1 BY11! m;!: 1 BYTES n ~ 0 BYTES 

UPDATE DATA POINTER 
AND, IF NECESSARY, 

SUIJ.ADDRESS COUNTER 

Figure 14. 12C Bus Protocol 

Input Flners 
To enhance noise immunity in electrically 
adverse environments, RC low-pass filters 
are provided on the SDA and SCL lines. 

12C Bus Protocol 
Two 12C bus slave addresses (0111000 and 
0111001) are reserved for PCF8576. The 
least-significant bit of the slave address that a 
PCF8576 will respond to is defined by the 
level tied at Its input SAO (Pin 10). Therefore, 
two types of PCF8576 can be distinguished 
on the sarne 12C bus which allows: 

a. up to 16 PCF8578s on the sama 12c bus 
for very large LCD applications; 

b. the use of two types of LCD multiplex on 
the same 12c bus. 

The 12C bus protocol is shown in Figure 14. 
The sequence Is initiated with a start condi
tion (S) from the 12c bus master which Is 
followed by one of the two PCF8576 slave 
addresses available. All PCF8576s with the 
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corresponding SAO level acknowledge in par
allel the slave address, but all PCF8576s with 
the alternative SAO level ignore the whole 12C 
bus transfer. After acknOWledgement, one or 
more command bytes (m) follow which define 
the status of the addressed PCF8576s. The 
last command byte is tagged with a cleared 
most-significant bit, the continuation bit C. 
The command bytes are also acknowledged 
by ali addressed PCF8576s on the bus. 

After the last command byte, a series of 
display data bytes (n) may follow. These 
display data bytes are stored in the display 
RAM at the address specified by the data 
pointer and the sub-address counter. Both 
data pointer and sub-address counter are 
automatically updated and the data is direct
ed to the intended PCF8576 device. The 
acknowledgement after each byte is made 
only by the (AO, A 1, A2) addressed PCF 
8576. After the last display byte, the 12c bus 
master issues a stop condition (P). 

• 
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Command Decoder 
o = LAST COMMAND 
1 = COMMANDS CONTINUE 

+ 

MSB LSB 

The command decoder identifies command 
bytes that arrive on the 12C bus. All available 
commands carry a continuation bit C in their . 
most-significant bit position (Figure 15). When 
this bit is set, it indicates that the next byte of 
the transfer to arrive will also represent a 
command. if the bit is reset, it indicates the 
last command byte of the transfer. Further 
bytes will be regarded as display data. The 
five commands available to the PCF8576 are 
defined in Table 5. 

Figure 15. General Format of 
Command Byte 

Table 5. Definition of PCF8576 Commands 

COMMAND/OPCODE OPTIONS 

LCD drive mode Bits Ml 

MODE SET 
Static (1 BP) 0 
1:2 MUX (2 BP) 1 

Icll 0 ILPIEIBI Ml I MO I 1:3 MUX (3 BP) 1 
1:4 MUX (4 BP) 0 

LCD bias Bit B 

1/3 bias 0 
1/2 1 

Display status Bit E 

Disabled (blank) 0 

Enabled 1 

Mode Bit LP 

Normal mode 0 
Power-saving mode 1 

LOAD DATA POINTER 
Bits P5 P4 P3 P2 PI 

I C I 0 I P5 P4 P3 P2 PI Pol 
6-bit binary value of 0 to 39 

DEVICE SELECT 

I C 11 o IA2 Aol 
Bits AO AI 

1 0 AI 
3-bit binary value of 0 to 7 

December 2, 1986 6-134 

Product Specification 

PCF8576 

DESCRIPTION 

Defines LCD drive mode 
MO 

1 
0 
1 
0 

Defines LCD bias configuration 

Defines display status 

The possibility to disable the 
display allows implementation 
of blinking under external 
control 
Defines power dissipation mode 

Six bits of immediate data, 
PO bits P5 to PO, are transferred 

to the data pointer to define 
one of forty display RAM 
addresses 

Three bits of iinmediate data, 
A2 bits AO to A2, are transferred 

to the sub-address counter to 
define one of eight hardware 
sub-addresses 
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Table 5. Definition of PCF8576 Commands (Continued) 

COMMAND/OPCODE OPTIONS 

BANK SELECT 
static 1:2 MUX bit I 

1 c 11 1 1 1 o II 10 1 

RAM bit 0 RAM bits 0,1 0 

RAM bit 2 RAM bits 2, 3 1 

static 1:2 MUX bit 0 

RAM bit 0 RAM bits 0,1 0 

RAM bit 2 RAM bits 2, 3 1 

BLINK 

IcI1 o I A IBF1 BFOI 

blink frequency bits BF1 BFO 

1 1 

off 0 0 
2 Hz 0 1 
1 Hz 1 0 
0.5 Hz 1 1 

blink mode bit A 

normal blinking 0 
alteration blinking 1 

Display Controller 
The display controller executes the com
mands identified by the command decoder. It 
contains the status registers of the PCF8576 
and coordinates their effects. The controller 
is also responsible for loading display data 
into the display RAM as required by the filling 
order. 

Cascaded Operation 
In large display configurations, up to 16 
PCF8576s can be distinguished on the same 
12C bus by using the 3-bit hardware subad
dress (AO, A 1, A2) and the programmable 12C 
slave address (SAO). It is also possible to 
cascade up to 16 PCF8576s. When cascad
ed, several PCF8576s are synchronized so 
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that they can share the backplane signals 
from one of the devices in the cascade. Such 
an arrangement is cost effective in large LCD 
applications since the backplane outputs of 
only one device need to be through-plated to 
the backplane electrodes of the display. The 
other PCF8576s of the cascade contribute 
additional segment outputs, but their back
plane outputs are left open (Figure 16). 

The SYNC line is provided to maintain the 
correct synchronization between all cascaded 
PCF8576s. This synchronization is guaran
teed after the power-on reset. The only time 
that ~ is likely to be needed is if synchro
nization is aCCidently lost (e.g., by noise in 
adverse electrical environment, or by the 
definition of a multiplex mode when 
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DESCRIPTION 

Defines input bank selection 
(storage of arriving display data) 

Defines output bank selection 
(retrieval of LCD display data) 

The BANK SELECTION command has 
no effect in 1:3 and 1:4 multiplex 
drive modes 

Defines the blinking frequency 

Selects the blinking mode; 
normal operation with frequency 
set by bits BF1, BFO, or 
blinking by alteration of 
display RAM banks. Alteration 
blinking does not apply in 1:3 
and 1:4 multiplex drive modes 

PCF8576s with differing SAO levels are cas
caded). ~ is organized as an input! 
output pin; the output section being realized 
as an open-drain driver with an internal pull
up resistor. A PCF8576 asserts the ~ line 
at the onset of its last active backplane signal 
and monitors the SYNC line at all other times. 
Should synchronization in the cascade be 
lost, it will be restored by the first PCF8576 to 
assert SYNC. The timing relationships be
tween the backplane waveforms and the 
~ signal for the various drive modes of 
the PCF8576 are shown in Figure 17. 

For single plane wiring of packaged 
PCF8576s and chip-on-glass cascading, see 
application information. 

I 
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VLCD 
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HOST 
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~ SDA VOD VLCO 

" ~ $CL 17-51 .a SEGMENT DRIVES 
3 

SViiC II' 

4 
CLK => BPO-8P3 (OPEN) 13-1' 
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AU AI A2 SAO v .. 

r r 9 r I" 
15 12 

1 SOA VDD VLCO 

2 " $CL 17-51 .a SEGMENT """"'" 
3 

SvNc P' 

4 " CLK 13-11 4 IlACKPUINES 

~ osc ..... 
AU AI A2 SAO v .. 

Rose r r \,0 I" 
Figure 16. C8ecadad PCF8578 Configuration 
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I 

LCD PANEl. 
(UP TO 2Ii8O 
ELEMENTS) 

LD07$!'. 
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j' 'AwoE = I 1 --l 
iiNClJ U-

Wf1aooOs 

a. Static Drive Mode 

BPI (\\-)1 I' r 
BPI r (\\IIIAS) --, 

SYNClJ U-
WF19010S 

b. 1:2 Multiplex Drive Mode 

BP2 

iiNClJ U-
WP, ..... 

c. 1:3 Multiplex Drive Mode 

BP3 

iYNClJ U-
WF1""" 

d. 1:4 Multiplex Drive Mode 

Figure 17. Synchronization of the Caecade for the VarlouB PCF8578 Drive ModeB 

eLK 3.8k 
(PIN 4) --'VVY-- 0.7 VDD 

(2%) 

SDA. SCL 1.5k 
(PINS 1 2) ---'I/II'y---- Voo 

• (2%) 
iYiiC UII 

(PlN3) ~Voo 
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_ILOAD~ 15,.,. 
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figure 18. Teat Loada 
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CLK 

---------------t--~r~==========~Uy 
B:~= (YDD=6y) 

--------------~~--T4~~~~~~Uy 

Figure 19. Drtver Timing Waveform. 

SDA 

SCL 

SDA 

Figure 20. 1:Ie Bu. HIgMlpeed Mode Timing Waveform. 

SDA 

SCI. 

SDA 

WF' .... 

Figure 21. 12e Bu. Low-8peed Mode Timing Waveforms 
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S62 -

S55 -

S54 -

=j1 
-&79 

Figure 22. SlnglB PlanB Wiring of Packaged PCF8576s 

APPLICATION INFORMATION 

Chlp-on-Gla88 Ca8cadability In 
Single Plane 
In chip-on.glass technology, where driver de· 
vicea are bonded directly onto the glass of 
the lCD, it is important that the devices may 
be cascaded without the crossing of conduc-
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tors, but the paths of conductors can be 
continued on the glass under the chip. All of 
this is facilitated by the PCF8576 bonding pad 
layout (Figure 23). Pads needing bus inter· 
connection between all PCF8576s of the 
cascade areVDD, Vss, ClK, SCl, SOA, and 
SVIiiC. These lines may be led to the corre· 
sponding pads of the next PCF8576 through 
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the wide opening between the V LCD pad and 
the backplane output pads. The only bussed 
line that does not require a second opening to 
lead through to the next PCF8576 is VLCD, 
being the cascade center. The placing of 
VLCD adjacent to Vss allows the two supplies 
to be tied together. 

• 
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S79 

S33 531 S28 S27 
S34C 0 0 0 0 0 COO 
S35 C S32 sao S28 S26 

S36C 
S37C 
S38C 

S38C 
SOAC 
SCLC 

SYiiCC 
CLKC 
vooC 

oseC 

MC CASCADE 
SAO CENTER 

A1C C [l [l [l VLC• 
A2 Vas 

S25 S23 821 S19 
000000 0 0 OS17 

S24 S22 S20 S18 0 S18 

BP2 BP3 S1 53 

[lS15 

[lS14 

[lS13 

OS12 

0811 

[l S10 

[lS9 

CSS 

CS7 

OSS 

[lS5 

[l [l [l [l C [l [l [l [lS4 
BPO BP1 s" 82 

CD12150S 

Figure 23. PCF8576 Bonding Pad Layout 

S40 S38 

Product Specification 

PCF8576 

Figure 24 shows the connection diagram for a 
cascaded PCF8578 application with single 
plane wiring. Note the use of the open space 
between the VLCO pad and the backplane 
output pads to route Voo, Vss, ClK, SCl., 
SOA, and ~. The external connections 
may be made to either end of the cascade, 
wherever most convenient for the connector. 

When an external clocking source Is to be 
used, OSC of all devices should be tied to 
Voo. The pads OSC, AO, A1, A2, and SAO 
have been placed between Vss and Voo to 
facilitate wiring of oscillator, hardware subad
dress, and slave address. 

Videlec is a joint venture of BBC Brown 
Boveri and Philips specializing in liquid crystal 
display technology to meet the requirements 
of original equipment manufacturers. 

Videlec AG 
Hardstrasse 5 
lenzburg CH5600 
Switzerland. 

80 

~---------------------------------~~;~EKrs------------------------------------~'~ 

."""" 
Figure 24. Chlp-on-Glaas Application; Caecaded PCF8576s With Single-Plane Wiring (Viewed From Back of Chip) 
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DESCRIPTION 
The PCF8577 is a single-chip, silicon
gate CMOS circuit. It is designed to drive 
liquid crystal displays with up to 32 
segments directly, or 64 segments in a 
duplex manner. 

The two-line 12C bus interface substan
tially reduces wiring overheads in remote 
display applications. Bus traffic is mini
mized in multiple IC applications by auto
matic address incrementing, hardware 
sub-addressing, and display memory 
switching (direct drive mode). 

ORDERING INFORMATION 

Product Specification 

FEATURES 
• Direct-/duplex-drive modes with 

up to 32-/64-segment LCD drive 
capability per device 

• Operating supply voltage: 2.5 to 
9V 

• Low power consumption 
• 12C bus interface 
• Optimized pinning for single 

plane wiring 
• Single-pin built-In oscillator 
• Auto-Incremented loading across 

device sub-address boundaries 
• Display memory switching In 

direct-drive mode 
• May be used for 12C bus output 

expander 
• System expansion up to 256 

segments 
• PoweroOn reset sets all segments 

off (to blank) 

APPLICATIONS 

• Telephony 
• Car dashboards 
• General Instrumentation 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

4O-Pin Plastic DIP (SOT -129) -40·C to + 85·C PCF8577PN 

40-Pin Plastic SO 
-40·C to + 85·C PCF8577TD 

(VS0-40; SOT-158A) 

December 2, 1986 6-141 

PIN CONFIGURATION 

N, D Packages 

S21 

S20 

S19 

S18 

815 

814 

813 

PIN NO. SYMBOL DESCRIPTION 

SUpply 

S5 VDO Positive supply 

AI 

AZ/BP2 

BPI 

81 

S2 

53 

S4 

S& 

S& 

87 

ss 
ss 
S10 

811 

00121808 

38 V.. Negative supply 

I·C .... 

40 SOA 1"<: bus daIS line 
'39 SCl lie bus clock line 

InpuIS 

36 A 1 Hardware address line 
37 AI/ose Hardware address line/oscillalOr 

pin 

outputs 

1 - 32 51 - 532 SaQment outputs 

Inpu!- OU1put 

34 A2/BP2 Hardware address line/cascade 
sync input/backplane output 

33 BPI C80cade sync input/backplane 
oulput 

853-1054 86703 

I 
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BLOCK DIAGRAM 

SCL 39 0-+--_-1 

SDA 40 -+--1'-~ 

Voo 350-...-.-.,..... .. 

Vu 38 0-+---., 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Voo Supply voltage range 

VI Voltage on any pin 

± II DC input current 

± 10 DC output current 

± 100. Voo or Vss current 
Iss 

PtOT Power dissipatiOn per package 

Po Power dissipation per output 

TA Operating ambient temperature range 

TSTG Storage temperature range 

NOTE: 
1. Derate 7.7mW/·C when TA > 6O·C. 
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SEGMENT BYTE 
REGISTERS· 

AND 
MULTIPlEX 

LOGIC 

BACI(~E 

AND 
SEGMENT 
IIAIVEIIII 

1 S32 

32 SI 

33 IIP1 

.---I--...t.----+_34A2111P2 
r--...-.-----~f-036 AI 

r1~2:1_!JL!~r_--r---~-oU~DSC 

CONTROL 
REGISTER AND 
COMPARATOR 

RATING 

-0.5 to 11 

Vss-0.8 to 
Voo+0.8 

20 

25 

50 

5001 

100 

-40 to +85 

-85 to +150 
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UNIT 

V 

V 

rnA 

rnA 

mA 

mW 

mW 

·C 

·C 
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DC AND AC ELECTRICAL CHARACTERISTICS Voo - 2.5 to 9V; Vss - OV; T A - -40·C to + 85·C, unless otherwise 
specified. 

LIMITS 
SYMBOL PARAMETER UNIT 

Min Typ Max 

Voo Supply vol1age 2.5 9.0 V 

100 Supply current at fSCl = 100kHz, no load, Rose = 1 MSl 250 lolA 
VREF Power-on reset level' 0.9 1.3 2.0 V 

Input SCl; inputloutput SDA 
Vil input voltage Low 0 0.8 V 
VIH input voltage High 2.0 9.0 V 
IOL output current Low at VOL - O.4V 3.0 rnA 
IOH output leakage current High at VOH - Voo 100 nA 

tsw tolerable spike width on bus 100 ns 
CI input capacitance at VI- Vss 7 pF 

II Al input leakage current at VI ~ Vss or Voo 100 nA 

II A2/BP2 input current at VI - Voo 5.0 lolA 
±II AO/OSC input current at VI - Vss or Voo 5.0 lolA 
±Vep DC component of LCD driver 20 mV 

Csx Segment loads 
5 nF 

Rsx 1 MSl 

IOl Segment output current at VOL = 0.4V; Voo - 5V 0.3 rnA 

-IOH Segment output current at VOH - Voo-0.4V; Voo = 5V 0.3 rnA 

Csp Backplane load (direct drive) 100 
50 nF 

Rsp kSl 

CBP Backplane loads (duplex drive) 
35 nF 

Rep 100 kSl 

tR, IF Rise and fall times (Vep - Vsxl at maximum load 200 lAS 

flCD Display frequency at Case = 680pF; Rose = 1 MSl 65 90 120 Hz 

NOTE: 
1. The power-on reset circuit resets the 12(; bus logic with Voo < VREF. 
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c::CON'IIICII. REGISTER---, 
~ SEGIIENT BYTE VECTOR (SBV) 

,SEGMENT BYTE llEGlS'lERBi --- LSB MS8 LSB - : : : : : : : I L 1 IV6 V4 valV2 V1 VOJ 0 

11 SEGMENT BYTE : : : : : : : I IIEGISTER -.. 2 - BANK 'A' 

I L 4 : : : : : : : I COMPARISON 

: : I 
~ 

6 : : : : : 
1 : : : : : : : 

DEVICE SUII-ADDRESS 
3 : : : : : : : 

BANK '8' 

: : : : : : : .1 0 1 BANK 'A'J } BANK 5 

11 I BANK '8'1 
7 : : : : : : : 

.1 0 I DIRECT DRIVE J } DISPLAY (1 81TS IGNDRED IN DUPLa: MODE. 

; 
I 1 IDUPLEX DRIVE] MODE 

FUNCTIONAL. DESCRIPTION 

Hardware Sub-Address AO, A 1, 
A2 
The hardware sub-address lines AO, A 1, A2 
are used to program the device sub-address 
for each PCF8577 on the bus. Unes AO and 
A2 are shared with OSC and BP2, respective
ly, to reduce pinout requirements. 

AO/OSC Une AO is defined as Low (logic 0) 
when this pin is used for the local 
oscillator or when connected to 
V ss, Une AO Is defined as High 
(logic 1) when conneCted to Voo, 

Al Une Al must be defined as Low 
(logic 0) or as High (logic 1) by 
connacticn to Vss or Voo, respec
tively, 

A2/BP2 In the direct drive mode, the sec
ond backplane signal BP2 is not 
used and the A2/BP2 pin is exclu
sively the A2 input. Une A2 is 
defined as Low (logic 0) when con
nected to Vss or, if this is not 
possible, by leaving it unconnected 
(internal pull-down). Une A2 is de
fined as High (logic 1) when con
nected to Voo-

In the duplex drive mode, the second back
plane signal BP2 is required, and the A2 
signal is undefined. In this mode, device 
selacticn is made exclusively from lines AO 
and AI, 
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Figure 1, PCF8577 Register Organization 

Oscillator AO/OSC 
The PCF8577 has a single-pin built-in oscilla
tor which provides the modulation for the LCD 
segment driver outputs. One external resistor 
and one external capacitor are connected to 
the AO/OSC pin to form the oscillator. In an 
expanded system containing more than one 
PCF8577, the backplane signals are usually 
common to all devices and only one oscillator 
is needed. The devices which are not used 
for the. oscillator are put into the expansion 
mode by connecting the AO/OSC pin to either 
VOD or Vss depending on the required state 
for AO. In the expansion mode, each 
PCF8577 is synchronized from the backplane 
signal(s), 

User-Accessible Registers 
There are nine user-accessible I-byte regis
ters. The first Is a control register which is 
used to control the loading of data into the 
segment byte registers and to select display 
options. The other eight are segment byte 
registers, split into two banks of storage, 
which store the segment data. The set of 
even-numbered segment byte registers is 
called BANK A. Odd-numbered segment byte 
registers are called BANK B. 

All PCF8577 have the same slave address 
(see Figure 12). All devices load the second 
byte into the control register, and each device 
maintains an identical copy of the control byte 
In the control register at all limes (see 12C bus 
protocol Figure 13). 
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.. 
The control register is shown in more detail In 
Figure 1. The least-significant bits select 
which device and which segment byte regis
ter are loaded next. This part of the register is 
therefore called the Segment Byte Vector 
(SBV). 

The upper three bits of the SBV (V5to V3) 
are compared with the hardWare sub-address 
input signals A2, A I, and AO. If they are the 
same, then the device Is enabled for loading; 
if not, the device ignores incoming data but 
remains active. 

The three least-signifICant bits of the SBV (V2 
to VOl address one of the segment byte 
registers within the enabled chip for loading 
segment data. 

The control register also has two display 
control bits. These bits are named MODE and 
BANK. The MODE bit selects whether the 
display outputs are cQnfigured for direct- or 
duplex-drive displays. The BANK bit allows 
the user to display BANK A or BANK B, 

Auto-Incremented Loading 
After each segment byte is loaded, the SBV is 
incremented automatically, thus auto-Incre
mented loading occurs If more than one 
segment byte is received In a data transfer. 

Since the SBV addresses both device and 
segment registers, auto-Incremented loading 
may proceed across device boundaries pro
vided that the hardware sub-addresses are 
arranged contiguously. 
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Direct-Drive Mode 
The PCF8577 is set to the direct-drive mode 
by loading the MODE control bit with logic O. 
In this mode, only four bytes are needed to 
store the data for the 32 segment drivers. 
Selling the BANK bit to logic 0 selects even 
bytes (BANK A); selling the BANK bit to logic 
1 selects odd bytes (BANK B). 

In the direct-drive mode, the SBV is auto
incremented by two after the loading of each 
segment byte register. This means that auto
incremented loading of BANK A or BANK B is 
possible. Either bank may be completely or 
partially loaded regardless of which bank is 
being displayed. Direct-drive output wave
forms are shown in Figure 2. 

Duplex Mode 
The PCF8577 is set to the duplex mode by 
loading the MODE bit with logic 1. In this 
mode, a second backplane signal (BP2) is 
needed and pin A2/BP2 is used for this; 
therefore, A2 and its equivalent SBV Bit V5 
are undefined. The SBV auto-increments by 
one between loaded bytes. 

All of the segment bytes are needed to store 
data for the 32 segment drivers and the 
BANK bit is ignored. 

Duplex mode output waveforms are shown in 
Figure 3. 

CHARACTERISTICS OF THE 12C 
BUS 
The 12C bus is for 2-way, 2-line communica
tion between different ICs or modules. The 
two lines are a serial data line (SDA) and a 
serial clock line (SCl). Both lines must be 
connected to a positive supply via a pull-up 
resistor when connected to the output stages 
of a device. Data transfer may be initiated 
only when the bus is not busy. 

Bit Transfer 
One data bit is transferred during each clock 
pulse. The data on the SDA line must remain 
stable during the High period of the clock 
pulse as changes in the data line at this time 
will be interpreted as control signals. 
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NOTES: 
VON'" Voo- Vss 
VOFF-O 

OFF 

_ill 
_ill 

ON 

ru 
U1 

ru 
....J...LL 

fLCD 

BPI 

SEGMEHTX 
(SX) 

aPl - sx 

FIgure 2. Direct-Drive Mode Display Output Waveforms 

NOTES: 

VDD 
0.5 (Vao - vaal 

Vas 
VDD 

0.5 (Vao - vaal 

Vas 
Vao 

Vas 

VON-O.79 (Voo-Vssl 
VOFF-O.35 (Voo-Vssl 
VON 
--2.26 
VOFF 

OFF/OFF 

rn-,. 
-iJTl 
_JL 

IlLu 
V 

OHIOFF OFF/ON 

r\ r\ 
uI1 uI1 
U .rL 

J\ uf1 

A 1l 
~ 

ON/ON 

A BPI 

0 BP2 

U SEGMENT X 
(SX) 

II apl-SX 

tl BP2-SX 

I 
1 I--f LCD 

WF' ..... 

Figure 3. Duplex Mode Display Output Waveforms 
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I CHANGE I 
I OFDA1lI I 
I ALLOWED I 

Figure 4. Bit Transfer 
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Start and Stop Conditions 
Both data and clock lines remain High when 
the bus is not busy. A High-to-Low transition 
of the data line while the clock is High is 
defined as the start condition (S). A Low-to
High transition of the data line while the clock 
is High is defined as the stop condition (P). 

System Configuration 
A device generating a message is a "trans
mitter"; a device receiving a message is the 
"receiver". The device that controls the mes
sage is the "master" and the devices which 
are controlled by the master are the 
"slaves". 

!---h.-' r-~ 
-~I\I I:: \ III--

I I I I 

SOL ~ ,-----<~ ~- SOL 

L~J '---' '----' L!J 
SFARI'CONDITION """'CONDITION 

WF1815108 

Figure 5. Definition of Start and Stop Conditions 

MCLK r-\. .... ________ r\ r\ r\. 
J \ ,r,IsA::J L= .... ==:1, I ~_------JI \-----

Ao~AI2~~~~~~~~~~~~~~~~~~==_..J)I( ADDRESS 0 ~ FIRST rON.ZERO ADDRESS X .... _______ _ 
INTO. 1. 
AND 2 

Acknowledge 
The number of data bylas transferred be
tween the start and stop ,conditions from 
transmitter to receiver is not limited. Each 
byte is followed by one acknowledge bit. The 
acknowledge bit is a High level put on the bus 
by the transmitter, whereas the master gener
ates an extra acknowledge-related clock 
pulse. A slave receiver which is addressed 
must generate an acknowledge after the 
reception of each byte. Also, a master must 
generate an acknowledge after the reception 
of each byte that has been clocked out of the 
slave transmitter. The device that acknowl
edges has to pull down the SDA line during 
the acknowledge clock pulse, so that the 
SDA line is stable Low during the High period 
of the acknowledge-related clock pulse. Set
up and hold times must also be taken into 
account. A master receiver must Signal an 
end of data to the transmitter by not generat
ing an acknowledge on the last byte that has 
been clocked out of the slave. In this event, 
the transmitter must leave the data line High 
to enable the master to generate a stop 
condition. 
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Legend: __ HZ.TATE 

Figure 6_ System ConflguraUon 

SIMI" CI.OCK PULSE FOR 
CONDITION ~ENT 

I 
SCLFROM 

MASl'ER I 
I 
I 

BY~""1 c--x I 
DATA OUTPUT 
BY RECeIVER 

8 

Figure 7_ Acknowledgement on the 12C Bus 

6-146 

WF18520S 



Signetics Unear Products 

32-/64-Segment LCD Driver for Automotive 

Timing Specifications defined. The PCF8577 operates in both 
modes. The timing requirements are as fol
lows: 

Within the 12c bus specifications, a high
speed mode and a low-speed mode are 

Where: 
taUF 

"'0: 1sT. 
tu7Nmln 

tHIBHmin 

Isu: 1sT. 
tHO; tDAT 

leu: IoAT 
IR 

IF 
Isu: tsro 

NOTE: 

SDA 

SCL 

SDA 

t>-tLOW min 

t>\iIGH min 

4.7"" 

4"" 
t>\ow min 

1;;'0"" 
t>25On8 

1<1"" 
1<3OOns 

t>\ow min 

The minimum time the bus must be free before a new transmission can start 
Start condition hold time 
Clock Low period 
Clock High period 
Start condition setup time; only valid for AlpeaI8d start cod. 
0018 hold time 
Data setup time 
Rise time of both tho SOA end SCl Uno 
Foil tim. of both the SOA end SCL line 
Stop condition ae1up time 

All the timing values refer to VIH and VIL leve!s with a voltage swing of Vss to Voo. 

figure a. Timing of the High-Speed Mode 

Product Specification 

PCF8577 

Hlgh-5peecl Mode 
Masters generate a bus clock with a maxi
mum frequency of 100kHz. Detailed timing is 
shown in Figure 8. 

WF' ..... 

"\ r---, ,----;r---v--v--:-\ r---IT\ r 
SDA LJ LJ .. __ 1 L __ ...A....J .. __ i LL __ .J '-__ .. V 

"--" ~ -..- -..- ------ ---- ~ .-.--..--..- ~ 
SJ'AIIT ADDRESS RiVi ACK ACK SJ'AIIT ADDRESS RiVi ACK SlOP 

CONDI11ON CONDmON 

WheN: 
Clock 'lwwmin 4.71JS 

tHIGHmIn 4ps 

The dashed line is the acknowledgement of the receiver 
Mark-to-space Altio 1:1 (Low·to-Hlgh) 
MBXtmum number of bytes Unrestricted 
Premature termination of transfer Allowed by generation of STOP concltion 
Acknowtedgo clock bn Muot be pmvldod by tho maotor 

Figure 9_ Complete Date Transfer In the Hlgh-8peed Mode 
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Low-Speed Mode 
Masters generale a bus clock with a maxi
mum frequency of 2kHz; a minimum Low 

period of 105j.1S and a minimum High period 
of 365j.1S. The mark-Io-space ralio is 1:3 Low
to-High. Detailed timing is shown In Figure 10. 

Where, 
lBUF 
tHO; tarA 

It.ow 
IHl"" 
tau,IsTA 
'"'" IoAT tau,IoAT 

'" IF 
tau: taro 
NOTE: 

SDA 

SCL 

SDA 

I ;. 105,.. <tcow MON) 

I;' 365,.. (1to1GH MOW 
130,... 25,.. 
390,... 25,.. 
130I'S± 251AS* 
1;'0,.. 

1;'250no 
1<1,.. 
1<30one 
130,... 25,.. 

1----tHIGH----t 

All the timing value. r_ to VOH and VOL level. wllh a voltage awing of V .. to Voo. lor definition ... e High-Speed Mode . 
• Only valid lor repeated alart code. 

Figure 10. nmlng of the Low-Speed Mode 

~A,\ .... ________ ~ I 
. I~ 

SCL-V-V 
START 

CONDITION 

Where: 
Clock It.ow"'n 

1>00_ 
Mark-to-space ratio 
Start byte 
Maxtmum number of bytea 
Premature termination of transfer 
AckMwledge clock bn 

130,... 25,.. 
390pa ± 251'8 
1:3 (Low-to-Hlgh) 
0000 0001 
6 
Not allowed 
Muat be provided by maater 

OU_V REPEATED 
ACKNOWLEDGE START 

CONOtTfON 

ADDRESS 

Figure 11. Complete Date Transfer In the Low-Speed Mode 
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WF ...... 



Signetics Linear Products Product Specification 

32-/64-Segment LCD Driver for Automotive PCF8577 

ADDRESSING 
Before any data is transmitted on the 12C bus, 
the device which should respond is ad
dressed first. The addressing is always done 
with the first byte transmitted after the start 
procedure. 

Slave Address 
Figure 12_ PCF8577 Slave Address 

The slave address for PCF8577 is shown in 
Figure 12. 

12C Bus Protocol 
The PCF8577 12C bus protocol is shown in 
Figure 13. 

ACKNOWLEDGE BY 
ALL PCF81177 

ACKNOWt..EDGE BY 
ALL PCFI577 

ACKNOWLEDGE BY 
SELECTED 

PCF8577 ONLY 

The PCF8577 is a slave receiver and has a 
fixed slave address (Figure 12). All PCF8577 
on the same bus acknowledge the slave 
address in parallel. The second byte is always 
the control byte and is loaded into the control 
register of each PCF8577 on the bus. 8ubse
quent data bytes are loaded into the segment 
registers of the selected device. Any number 
of data bytes may be loaded in one transfer 
and in an expanded system rollover of the 
8BV from 111 111 to 000 000 is allowed. If a 
stop (P) condition is given after the control 
byte acknowledge, the segment data remains 
unchanged. This allows the BANK b~ to be 
toggled w~hout changing the segment regis
ter contents. During loading of segment data, 
only the selected PCF8577 gives an acknowt-

RM '-CONTROL SYTE---' 

AUTO INCREIIEHT 
SEGMENT BYTE VECTOR 

""""'" 
Figure 13. 1:Ie BUB Protocol 

edge. Loading is tsrminated by generating a 
stop (P) condition. 

DISPLAY MEMORY MAPPING 
The mapping between the eight segment 
registers and the segment outputs 81 to 832 
Is shown in Tables 1 and 2. 

8ince only one register bit per segment is 
needed in the direct-drive mode, the BANK 
bit allows swapping of display information. If 
BANK is set to logiC 0, even bytes (BANK A) 
are displayed; if BANK is set to logic 1, odd 
bytes (BANK B) are displayed. BPI is always 
used for the backplane output in the dlrect
drive mode. 

Table 1_ Segment Byte - Segment Driver Mapping in the Direct·Drive Mode 

SEGMENT J BIT MSB LSB 
MODE BANK V2 V1 VO 

7 
6 5 4 3 2 1 

0 
BACKPLANE 

REGISTER I 
0 0 0 0 0 0 88 87 86 85 54 83 82 81 BPI 

0 1 0 0 1 1 sa 87 sa 55 54 83 82 81 BPI 

0 0 0 1 0 2 816 815 814 813 812 811 810 89 BPI 

0 1 0 1 1 3 816 815 814 813 812 811 810 89 BPI 

0 0 1 0 0 4 824 823 822 821 820 819 818 817 BPI 

0 1 1 0 1 5 824 823 822 821 820 819 S18 S17 BPI 

0 0 1 1 0 6 832 S31 S30 829 828 827 826 825 BPI 

0 1 1 1 1 7 832 S31 830 S29 828 S27 S26 825 BPI 

NOTES: 
Mapping example: Bn 0 of Register 7 controls the LCD segment 525 n BANK bH is a logic 1. 
Even bytes (BANK A) correspond to backplane I (BPI) and odd bytes (BANK B) correspond to backplane 2 (BP2). 
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Table 2. Segment Byte - Segment Driver Mapping in the Duplex Mode 

SEGMENT I BIT MSB 
MODE BANK V2 V1 VO 7 REGISTER I 

1 x 0 0 0 0 58 

1 x 0 0 1 1 58 

1 x 0 1 0 2 516 

1 x 0 1 1 3 516 

1 x 1 0 0 4 524 

1 x 1 0 1 5 524 

1 x 1 1 0 6 532 

1 x 1 1 1 7 532 

NOTES: 
X - don't care. 
Mapping example: Bit 7 of Register 5 controls the LCD segment S24/BP2. 

Yoo o--T---I 

SCLo-----t 

SDA 0-----11 

NOTE: 

DIRECT DRIVE LCD DISPl.AY 

DEVICE SUB-ADDRESS 
A2, A1, AIJ = 000 

1. Tho serle • .-tanoa of the display backplane must ba greater than 1 kSl. 

6 5 4 3 

57 56 55 54 

57 S6 55 54 

515 514 513 512 

515 514 513 512 

523 522 521 520 

523 522 521 520 

531 530 529 528 

531 530 529 528 

Product Specification 
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LSB 
2 1 

0 
BACKPLANE 

53 52 51 BP1 

53 52 51 BP2 

511 510 59 BP1 

511 510 59 BP2 

519 518 517 BP1 

519 518 517 BP2 

527 526 525 BP1 

527 526 525 BP2 

(1) 

Figure 14. Direct-Drive Display; Expansion to 256 Segments Using Eight PCF8577s 
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32-/64-Segment LCD Driver for Automotive 

voo 

v .. 

SCL 

8DA 

NOTE: 

Case 

Rose 

DUPLEX LCD DISPLAY 

DEVICE SUB-ADDRESS 
A1,AO = 11 

1. The series resistances of the display backplanes must be greater than 1 kSl. 

Figure 15. Duplex Display; Expansion to 2 X 128 Segments Using Four PCF8577s 

voo-----I 

v .. ___ ~-I 

SCL-----i 

NOTEQ 
1. MODE bi1 must alWays b. set to 0 (dlrect·drlve). 
2. BANK switching is permitted. 

32 OUTPUT UNES 

DEVICE SUll-ADDRESS 
A2, A1, AIJ :::: 000 L.:======:::: I EXPANSKIN 

00121708 

3. BP1 must always be connected to Vss and AO/OSC must be connnected to either Veo or Vss (no LCD modulation). 

Figure 16. Use of PCF8577 as 32·Blt Output Expander In 12C Bus Application 
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Signetics SAA1060 
LED Display/Interface Circuit 

Linear Products 

DESCRIPTION 
The integrated circuit SAA 1060 is pri
marily designed to drive the display unit 
of a digital tuning system. It can also be 
used as a 16-bit serial-ta-parallel decod
er. 

Data transmission is initiated by means 
of a burst of clock pulse (elB), a data 
line enable Signal (OLEN) and the data 
signal (DATA). The bus control circuit 
distinguishes between interference and 
valid data by checking word length (17 
bits) and the leading-zero. This allows 
different bus information to be supplied 
on the same bus lines for other circuits. 

The last bit (Bit 17) of the data word 
contains the information that determines 
which of the two internal latches will be 
loaded. The input lOEX determines if 
the latched data of selected latches is 
presented directly to the outputs, or 
synchronized with the data select signal 
DUP. 

The output stages are NPN transistors 
with open collectors. The current capa
bility is designed for the requirements of 
duplex operation. Two of the outputs (Os 
and 016) are arranged for double cur
rent, so that 2 X 2 segments can be 
connected in parallel. 

ORDERING INFORMATION 

Product Specification 

FEATURES 
• Driving 7-, 14-, 16-segment 

displays 
• Driving linear displays, bar graph 

displays for analog functions 
• Serlal-to-parallel decoder 
• Bus control for the selection of 

16-blt words 
• 2 X 16-blt latch 
• Duplex operation for two modes 

of output: static (16-blt) or 
dynamic (2 X 16-blt) 

• Data transfer control 
• 2 outputs for higher output 

current (80mA) 

APPLICATIONS 
• Driving 7-segment displays 
• Driving 14-segment displays 
• Driving linear displays, e.g., 

pOinter, bar graph 
• Static output of switch functions 
• Dlgital-to-analog converter, with 

external R-2R network 
• Extension of the number of 

outputs for microprocessors or 
microcomputers 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

24-Pin Plastic DIP, (SOT-IOtA) -20·C to +S5·C SAA1060N 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Vee Supply voltage range -0.3 to +7 V 

PrOT Total power dissipation 900 mW 

TA Operating ambient temperature range -20 to +80 ·C 

TSTG Storage temperature ra'1ge -65 to +150 ·C 
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LED Display/Interface Circuit SAA1060 

BLOCK DIAGRAM 

DUP LOEX DATA DLEN CLB 
B0078&18 

DC ELECTRICAL CHARACTERISTICS VEE = 0; T A = 25°C, unless otherwise specified. 

I Vee LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

(V) Min Typ Max 

Vee Supply voltage 4 5 6 V 

lee Supply current 5 60 rnA 

Inputs DATA, CLB, DLEN, LOEX 
VIH Input voltage HIGH 5 2 5 V 
VIL Input voltage LOW 5 1 V 
-IlL Input current LOW 5 VI=O 20 iJA 
fl Maximum input frequency 5 50 kHz 

Input DUP 
VIH Input voltage HIGH 5 0.8 12 V 
VIL Input voltage LOW 5 -6 0.4 V 
IIH Input current HIGH 5 0.01 12 rnA 
fl Maximum input frequency 5 50 kHz 

Outputs 01 to Or, 
09 to 015 

VOH Output voltage HIGH 5 IOH=O 16.8 V 
VOL Output voltage LOW 5 IOL= 40mA 0.5 V 

Output current LOW 
IOL Duplex mode 5 Peak value at sinusoidal voltage 80 mA 
IOL DC mode 5 20 40 mA 

Outputs 08 and 016 

VOH Output voltage HIGH 5 IOL=O 16.8 V 
VOL Output voltage LOW 5 IOL= 80rnA 0.5 V 

Output current LOW 
IOL Duplex mode 5 Peak value at sinusoidal voltage 120 rnA 
IOL DC mode 5 40 80 mA 
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LED Display/Interface Circuit 

OPERATION DESCRIPTION 
Data Inputs (DLEN, DATA) 
The SM 1060 serially processes the HI .. bit 
data words synchronized with the clock burst 
(elB) and applied to the data Input DATA. A 
ccmmand will be accepted only when the 
data line enable input (OLEN) is HIGH (see 
Figure 2). 

Each data word must start with a leading .. 
zero. The SM 1060 checks the data word for 

NOTES: 
Condition for 17th bit: 

o - load dala latch B 
1 - load daIa latch A 

the ccrrect length (18 bits) and also for the 
leadlng .. zero. 

The actual data is switched directly to the 
appropriate outputs. For switching on a seg .. 
ment, a '0' (lOW) is necessary at the appro
priata data bit. 

Data Selection Input (DUP) 
The logic states at Input OUP determine 
which of the two latch ccntai1ts can be found 
on the output. 

o - latch A ccntents 

Product Specification 

SAA1060 

1 - latch B ccntents 

Load Control Input (LOEX) 
Input lOEX determines the operation mode in 
which the device is able to work. 

o - duplex mode, i.e., output synchronized 
with the duplex signal 

1 = DC mode, i.e., output direct from the by 
OUP selected data latch. 

When operating in duplex mode at 50Hz, the 
time between two data words to be transmit .. 
ted must be > 21ms. 

".44108 

The IoacRng of tho accoptod Information in ono of tho dOla latches is dono by tho 19th clock pulos, when OLEN Is LOW. 

Figure 1 .. OrgaRtzatJon of a Data Word 

LOAD PULSE 

H -.---~ .J"LIUUl.... OlB 
L 

H 
DLEN 

L 

~4-------------~WORD------------~~ 

DATA : _~"I Brr! I I 
--==II-- TEST LEADING ZERO 

Figure 2. Pul .. Diagram of the 16-811 Data Transm .... on 
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Signetics SAA1061 
Output Port Expander 

Linear Products 

DESCRIPTION 
The SM1061 is an NMOS output port 
expander circuit, which converts serial 
input data into parallel output informa
tion. The IC is used in combination with a 
microcomputer. 

The SM 1061 is an addressable output 
port expander for use in microcomputer
controlled systems. It converts serial 
input data into parallel output informa
tion. The circuit comprises a CBUS re
ceiver, logic to check input format, a 16-
bit serial/parallel converter, latches and 
drivers for the parallel outputs. 

The data is transmitted via the 3-line 
CBUS from the microcomputer. If the 
data transmission is valid, the data is 
transferred by a load pulse via the latch 
to the driver output. Each data transmis
sion is checked for word length (la-bit) 
by the on-chip word format control cir
cuitry. This allows different bus informa
tion to be supplied on the same bus lines 
for other circuits. 

ORDERING INFORMATION 

Product Specification 

The address inputs Ao and A1 determine 
four address possibilities. A data trans
mission only takes place if the pro
grammed addresses correspond with 
the address bits SO and Sl. 

FEATURES 
• Bus control for the selection of 

18-bit words 
• 16-blt latch and low-ohmic driver 

outputs 
• Pin compatible with the SAA1060, 

except the SAA1061 has no 
duplex mode 

• Address selection Inputs; up to 
four SAA1061 circuits can be 
operated from a common CBUS 

APPLICATIONS 

• LED driver 
• Jl.P output port expander 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

24-Pin Plastic DIP (SOT-IOtA) -20·C to +80·C 

BLOCK DIAGRAM 

CBUS 

November 14, 1986 

Ao A, --ADDRESS INPUTS 
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SAA1061N 

SAA1081 

PIN CONFIGURATION 

N Package 

TOPvtEW 
CD1078O$ 

PIN NO. SYMBOL DESCRIPTION 
6 Veo Positive supply (+ 5V) 

15. 19 Vos Ground (OV) 

Inputs 

1 C BUS 

4 A, Address bit 51 
5 OLEN Data line enable 
7 Ao Address bit SO 
8 DATA Data word 
9 CLB Clock burst 

Outputs 
1 0,. 
2 0" 
3 0" 

10 0,2 Driver outputs 
11 0,4 0, to 0 16 
12 0,3 corresponding 
13 O. with the data 
14 0, bits 1 to 16 
16 Or of the data word. 
17 02 
18 00 
20 00 
21 Os 
22 0,. 
23 D. 
24 04 

853-0958 86551 
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Output Port Expander SAA1061 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

VOO Supply voltage range -O.S to +7.5 V 

VIN Input voltage range -0.3 to +15 V 

±IIN Input current 10 mA 

VOUT Output voltage range -O.S to + 16.5 V 

±IOUT Output current per output 20 mA 

Po Power dissipation per output 7.5 mW 

PTOT Total power dissipation per package SOO mW 

TA Operating ambient temperature range -20 to +60 ·C 

TSTG Storage temperature range -65 to +150 ·C 

DC ELECTRICAL CHARACTERISTICS VSS - OV; Voo = 5V; T A = -20 to + 80·C, unless otherwise specified. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Voo Supply voltage 4.5 5 5.5 V 

100 Supply current 20 mA 

Inputs CLB, OLEN, DATA, Ao. Al 

VIL Input voltage LOW TA = 25·C -O.S 0.8 V 

VIH Input voltage HIGH 2.0 15 V 

IIR Input leakage current VI~-O.S to +15V 1 vA 
Outputs 01 to 0 18 (open-drain) 

VOL Output voltage LOW IOL = 15mA 0.65 V 

IOH Output leakage current HIGH VOH= 16.5V 20 vA 
IA,IF Rise and fall times VOL = 1.5V; VOH = IS.5V 10 JIB 

C BUS timing 

tR, tF Rise and fall times 2 p.s 

tsUOA Data setup time: DATA -+ CLB 400 ns 

ItiOOA Data hold time: DATA -+ CLB 250 ns 

tsUEN Enable setup time: OLEN -+ CLB see Figure 1 400 ns 

tsUOI Disable setup time: CLB -+ OLEN 600 ns 

tsULO Setup time: OLEN -+ CLB (load pulse) 400 ns 

tWH, tWL CLB pulse width HIGH/LOW 450 ns 
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Output Port Expander 

V., 
OLEN 

Va. 

VIH 

CLB 

Product Specification 

SAA1061 

VII -H+,..II=--I-k 
DATA 

ENABLE DATA DISABLE LOAD 

OPERATION DESCRIPTION 
1. CBUS Transmission 
The data words are entered via a serial CBUS 
interface. A clock burst of 18 clock periods Is 
used to transmit the 16-bit data word, plus 2 
identifier bits. 

Serial data words, which are synchronized 
with the clock burst (CLB), are accepted if the 

H 
CL8 

L'"~-+-..I 

DATA 

Definitions to Figures 2 and 3: 

• Word length: number of clock pulses 
during OLEN is active (HIGH); n + 1 
bits - 18 bits. 

• Bit number 0 is for the SAA1061 SO. 

• Data bits: bit numbers 1 to n-1 (16-
bits); bit no. n is SI. 

• Load pulse: first clock pulse after OLEN 
returns to inactive (LOW). 

November 14, 1986 

Figure 1_ C BUS Timing 

enable input OLEN is HIGH at the same time. 
Each transmission is checked for word length 
(number of clock pulses during OLEN is 
HIGH) and the address bits SO and SI. 

The valid data flag is only set if: 
1. Word length is correct; 2 address bits 
and 16 data bits. 
2. Address bits SO and S 1 correspond 
with Ao and A,. 

Figure 2. Data Word Organization 

Loading the information into the selected 
latch register is done by the load pulse (first 
clock pulse after the HIGH-to-LOW transition 
of OLEN) if the address bits correspond with 
Ao and A,. The load pulse or a new LOW-to
HIGH transition of OLEN resets the valid data 
flag. Only after the valid data flag is reset, will 
new data be accepted. 

'--__ ~I 

Figure 3. CBUS Data Transmission 

2. Address Inputs Ao and AI 
The 1 st bit (bit SO) and the 18th bit (bit S 1) of 
the data word are the address bits. Data is 
accepted only if the addresses correspond to 
the programmed addresses at inputs Ao and 
Alo that is for: 

6·157 

3. Data Outputs 01 to 018 
The outputs 0, to 0'6 correspond with the 
data bits 1 to n-l (16-bits). The open-drain 
driver outputs (0, to 0,6) are switched to 
ground (On - LOW), if the corresponding data 
bit is LOW. 

4. Power-On Reset 
The circuit generates internally a reset-cycle 
after switching on the supply and the outputs 
become high-ohmic (HIGH). 

I 
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Linear Products 

DESCRIPTION 
The TEA 1017 is a bipolar integrated 
circuit intended to drive displays, triaes 
and relays and small stepper motors. 
The data. is serially shifted into the 
device and is stored in 13 latches that 
drive the outputs. 

FEATURES 
• TTL and CMOS compatlbl. Inputs 
• Outputs drlv. load In both 

dlr.ctlons 
• Pow ..... on reset mak.s outputs 

floating 
• Wide supply voltage range 

ORDERING INFORMATION 

TEA1017 
13-Bif Serial-fo-Parallel 
Converter 
Product Specification 

APPLICATIONS 
• Driving stepper motors 
• Driving triaes 
• Used as a simple switch 
• Driving mosaiC printhead 
• Electronic appliances; I.e., 

washing machines 
• EI.ctronlc .qulpment; I.e., 

typewriters 

• Relays 
• Automotive Industry 

PIN CONFIGURATION 

N Package 

012 

010 
___ -J-

lOP VIEW 
00101708 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

18·Pin Plastic DIP (SOT·l02HE) 

BLOCK DIAGRAM 

October 10, 1986 

DATA 
OlEN 

ClK 

-20·C to +80·C TEA1017N 

6-158 

01 
02 
03 
Q4 

05 
os 
07 
os 
os 
010 
011 
012 
013 

''''"' ... 
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13-Bit Serial-to-Parallel Converter 

FUNCTIONAL DESCRIPTION 
The control logic performs a key function in 
this device. It checks whether the input infor
mation has the correct format: a OLEN signal 
that has been HIGH during 14 clock pulses, 
and a DATA signal with its first bit LOW. 

When the format is found to be correct. the 
15th clock pulse makes the control logic 
generate a signal that loads the content of 
the first 13 bits of the shift register into 13 
latches. These drive the output stages. 

"Acknowledge" (Pin 4) 
After the 15th clock pulse, an Acknowledge 
signal drives the DATA pin to LOW. To use 
this information, the DATA should be pro
grammed HIGH and an open-collector de
vice, or a series resistor should be used on 
the DATA input. This signal is valid until the 
next clock pulse, LOW-to-HIGH transition 
(see Figure 1). 

Supply Vee (Pin 7) 
The supply current of the TEAl 017, is regu
lated internally. This permits the circuit to be 
used over a very wide range of supply volt
ages (i.e., 4.5 to 18V) with little variation of 
supply current. 

October 10. 1986 

The circuit has a power-on reset arrangement 
that resets the circuit and brings the outputs 
in a high-impedance state. It requires a rise 
time of the supply larger than 31JS1V. 

DATA Input (Pin 4) 
The circuit requires input information on the 
DATA input consisting of 14 bits, the first bit 
being LOW. This information should be syn
chronous with the clock pulse. Data is loaded 
into the shift register at the HIGH-to-LOW 
transitions of the clock pulse. 

Data Line Enable Input OLEN 
(Pin 5) 
A HIGH level on the OLEN input enables the 
shift register. This HIGH level should have a 
duration of 14 clock pulses (see Figure 1). 

After the OLEN input has returned to LOW 
the subsequent (15th) clock pulse transfers 
the content of the shift register to the latches 
and from there to the outputs. 

Clock Input CLB (Pin 6) 
The shift register shifts at the HIGH-to-LOW 
transitions of the clock pulse. The clock 
signal may be a continuously running clock or 
a clock burst of 15 clock pulses. 

Figure 1. Bus Timing Characteristics 

6-159 

Product Specification 

TEA1017 

Outputs Q1 to Q13 
The outputs are capable of supplying a load 
current in both directions; i.e., they can drive 
a load to the supply (Vcc) or to ground (VEE). 

1.6 

1\ 
\ 

1.2 

\ 
8JA=60OC/W \ 

D.4 

1\ 
\ 

o 
-26 0 60 100 160 

FIgure 2. Derating Curve 
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13-Bit Serial-to-Parallel Converter TEA1017 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Vee Supply voltage 18 V 

VI Input voltage range, all inpuls -0.3 to Vee = 0.3 V 

Output current, all outputs 
-IOH HIGH 150 mA 
IOL LOW 150 mA 

PTOT Total power dissipation 1.4 W 

TSTG Storage temperature range -40 to +150 ·C 

TA Operating ambient temperature range -20 to +80 ·C 

DC ELECTRICAL CHARACTERISTICS Vee = 4.5 to 18V; VEE = OV; TA=-20·C to +80·C, unless otherwise specified. 

SYMBOL PARAMETER MIN TVP MAX UNIT 

Supply (Pin 7) 

Supply current 
during normal operation, unloaded 

lee at Vee = 4.5V 45 60 rnA 
lee at Vee = 18V 50 70 mA 

during power-on blanking, unloaded 
lee at VCC= 4.5V 1.5 2 rnA 
lee at Vee = 18V 5 7 rnA 

Supply voltage rise time to ensure 
power on reset 3 pslV 

Clock input CLK (Pin 8) 

Input voltage 
VIH HIGH 2 V 
VIL LOW 0.8 V 

Input current 
IIH HIGH at VCLKH = 2V 10 /AA 

-IlL LOW at VCLKL = 0.4V 10 /AA 
DATA Input (Pin 4) 

Input voltage 
VIH HIGH 2 V 
VIL LOW 0.8 V 

Input current 
IIH HIGH at VIH = 2V 10 /AA 

-IlL LOW at VIL - 0.4V 10 /AA 
DATA input in sink current 

IOACK ACKN=TRUE 1 mA 

Data line enable Input OLEN (Pin" 5) 

Input voltage 
VIH HIGH 2 V 
VIL LOW 0.8 V 

Input current 
IIH HIGH at VS-3 = 2V 10 /AA 

-IlL LOW at VS_3 = 0.4V "" 10 /AA 
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13-Bit Serial-to-Parallel Converter TEA1017 

DC ELECTRICAL CHARACTERISTICS (Continued) Vcc=4.5 to 1BV; VEE = OV; TA=-20·C to + BO·C, unless otherwise 
specified. 

SYMBOL PARAMETER MIN TYP MAX UNIT 

Outputs Q1 to Q13 

Output voltage during normal operation 
VOH HIGH at - 10H ~ BOmA Vee -1.5 V 
VOL LOW at IOl = BOmA 1 V 

Output current during power-on reset 
-IOH HIGH 10 fJA 
IOl LOW 10 fJA 

Rise and fall times: no maximum 

Minimum times as Vee=4.5V 
(See Figure 1) 

AC ELECTRICAL CHARACTERISTICS Vee = 4.5 to 1BV; VEE = OV; TA = -20·C to + BO·C, unless otherwise specified. 

SYMBOL PARAMETER MIN TYP MAX UNIT 

Clock input ClK (Pin 6) 

Clock pulse duration 
tWH HIGH B jlS 

tWl LOW 10 j.ls 

Outputs Q1 to Q13 

tsUOl Setup time ENABLE 2.8 j.ls 

tHOl Hold time ENABLE 5.0 j.ls 

tSOA Setup time DATA 0 j.lS 

tHOA Hold time DATA 2.8 j.lS 

tsLO Setup time LOAD 1.4 j.ls 

tWl Pulse width LOW 10 jlS 

tWH Pulse width HIGH 8 jlS 

fMAX Max. clock input frequency = 1/ (tWH + twO 50 kHz 

tPCQ Propagation delay CL to output 8.5 jlS 

tPCA Propagation delay CL to ACKN 6 jlS 
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13-Bit Serial-to-Parallel Converter 

APPLICATION INFORMATION 
1. From the buffer-capacitors C1 of the 

power supply the supply connections to 
the TEA 1017 and the loads should be 
separated. An extra capacitor of 10llF 
with good high-frequency characteristics 
should be mounted across the V cc and 
VEE connections as close as possible to 
the TEA101? 

+ 
C2 

Product Specification 

TEA1017 

r---1--'--~-1--------------------~---O+ 

r-&.:.....L:::.....L:....&:~5 DLEN 

8 eLK TEA1017 CONTROLLER 
+ 

C1 

L-.-----ACKN SENSING 2. If no use is made of the Acknowledge 
information it is advised to program the 
data output from the controller to LOW 
during the time ACKN is valid. To use the 
Acknowledge information, the data out
put must be programmed HIGH. When a 
push-pull controller device is used, a 
series resistor has to be connected in the 
data line between the controller and 
TEA101? The ACKN may be sensed on 
the TEA10l? side of this resistor (see 
Figure 3). 

Figure 3. TEA1017 With 3 Loads to Vee Q = 0 and 3 Loads to VEE Q = 1 

NOTE: 
ACKN is removed from the data line after the next 
LOW~to-HIGH transition of the clock line with a 
maximum delay of 61lS (!:PCA maximum). 
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The TEA 1017 integrated circu~ is a serial-to
parallel converter with 13 push-pull output 
stages, each capable of sourcing or sinking 
BOmA. Owing to its high output current, the 
TEA 1017 can drive a variety of loads such as 
displays, triaes, relays and small stepping 
motors directly. Data enters the TEA 1017 via 
a serial 3-line bus (CBUS), which can be 
controlled by virtually all microcontrollers. 
Add~ional features of the TEA 1017 are: 
• A wide supply voltage range, 4.SV to 

1BV 

• Input data rate up to 50K baud 

• Data acknowledgement 
• Integrated flywheel diodes in the output 

stages. 

Figure 1 is a block diagram of the TEA1017. 
The DATA, DlEN and ClK lines comprise the 
CBUS. Serial data from a microcontroller 
enters on the DATA input and is clocked into 
a shift register enabled by the DlEN (data 
line enable) signal. Internal control logic 
checks that the data has the correct format 
before it is latched and applied to the output 
stages. The output data can be updated 

1EA1017 

DATA 0-......;4+-_i 
DLEN 0---=5+--i 

CLK 0---=6+-_-1 

VEE 0---=3+-_i 

vee 0-......:7+-_-1 

INPUT 
AMPLIFIER 

INTERNAL 
CURRENT 
SOURCE 

POWER-ON 
LOGIC 

I 

AN103 
13-Bit Serial-to-Parallel 
Converter: TEA1017 
Application Note 

every 320",s. At power-on, the power-on logic 
resets the control logic and leaves the out
puts, 01 to 013, floating until the first data 
word is latched. 

Table 1 gives brief data on the TEA1017. 

INPUT AMPLIFIER 
Figure 2 shows the input section of a 
TEA1017. A constant-current source 11 
supplies four transistors TR1 to TR4 of which 
TR2, TR3 and TR4 are the current sources 
for three differential amplifiers for the CBUS 
signals DATA, DlEN and ClK. TR1 supplies 
the drive current for the DATA acknowledge 
signal. 

The DATA input is connected to the inverting 
input (base of TRS) of the first differential 
amplifier. The non-inverting input is connect
ed to a voltage reference V 1 which sets a 
threshold of about 2VSE for the DATA input. 

The output of the first differential amplifier is a 
current mirror, TR7 and TRB, the inverse of 
the DATA input Signal appearing at the collec-

ACK 

CONTROL 
LOGIC 

~ Jl 
14-B1T 
SHI" 

REGISTER 

1s.E11T 
LATCH 

tor of TRB. Inverse DlEN and ClK signals 
are generated in a similar way. 

When the format of the incoming serial data 
is correct (see 'CBUS data transfer'), TR9 is 
turned on by a signal from the control logic 
after 14 data b~ have been received, forcing 
the DATA input lOW. If the DATA input is 
pulled HIGH by the microcontroller; e.g., with 
a pull-up resistor, the microcontroller can 
read the DATA line acknowledgement from 
the TEA1017. 

OUTPUT STAGE 
Figure 3 shows one of the 13 output stages of 
a TEA 1017. V 1 and V 2 are internally-derived 
reference voltages. 

When the TEA 1017 is connected to a supply 
voltage V ce, the contents of the 13-bit latch 
will be random. To inhibit the output stage 
until the first valid data is latched, V1 is set to 
zero during power-on reset. This makes the 
differential amplifier comprising transistors 
TR1 and TR2 inactive since neither transistor 
can be driven, and leaves the output floating. 

OUTPUT 
STAGE 

t 

1-_--11-=2'----0 01 

1----Ij-:1---o 02 
18 

1----11-'-'---0 03 
17 

t---II--oo() 04 

1-_--Ij-:1;;,.6 -0() 05 
15 

t---II--oo() as 
1-_--Ij-:1.;..4 -00() 07 

1-_--Ir::13=---o as 
1-_--Ir::12=---o as 

1-_--11-'11:....--0 010 

1-_--11-'10:....-0 011 

I----If.=.'---o 012 

1----If.=8'---o 013 

Figure 1. Block Diagram of the TEAi0i7. The Ie 18 In 8 Standard i8-Pln DIP Package 
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13-Bit Serial-to-Parallel Converter: TEA1017 

Table 1. Brief Data on the TEA1017 Vee = 4.5V to lSV: VEE~OV and TA-25·C. 

SYMBOL PARAMETER MIN 

Vee Supply voltage 4.5 

10L: -IOH Max. output current par ouput so 
Output leakage current during 
power-on reset 

Power dissipation, loaded 
Ptot at Vee=5V 
Ptot at Vee = lSV 

Input voltage for DATA, OLEN and ClK: 
VIH input voltage HIGH 2 
VIL input voltage lOW -0.3 

Input current for DATA, OLEN and ClK: 
IIH input current HIGH (VIH = 2V) 
-IlL input current lOW (VIL - 0.4V) 

VOH Output voltage HIGH at -IOH - somA Vee- 1.5 

VOL Output voltage lOW at IOL = SOmA 

IOACK 
Sink current at OAT A input for 

1 
acknowledge 

TA Operating ambient temperature range 0 

The complementary output stage TR3 and 
TR4 has a low output impedance for both 
HIGH and lOW logiC levels. Since TR3 is an 
emitter-follower, its saturation voltage Is one 
VeE higher than that of TR4, a common
emitter amplifier. This should be taken into 

account when celculating power dissipation. 
The maximum power dissipation of a 
TEA1017 up to 8O·C is l.4W. See Figure 4. 

When an output is changing state, both TR3 
and TR4 can conduct briefly. To supply the 
necessary through-current, it is essential to 

f 

DATA 
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OLEN 

10 CONTROL IDGIC 
A 

CLK 

Figure 2. Input Stage 

, 
CI.K 

ACKNOWLEDGE 
FROM CONTROL LOGIC 

1.006,,,,, 
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TYP MAX UNIT 

lS V 

150 mA 

10 jJA 

0.23 0.3 W 
0.9 1.26 W 

Vee+ 0.3 V 
O.S V 

10 jJA 
10 jJA 

V 

1 V 

mA 

+80 ·C 

connect a 10pF capacitor between Vee and 
VEE as close as possible to the TEA1017. 
This capacitor decouples the TEA1017's sup
ply from that for the load. 

Flywheel diode 01 protects the output of TR3 
when switching inductive loads. Diode 02 
sinks the current I, from a HIGH input (from 
the input stage) into the voltage source V 2, 
limiting the voltage between the bases of TRl 
and TR2. 

CBUS DATA TRANSFER 
Communication between a TEAl 017 and a 
microcontroller is according to the CBUS 
format. As stated earlier, the CBUS com
prises three lines: 

• Data line DATA 

• Data line ensble OLEN 

• Clock ClK. 

Instead of an address, the length of the words 
on the DATA line Is used to access different 
devices connected to a CBUS. For 
TEA1017s, the word length is 14 bits, the 
start and end of words being Indicated by the 
OLEN signal. In addition, the first bit of each 
word must be a zero. Several TEA1017s on 
the same CBUS can be accessed Individually 
by gating the OLEN signal. The CBUS clock 
can have a frequency up to 50kHz and may 
run continuously or operate In bursts of 15 
clock periods. 

Figure 5 and Table 2 show the CBUS timing 
for a TEAl 017. Starting from the insctive 
state (OLEN lOW, ClK lOW and DATA 
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V, 

INPUT 
FROM 
LATCH 

TRC 

7Ic 

Vee 

01 

OUTPUT 
o. 

Figure 3. Output Stage 

Table 2. CBUS Timing Vee D 4.5V; T A = 25°C 

SYMBOL PARAMETER 

tsUOl Setup time ENABLE 

tHOl Hold time ENABLE 

IsOA Setup time DATA 

IHOA Hold time DATA 

IslO Setup time LOAD 

tWl Pulse width LOW 

tWH Pulse width HIGH 

Clock frequency 
fClK (11 (tWH + Iwu 

Propagation delay: 
\pea latch to outputs 
tpCA acknowledge 
tpCAR acknowledge release 

HIGH or LOW), OLEN goes HIGH, enabling 
an internal clock for a 14-bit shift register. The 
DATA line which should be synchronized to 
the CLK is read on the falling edges of CLK 
and the data is loaded into the shift register. 
After the fourteenth falling edge of the clock 
pulse, OLEN goes LOW, indicating the end of 
a word. On the failing edge of the fifteenth 
clock pulse: 

- the contents of the shift register (apart 
from the first bit which is always a LOW for 
a TEA1017) are transferred to a 13·blt 
latch that drives the 13 output stages. The 

February 1987 

MIN MAX UNIT 

2.8 jJS 

5.0 jJS 

0 p,s 

2.8 jJS 

1.4 jJS 

10 p,s 

8 jJS 

50 kHz 

8.5 jJS 
6 jJS 
6 jJS 

first Significant bit read appears at output 
013, the last at 01. 

- the DATA line is pulled LOW, acknowledg
ing the data transfer. On the rising edge of 
the sixteenth clock pulse (continuous 
clock) or of the next clock burst, the DATA 
line is released within 6jJS (tPCAR)' To use 
this acknowledge signal, the microcontrol
ler port connected to the DATA line 
should be programmed HIGH and be an 
open-collector output. When a microcon
troller with push·pull outputs is used, a 
series resistor should be Inserted in the 
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1.8 

1.2 1\ , 
! 0.8 

} 
~ 

'JA.=WCIW \ 
D.4 

~ , 
o 
-25 0 150 175 

OP07810S 

Figure 4. Power Derating Curve 

DATA line. The acknowledge can be 
sensed on the TEA 1017 side of the resis
tor. 

If no use is made of the acknowledge signal, 
the microcontroller port connected to the 
DATA line should be programmed LOW while 
the acknowledge is valid. 

Data words or OLEN signals not according to 
the CBUS format are detected by the internal 
control logic which prevents the word being 
latched, the existing word in the latch being 
held until the next valid word is generated. 

APPLICATIONS 

Switch 
The simplest use for the TEA 1017 is as a 
multipole switch. Because all switch states 
are latched in the TEA 1 017, its microcontrol
ler only has to address the device when the 
state of a switch has to be altered. 

Figure sa shows a 13-level status indicator 
with 26 LEOs (off and on display). This circuit 
is extremely simple because the output volt
age of a TEA 1017 can switch almost between 
Vee and VEE. 

After power-on reset, the outputs of the 
TEA1017 are floating, so both LEOs are lit at 
reduced brightness. After the first data trans
fer, only one diode is lit at each output. 

The TEA 1017 can be used to drive a relay 
directly, owing to the integrated flywheel di
ode in each output stage, see Figure 6b. 

Driving Stepping Motors 
The TEA1017 can drive a variety of small 
four-phase unipolar stepping motors, see Fig
ure 7. Phase energization can be easily 
altered because the control data is stored in 
software in a microcontroller. Larger motors 
than that shown can be controlled by adding 
power transistors at the outputs of the 
TEA1017. Table 3 shows the output states for 

I 
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CLK 

OLEN 

DATA 

OUTPUTQ. 

WF1701lOS 

Figure 5. CBUS Timing. For the TEA1017, a 14·Blt Data Word Is Used; the First Bit Must be a Zero 

1C117508 

a. Status Indicator. 
Only One Output 
Stage Is Shown 

Figure 6 

),11 
J-if 

10111608 

b. Driving a Relay 

rotating the motor shown in Figure 7 in four Table 3. Phase Energization for a Four·Phase Unipolar Stepping Motor 
steps. 

Several stepping motors can be driven inde· 
pendently by one TEAt 017. The speed of 
each motor is calculated in the microcontrol· 
ler's main program and the bit patterns are 
joined in a subroutine with the clock rate 
determined by the motor with the highest 
stepping rate. 

In chart recorders and XIV plotters, one 
TEA 1017 is usually sufficient for all functions 
(XIV movement, pen up, pen down, etc.). 
Furthermore, the CBUS reduces the number 
of wires and interconnections needed. 
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NOTE: 

vee~I:~ 01 1 

Q2 2 
S 

03 3 

00 • 

caus 

Vee 
(12V) 

I 

04 4: 1 _________ 1 

Figure 7. Driving a 4-PhaBe Unipolar Stepper Motor 

Vee 

TC11790$ 

The circuitry for one needle is shown 

a. Driving Matrix Printer Head 

NOTE: 
tp is the time a voltage is applied to the collj tf is the time in which the stored energy of the magnetic field is 
reduced to zero; lev is the pulse period. 
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b. Voltages and Currents for a Matrix Printer Head 
Figure 8 
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Driving a Matrix Printer Head 
Figure 8a shows the circuit for driving one 
needle of a 7· or g·needle matrix printer head. 
Capacitor Cl supplies the peak current for the 
printer head coil whose energization is con· 
trolled by a power transistor BD203 driven by 
a TEA1017. Diodes Dl and D2 limit the 
induced EMF. In addition, D2 improves the 
turn·off by rapidly reducing the magnetic 
energy stored in the coil. Furthermore, part of 
the heat generated during this energy reduc· 
tion is dissipated in D2 instead of in the head. 

The output of the TEA 1017 is a pulse stream 
set by the characters to be printed. Supply 
voltage Vce determines the rate of rise of 
current in the coil and the pulse width sets the 
maximum current, see Figure 8b. 

One possibility is one TEA 1017 driving a 7-
needle head (via power transistors) and the 
carriage return, carriage forward, paper feed 
and line feed stepping motors. 

Driving Triacs 
Figure 9 shows a circuit for driving a BT138 
triac with a TEA1017. In this circuit, the triac 
is triggered with negative gate current which 
reduces the drive required. 

As shown, the triac can be used as a switch 
or as a phase controller. When used as a 
phase controlier, the microcontrolier is syn
chronized to the zero crossings of the mains. 
A zero cross-over detector is incorporated in 
our MAB8400 family of microcontroliers. 

MAINS ISOLATION 
The microcontroller for the TEA1017 can be 
isolated from mains-connected loads either: 

-at the outputs of the TEA1017 or 

-at the CBUS inputs of the TEA1017. 

When there are more than two mains-con
nected loads, it is best to isolate the three 
CBUS lines, for example, with optocouplers 
such as CNX35s (see Figure 9). R2 limits the 
load current of the output port to 1 mAo TR 1 
drives the LED of the optocoupler. R4 deter
mines the dynamic behavior of the circuit. 
With a driver transistor as shown, the 
TEA101.7 can be driven at maximum clock 
frequency. TRI can be omitted if a lower 
clock rate can be tolerated, but an optocou
pier with a higher coupling efficiency (e.g., 
CNX36) should be used. 

I 
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Signetics ICM7555 
General Purpose CMOS Timer 

Linear Products 

DESCRIPTION 
The ICM7555 is a CMOS timer providing 
significantly improved performance over 
the standard NE/SE555 timer, while at 
the same time being a direct replace
ment for those devices in most applica
tions. Improved parameters include low 
supply current, wide operating supply 
voltage range, low THRESHOLD, ii1IG
~, and RESET currents, no crowbar
ring of the supply current during output 
transitions, higher-frequency perfor
mance and no requirement to decouple 
CONTROL VOLTAGE for stable opera
tion. 

The ICM7555 is a stable controller capa
ble of producing accurate time delays or 
frequencies. 

In the one-shot mode, the pulse width of 
each circuit is precisely controlled by 
one external resistor and capacitor. For 
astable operation as an oscillator, the 
free-running frequency and the duty cy
cle are both accurately controlled by two 
external resistors and one capaCitor. 
Unlike the bipolar 555 device, the CON
TROL VOLTAGE terminal need not be 
decoupled with a capaCitor. The circuit is 
triggered and reset on falling (negative) 
waveforms, and the output inverter can 
source or sink currents large enough to 
drive TIL loads or provide minimal off
sets to drive CMOS loads. 

ORDERING INFORMATION 

Product Specification 

FEATURES 
• Exact equivalent in most 

applications for NE/SE555 
• Low supply current - 8011A (typ) 
• Extremely low trigger, threshold, 

and reset currents - 20pA (typ) 
• High-speed operation - 500kHz 

guaranteed 
• Wide operating supply voltage 

range guaranteed 2 to 18V 
• Normal reset function - no 

crowbarring of supply during 
output transition 

• Can be used with higher
Impedance timing elements than 
the bipolar 555 for longer time 
constants 

• Timing from microseconds 
through hours 

• Operates In both astable and 
monostable modes 

• Adjustable duty cycle 
• High output source/sink driver 

can drive TTL/CMOS 
• Typical temperature stability of 

O.005%rC at 25°C 
• Outputs have very low offsets, 

HI and LO 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

8-Pin Plastic DIP o to +70°C ICM7555CN 

8-Pin Plastic so o to +70°C ICM7555CD 

8-Pin Ceramic DIP o to +70°C ICM7555CFE 

B-Pin Plastic DIP _40°C to + 85°C ICM75551N 

8-Pin Plastic SO _40°C to + 85°C ICM75551D 

8-Pln Ceramic DIP _40°C to + 85°C ICM75551FE 

8-Pin Plastic DIP -55°C to + 125°C ICM7555MN 

8-Pin Ceramic DIP -55°C to +125°C ICM7555MFE 

February 12, 1987 7-3 

PIN CONFIGURATION 

0, FE, and N Packages 

8 voo 

7 DISCHARGE 

6 THRESHOLO 

RESET 4 5 ~~~ ____ 01 

TOP VIEW 

APPLICATIONS 
• Precision timing 
• Pulse generation 
• Sequential timing 
• Time delay generation 
• Pulse width modulation 
• Pulse position modulation 
• Missing pulse detector 

853-1192 87586 

• 



Signetics Unear Products 

General Purpose CMOS Timer 

EQUIVALENT BLOCK DIAGRAM 

THRESHOLD 

CONTROL 
VOLTAGE 

FUP-FLOP 
ilESEi' 

OUTPUT 
DfUVEAS 

}O--"--I>O-"--I:>O~'o OUTPUT 

DISCHARGE 

R 

NOTE: 
Unused inputs should be connected to appropriate vottage from Truth Table. 

TRUTH TABLE 

THRESHOLD TRIGGER RESET1 OUTPUT DISCHARGE 
VOLTAGE VOLTAGE SWITCH 

DON'T CARE DON'T CARE LOW LOW ON 

> 2/3(V+) > 1/3(V+) HIGH LOW ON 

VTH < 2/3 VTR > 1/3 HIGH STABLE STABLE 

DON'T CARE < 1/3(V+) HIGH HIGH OFF 

NOTE: 
1. ~ will dominate all other inputs: ~ will dominate over THRESHOLD. 

ABSOLUTE MAXIMUM RATINGS1 

SYMBOL PARAMETER RATING UNIT 

Voo Supply voltage +18 V 

VTRIG 1 frigger input voltage 
VCV Control voltage > -0.3 to 
VTH Threshold input voltage < Voo + 0.3 V 
VRST RESET input voltage 

lOUT Output current 100 mA 

Maximum power dissipation 
T A = 25·C (still-air)2, 3 

F package 780 mW 
N package 1160 mW 
D package 780 mW 

TSTG Storage temperature range -65 to +150 ·C 

TSOlO Lead temperature (Soldering 60s) 300 ·C 

NOTES: 
1. Oue to the SCR structure inherent in the CMOS process used to fabricate these devices, 

connecting any terminal to a voltage greater than Vee + O.3V or less than GND - O.3V may cause 
destructive latchup. For this reason it is recommended that no inputs from external sources not 
operating from the same power supply be applied to the device before its power supply is 
established. In multiple systems, the supply of the ICM7555 must be turned on first. 

2. Derate above 25·C, at the following rates: 
F package at 6.2mW rc 
N package at 9.3mWrC 
o package at S.2mWrC 

3. See .. Power Dissipation Considerations" section. 
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General Purpose CMOS Timer ICM7555 

DC AND AC ELECTRICAL CHARACTERISTICS TA m 25°C, unless otherwise specified. 

ICM7555M ICM755511C 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Veo Supply voltage TMIN<;TA<;TMAX 3 16 2 18 V 

100 Supply current 1 VOO-VMIN 50 200 50 '120 pA 
VOO-VMAX 180 300 180 300 pA 

Astable mode timing2 RA, RB -lk to lOOk, C = O.lj.1F 
5V <; Voo <; 15V 

Initial accuracy' 1.0 5.0 1.0 5.0 % 
Drift with supply voltar 0.1 3.0 0.1 3.0 %IV 
Drift with temperature 

Voo-5V 50 50 ppm'oC 
Voo= 10V 75 75 ppml"C 
Voo -15V 100 100 ppm'oC 

VTH Threshold yoltage Voo-5V 0.63 0.65 0.67 0.63 0.65 0.67 X Voo 

VTRIG Trigger yoltage Voo=5V 0.29 0.31 0.34 0.29 0.31 0.34 X Voo 

Voo - VTRIG = VMAX 50 50 pA 

ITRIG Trigger current Voo - VTRIG = 5V 10 10 pA 

Voo - VTRIG = VMIN 1 1 pA 

Voo - VTH - VMAX 50 50 pA 
ITH Threshold current VOO=VTH=5V 10 10 pA 

Voo = VTH = VMIN 1 1 pA 

Voo = VRST = VMAX 100 100 pA 

IRST Reset current Voo - VRST - 5V 20 20 pA 

Voo - VRST - VMIN 2 2 pA 

VRST Reset Yoltage Voo - VMIN and VMAX 0.4 0.7 1.0 0.4 0.7 1.0 V 

Vcv Control yoltage Vcc- 5V 0.62 0.65 0.67 0.62 0.65 0.67 V 

VOL Output voltage (low) 
Voo = VMAX, ISINK = 3.2mA 0.1 0.4 0.1 0.4 V 
Voo-5V, ISINK - 3.2mA 0.2 0.4 0.2 0.4 V 

VOH Output Yoltage (high) Voo - VMAX, ISOURCE - 1.0mA 15.25 15.7 17.25 17.8 V 
Voo = 5V, ISOURCE = 1.0mA 4.0 4.5 4.0 4.6 V 

VDlS Discharge output voltage Voo = 5V, IDis -10.0mA 0.2 0.4 0.2 0.4 V 

IR Rise time of output' RL - 10Mn, CL - 10pF, Voo - 5V 45 75 45 75 ns 

IF Fall time of output' RL -10Mil, CL -10pF, Voo = 5V 20 75 20 75 ns I 
fMAX 

Maximum oscillator 
500 500 kHz 

frequency (astable mode) 

NOTES: 
1. The supply current value is essentially independent of the ~, THRESHOLD, and J!IEm voltages. 

1.38 
2. Astable timing is calculated using the following equation: f - (RA + 2RelC' The components are defined in Figure 2. 

3. Parameter is not 100% tasted. 

February 12, 1987 7-5 



Signetics Unear Products 

General Purpose CMOS Timer 

TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 
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General Purpose CMOS Timer ICM7555 

TYPICAL· PERFORMANCE CHARACTERISTICS (Continued) 

Frea-Runnlng FreqUIIIICY 88 a Function of RAJ R .. and C 

APPLICATION NOTES 

General 
The ICM7555 device Is, In most Instances, a 
direct replacement for the NE/SE555 device. 
However, It Is possible to effect economies In 
the extemal component count using the 
ICM7555. Because the bipolar 555 device 
produces large crowbar currents In the output 
driver, it is necessary to decouple the power 
supply lines with a good capacitor close to 
the device. The 7555 device produces no 
such transients. See Figure 1. 

The ICM7555 produces supply current spikes 
01 only 2 - SmA Instead of 300 - 400mA and 
supply decoupling is normally not necessary. 
Secondly, In most Instances, the CONTROL 
VOLTAGE decoupling capscItors are not re
quired since the input Impedance of the 
CMOS comparators on chip are very high. 
Thus, for many applications, 2 capacitors can 
be saved using an ICM7555. 

Power SUpply Considerations 
Although the supply current consumed by the 
ICM7555 device Is very low, the total aystem 
supply can be high unless the timing compo-
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Monostable Time Delay VII RA and C 

100 
TA-28"C 

f\ 
kNE/Blll& 
\ 
) ICII7III 

o 201! 400 IGO 800 
lJME(M) 

Figure 1. Supply Current Tranllent 
Compared With a Standard Bipolar 555 

DurIng an Output Trelllltlon 

nents are high Impedance. Therefore, use 
high values for R and low values for C in 
Rgures 2 and S. 
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Output Drive Capability 
The output driver consists of a CMOS inverter 
capable of driving most logic families includ
ing CMOS and TTL As such, If driving CMOS, 
the output swing at all supply voltages will 
equal the supply voltage. At a supply voltags 
of 4.5V or more, the ICM7555 will drive at 
least 2 standard TTL loads. 

Astable Operation 
II the circuit is connected as shown In Figure 
2, It will trigger itseIl and free run as a 
multlvlbrator. The extemal capacitor charges 
through RA and Ra and discharges through 
Ra only. Thus, the duty cycle (0) may be 
precisely set by the ratio of these two resis
tors. In this mode of operation, the capacitor 
charges and discharges ~ 1/S Voo 
and 2/S Voo- Since the charge rate and the 
threshoJd levels are directly proportional to 
the supply voltage, the frequency of oscilla
tion is independent of the supply voltage. 

1.S8 
F----C 

(RA+ 2Ra 
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General Purpose CMOS Timer ICM7555 

Monostable Operation 

1 8 
RA ~ 

GIlD 

2 7 - TRIGGER DISCHARGE r---

OUTPUT 
3 !.. OUTPUT THRESHOLD 

VDO~ CONTROL 5 
R. RESET VOLTAGE 

~ 

In this mode of operation, the timer functions 
as a one-shot Initially, the external capacitor 
(C) is held discharged by a transistor inside 
the timer. Upon application of a negative 
TRRmER pulse to Pin 2, the internal flip-flop 
is set which releases the short circuit across 
the external capscltor and drives the OUT
PUT High. The voltage across the capacitor 
now incraases exponentially with a time con
stant t - RAC. When the voltage across the 
capacitor equals 2/3 V+, the comparator 
resets the flip-flop, which in turn discharges 
the capacitor rapidly and also drives the 
OUTPUT to its low state. ~ must 
return to a high state before the OUTPUT can 
return to a low state. 

JC 

Control Voltage 
The CONTROL VOLTAGE terminal permits 
the two trip voltages for the THRESHOLD 
and ~ internal comparators to be 
controlled. This provides the possibility of 
OSCillation frequency modulation in the asta
ble mode, or even Inhibition of oscillation, 
depending on the applied voltage. In the 
monostable mode, delay times can be 
changed by varying the applied voltage to the 
CONTROL VOLTAGE pin. 

RElET 
The ~ terminal is designed to have 
essentially the same trip voltage as the stan
dard bipolar 555,I.e., 0.6 to 0.7V. At atl supply 
voltages it rapresents an extremely hillh input 
impedance. The mode of operation of the 
REm function is, however, much improved 
over the standard bipolar 555 in that it con
trols only. the Internal flip-flop, which in turn 
controls simultaneously the state of the OUT
PUT and DISCHARGE pins. This avoids the 
multiple threshold problems sometimes en
countered with slow falling edges in the 
bipolar devices. 
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Figura 2. Astable Operation 

TRIGGER DISCHARGE 1-------+ 
OUTPUT THRESHOLD 1-------+ 

CONTROL 
VOLTAGE 

5 -, 
I 
I 
I 

...L OPTIONAL 
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Figura 3. Monoatable Operation 

""""OB 

I 



Signetics PCF8573 
Clock/Calendar With Serial I/O 

Unear Products 

DESCRIPTION 
The PCF8573 is a low threshold, mono
lithic CMOS circuit that functions as a 
real-time clock/calendar in the Inter IC 
(I2C) bus-oriented microcomputer sys
tems. The device includes an address
able time counter and 'alarm register, 
both for minutes, hours, days and 
months. Three special control/status 
flags, COMP, POWF and NODA, are 
also available. Information is transferred 
serially via a two-lin bidirectional bus 
(12C). Back-up for the clock during sup
ply interruptions is provided by a 1.2V 
nickel cadmium battery. The time base is 
generated from a 32.768kHz crystal
controlled oscillator. 

ORDERING INFORMATION 

Product Speciflcstlon 

FEATURES 
• Serial Input/output bus (12c) 

Interface for minutes, hours, 
days and months 

• Additional pulse outputs for 
seconda and minutes 

• Alarm register for preaeHlng a 
time for alarm or remote 
switching functions 

• BaHery back-up for clock 
function during supply 
Interruption 

• Crystal oscillator control 
(32.768kHz) 

APPUCATIONS 

• AutomotIVe 
• Telephony 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

16-Pin Plastic OIP (SOT-38) -40·C to + 85·C PCF8573PN 

16-Pin Plastic SOL (SOT-l82A) -40·C to + 85·C PCF8573T 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RAnNG UNIT 

Veo Supply voltage range (clock) -0.3 to 8 V 

VSS2 Supply voltage range (12C interface) -0.3 to 8 V 

liN Input current 10 rnA 

lOUT Output current 10 mA 

Po Maximum power dissipation per package 200 mW 

TA Operating ambient temparature range -40 to 85 ·C 

TSTG Storage temperature range -65 to 150 ·C 

February 10, 1987 7·12 

PIN CONFIGURATION 

N, D Packa,," 

EXTPF 

-
TOPY1EW 

00102118 

PIN NO. SYMBOL DE8CII1PTIOH 
1 M -Input 
2 A1 -Input 
3 OOMP CornporaW output 
4 SOA =: :.u:.JI'cbuS 5 SCI. 
6 EXTPF Enable _fail flag Input 

PAN _ fail flag input 

V ... Nogattve supply 2 (12c 
Interface) 

MIN One pulse per minute 
output 

10 SEC Ona pul .. per second 
oulput 

11 FSET 00cII1eIor tuning outpuI 
12 TEST Test Input; must be 

oonnectedtoV ... 
when not In use 

13 O3C1 OacI_lnpui 
14 03C0 0acI11_ InpuVouiput 
15 V .. , Nogattve supply 1 (dock) 
16 voo Common poeItive aupply 

863-1170 87544 
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BLOCK DIAGRAM 

FSET MIN SEC Voo 

9 10 16 

1.SV 

LS 

SDA~+-~'-~~~I 
TIME COUNTER 

SCL 

G LEVEL SHIFTER 

NJ A1 

"""''' 

I 
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Clock/Calendar With Serial I/O PCF8573 

DC ELECTRICAL CHARACTERISTICS VSS2- OV; TA--40 to+85°C, unlees othawise specified. Typical values al 
TA- +25°C. 

LIMITS I UNIT SYMBOL PARAMETER 
Min Typ Max 

Supply 

VOO-VSS2 Supply voltage (12c Interface) 2.5 5 8.0 V 

VOO- VSSI Supply voltage (clock) 1.1 1.5 (Voo-VSS2l V 

Supply currenl VSSI 
-lsSl al Voo-VSS1-1.5V 3 10 tJA 
-ISSl al VOO-VSSI-5V 12 50 tJA 

Supply current VSS2 
al Voo - VSS2 - 5V 

-1SS2 (10 - OmA on all outputs) 50 tJA 
Inpute SCL, SDA, AD, A1, TEST 

VIH Input voltage HIGH 0.7 X Voo V 

VIL Input voltage LOW 0.3 X Voo V 

Input leakage current 
til al VI - VSS2 to Voo 1 tJA 
Inputs EXTPF, PFIN 

VIH- VSSI Input voltage HIGH 0.7 X (Voo-Vssll V 

VIL- VSSI Input voltage LOW 0 0.3 X (VOO - Vssll V 

Input leakage current 
til al VI - VSSI to Voo 1 tJA 

al TA - 25°0, 
til VI - VSSI to Voo 0.1 p.A 

Outputs SEC, MIN, COMP, FSET (nannal buffer outputs) 

Output voltage HIGH 
al Voo - VSS2 - 2.5V; 

VOH -10-0.1mA Voo-0.4 V 
al VOO-VSS2 - 4 to 8V; 

VOH -1o-0.5mA Voo-0.4 V 

Output voltage LOW 
al Voo - VSS2 - 2.5V; 

VOL 10-0.3mA 0.4 V 
al Voo - VSS2 - 4 to 6V; 

VOL 10·1.8mA 0.4 V 

Output SDA (N-Channel open drain) 

Output 'ON': 10 - 3mA 
VOL at Voo - VSS2 - 2.5 to 8V 0.4 V 

Output 'OFF' (leakage current) 
10 al Voo - VSS2 - 8V; Vo - 8V 1 tJA 
Internal Threehold Voltage 

VTHI Power failure detection 1 1.2 1.4 V 

Power 'ON' reset 
VTH2 al VSCL - VSDA - Voo 1.5 2.0 2.5 V 
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Clock/Calendar With Serial I/O PCF8573 

AC ELECTRICAL CHARACTERISTICS VSS2 - OV; T A - -40 to + 85°C. unless otherwise specified. Typical values al 
TA- + 25°C. 

LIMITS 
SYMBOL PARAMETER UNIT 

Min Typ Max 

Rise and Fall TIm .. of Input Slgnale 

lA. IF Input EXTPF 1 lAS 

fA. tF Input PFIN 00 lAS 

Input signals except EXTPF and PFIN 
between VIL and VIH levels 

tR rise time 1 lAS 
tF fall time 0.3 lAS 

Frequency at SCL 

at VOO-VSS2-4 to 6V 
tLOW Pulse width LOW (see Figures 7 and 9 4.7 lAS 

tHIGH Pulse width HIGH (see Figures 7 and 9 4 lAS 

tl Noise suppression time constant at SCL and SDA Input 0.25 1 2.5 lAS 

CIN Input capacllance (SCl, SDA) 7 pF 

Oacillator 

CoUT Integrated oscillator capacllance 40 pF 

AF Oscillator feedback resistance 3 MO 

Oscillator stability for: 
Ll.(Voo - Vssll- 100mV 
at VOO-VSS1-1.55V; 

2 x 10-8 flfosc TA = 25°C 

Quartz crystal paremstars 

Frequency - 32.768 kHz 

As Series resistance 40 kO 

CL Parallel capacllance 9 pF 

Or Trimmer capacitance 5 25 pF 

February 10. 1987 7·15 
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Clock/Calendar With Serial I/O PCF8573 

8O"-I.I-t-I __ +-l ri=====, 
I I I 

SCL i I r· ---,---
WF1_ 

F1gu... 1. Bit Transfer 

Table 1 Cycle Length of the Time Counter 

UNIT NUMBER OF BITS COUNTING CYCLE CARRY FOR FOLLOWING CONTENT OF MONTH COUNTER 
UNIT 

Minutes 7 00 to 59 59 ..... 00 
Hours 6 00 to 23 23 ..... 00 
Days 6 01 to 28 28 ..... 01 I 2 (see note) or 29 .... 1)1 

01 to 30 30 .... 01 4,6,9, 11 
01 to 31 31 ..... 01 I, 3, 5, 7, 8, 10, 12 

Months 5 01 to 12 12 ..... 01 

NOTE: Day counter may be set to 29 by a write transmission with EXECUTE ADDRESS. 

FUNCTIONAL DESCRIPTION Table 2. Power Fall Selection 

Oscillator 
The PCF8573 has an integrated crystal-con
trolled oscillator which provides the time base 
for the prescaler. The frequency is deter
mined by a single 32.768kHz crystal connect
ed between OSCI and oseO. A trimmer is 
connected between OSCI and Veo. 

Prescaler and Time Counter . 
The prescaler provides a 128Hz signal at the 
FSET output for fine adjustment of the crystal 
oscillator wHhout loading it The prescaler 
also generates a pulse once a second to 
advance the seconds counter. The carry of 
the prescaler and the seconds counter are 
available at the outputs SEC and MIN, re
spectively, and are also readable via the 120 
bus. The mark·ta-space ratio of both signals 
Is 1 :1. The time counter is advanced one 
count by the falling edge of output signal MIN. 
A transition from HIGH to LOW of output 
signal SEC triggers MIN to change stete. The 
time counter counts minutes, hours, days and 
months, and provides a full calendar function 
which needs to be corrected once every four 
years. Cycle lengths are shown in Table 1. 

Alarm Register 
The alarm register is a 24-bit memory. It 
stores the time-point for the next setting of 
the status flag COMPo Details of writing and 
reading of the alarm register are included in 
the description of the characteristics of the 
120 bus. 

February 10, 1987 

EXTPF PFIN FUNCTION 

0 0 Powar fail is sensed internally 
0 1 Test mode 
1 0 Power fail is sensed externally 
1 1 No power fail sensed 

NOTE: 
0: connected to VSSI (LOW) 
1: connected to Veo (HIGH) 

Comparator 
The comparator compares the contents of 
the alarm register and the time counter, each 
with a length of 24 bits. When these contents 
are equal, the flag COMP will be set 4ms after 
the failing edge of MIN. This set condition 
occurs once at the beginning of each minute. 
This Information Is latched, but can be 
cleared by an instruction via the 120 bu8. A 
clear instruction may be transmitted immedi
ately after the flag is set, and then it will be 
executed. Flag COMP Information is also 
available at the output COMP. The comparl
scin may be based upon hours and minutes 
only if the Internal flag NODA (no date) Is set. 
Flag NODA can be set and cleared by sepa
rate instructions via the 120 bus, but it is 
undefined until the first set or clear instruction 
has been received. Both COMP and NODA 
flags are nsadable via the 120 bus. 

Power On/Power Fall Detection 
If the voltage Voo - VSSI falls below a certain 
value, the operation of the clock becomes 
undefined. Thus, a warning signal Is required 
to indicate thet faulUess operation of the 

7-16 

clock Is not guaranteed. This Information is 
latched In a flag called POWF (Power Fail) 
and remains latched after restoration of the 
correct supply voltage until a write procedure 
with EXECUTIVE ADDRESS has been re
ceived. The flag POWF can be set by an 
Internally-generated power fall level-discrimi
nator signal for application with (Voo- VSS1) 
greater than VTHIo or by an externally-gener
ated power fall signal for application with 
(Voo - VSS1) less than VTHI. The external 
signal must be applied to the Input PFIN. The 
input stege oparates with signals of any slow 
riss and fall times. Internally-or externally
controlled POWF can be sslected by input 
EXTPF as shown in Table 2. 

The external power fail control operates by 
absence of theVeo - VSS2 supply. Therefore, 
the Input levels applied to PFIN and EXTPF 
must be within the range of Voo - VSSI. A 
LOW level at PFIN indicates a power fail. 
POWF Is readable via the 12C bus. A power
on reset for the 120 bus control is generated 
on-chip when the supply voltage VOO - VSS2 
Is less than VTH2' 
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Interface Level Shifters 
The level shifters adjust the 5V opersting 
voltage (Yoo - VSS2l of the mlcrocontroller to 
the Internal supply voltage (Yoo - Vssll of the 
clock/calender. The oscillator and counter 
are not influenced by the Voo- VSS2 supply 
voltage. If the voltage Voo- VSS2 Is absent 
(ySS2 - Voo) the output signal of the level 
shifter is HIGH because Voo is the common 
node of the VOO-VSS2 and the VOO-VSSI 
supplies. Because the level shifters invert the 
input signal, the internal circuit behaves as If 
a lOW signal is present on the Inputs. FSET, 
SEC, MIN and COMP ere CMOS push-pull 
output steges. The driving capability of these 
outputs is lost when the supply voltege 
Voo - VSS2 - O. 

CHARACTERISTICS OF THE IZC 
BUS 
The 12(: bus is for 2-wsy. 2-1lne communica
tion between different ICs or modules. The 
two Unes ere a serial date line (SOA) and a 
serial clock line (SCl). Both lines must be 
connacted to a positive supply via a pull-up 
resistor when connected to the output steges 
of a device. Data transfer may be initiated 
only when the bus Is not busy. 

Bit Transfer (see Figure 1) 
One data bit is trensferred during each clock 
pulse. The data on the SOA line must remain 
steble during the HIGH period of the clock 
pulse as changes in the data Une at this tima 
will be Interpreted as control signals. 

Start and Stop Conditions 
(see Figure 2) 
Both data and clock lines remain HIGH when 
the bus is not busy. A HIGH-to-lOW transi
tion of the data line while the clock Is HIGH Is 
defined as the stert condition (S). A lOW-to
HIGH trensltion of the data line while the 
clock is HIGH is defined as the stop condition 
(P). 

System Configuration 
(see Figure 3) 
A device genereting a messege is a "trans
mitter", a device receiving a message Is the 
"receiver". The device that controls the mes
sage is the "master" and the devices which 
are controlled by the master are the 
"slavesl '. 

Acknowledge (see Figure 4) 
The number of data bytes trensferred" Ile<--- " 
tween the stert and stop conditions from 
trensmltter to receiver Is not limited. Each 
byte of eight bits is followed by one acknowl
edge bit. The acknowledge bit Is a HIGH level 

Product Specification 
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put on the bus by the transmitter whereas the 
master generates an extra acknowledge-re
lated clock pulse. A slave receiver which is 
addressed must generate an acknowledge 
after the reception of each byte. Also a 
master must generete an acknowledge after 
the recaption of each byte that has been 
clocked out of the slave trensmitter. The 
davIce that acknowledges has to pull down 
the SOA line during the acknowledge clock 
pulse. So that the SOA line is stable lOW 
during the HIGH period of the acknowledge 
related clock pulse, setup and hold times 
must be taken into account. A master receiv
er must signal an end of data to the transmit
ter by not generating an acknowledge on the 
last byte that has been clocked out of the 
slave. In this event, the transmitter must leave 
the data line HIGH to enable the master to 
generate a stop condition (see Figures 11 
and 12). 

Timing Specifications 
Within the 12C bus specifications a high
speed mode and a low-speed mode ere 
dafined. The PCFB573 operates in both 
modes and the timing requirements ere as 
follows: 

High-Speed Mode - Masters generate a 
bus clock with a maximum frequency of 
100kHz. Detailed timing is shown In Figure 5. 

FIgure 2. Definition of Start and Stop Conditions 

~--------~---------1----------~----------~--------~~ 
acL--._----_+----~----~----~------+_--~~----~----._----_+--

........ 
figure 3- System Configuration 
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NOTE: 

SCLFROM 
MASTJR 

START 
CONDITION 

I 

I 
I 
I 

CLOCK PULSE FOR 
ACKNOWLEDGEMENT 

+ 
--~ 

DATA OUTPUT -\! X X-__ -X / 
BYTRANSIIIT1£R ~'-"""/'-_"';'_...I '-___ . . . 

DATA OUTPUT 
BYRECElYER 

SCL 

t>tLOWmln 
t> .... IGHmln 

4.7"" 
4"" 
I;;'\.cwmn 
1;;'0"" 
1;;'25On. 
1<1"" 
1<300 .. 
1;;'1t.owmin 

s 

Figure 4. Acknowledgement on the Ille Bu. 

The minimum time the buB must be free before a now tran'- can start 
S1art condition hold time 
Clock LOW period 
Clock HIGH period 
Start condition BBIup time. only valid for ropoatod start code 
Dala hold time 
Dala BBIup time 
Riso time 01 both the SOA and SCL Iino 
Foil time 01 both the SOA and SCL Rna 
Stop condition oatup time 

1. All the vaJuoa _ to V .. and V,L 1_ with a voltage swing 01 Veo to V .... 

Figure 5. Timing of the High-Speed Mode 
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~ r-\ r:\ r:\ r-, r.\ r.\ r-\ r-, r.\ r.\ ,-
SCL V 1-7 V 8 V • \.....J 1-7 V 8 V • V V 1-7 V 8 V 9 V 

'--____ ---', L....--J L....--J I I l--...J L..--I '---I 

DATA ACK START ADDRESS Rfii ACK STOP 
CONOmON 

WFl ..... 

-. 
~ Iulwnoo. 4.7"" 
~ 4"" The _ line lathe ack.-lodgernant 01 !he receiver 

MIrk·-..- ratio 1:1 (LOW·to-HIGH) 
M ... _01~ un _ 
_ _ 01 _ 81_ by ganaratIon 01 STOP condition 

AcIcnowIodge clock bit mUB1 be provided by !he muter 

Figure 8. Complete Data Transfer In the High-speed Mode 

Low-Speed Mode - Masters generate a 
bus clock with a maximum frequency of 2kHz; 

a minimum LOW period of 105/18 and a 
minimum HIGH period of 365/18. The mark·to-

-. 
IaIJF 
IHo. 1sT. 
\.ow 
IM,OH 
leu. 1sT. 
1H", IoAT 
tau. IoAT 

'" IF 
tau. Ism 

-
ICL 

-

"Only _ for -"'" II8rt code. 

NOTE: 

I> 105"" (tuw;m.) 
1>385"" !IH,OHmIo1l 
130"" <25"" 
390"" <25IJS 
130".:1:25,.-
1>0"" 
1>25Ono 
1<1"" 
1<3OOns 
130",,<25IJS 

space ratio Is 1:3 LOW·to-HIGH. Detailed 
timing is shown in Figure 7. 

1. All the _ .- 10 V'H and V'L levels _ • voIIags swing 01 Voo 10 Vsaa: for definitions ... high..".... mode. 

Figure 7. Timing of the Low-Speed Mode 
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ICL-V-V----III'AIII' 
CONDITION 

-Clock Iulwmn "', ....... Mark-1<><I\l8C8 ratio 
Start byte 
MaxImum numb« or bytes __ or_ 

Acknowledge clock bit 

NO'n: 

srAIII'lIYTE 

\,--....&..C_,::J R/" X \ r 

DUMMY REPEIIrED 
ACKNOWLEDGE III'AIII' 

130,.,±25,., 
390,.,<25,., 
1:3 (LOW·1o-HIGH) 
0000 0001 

CONDITION 

8 
noIailowed 
... 81 be provided by ....-

--\.J\.r\J -ACICNOWLEIICIE SlOP 
CONDmON _ ..... 

1. The general _acteriBIIca and _led opecifIcaIIon or tf10 1"<: buB .... described In a ___ _ 
(aarial _ buaHl In -= iCII for dIg/ISIspIemS In .-. _ and _ squ/pmsnL 

Figure 8. Complete Data Transfer In the Low-8peed Mode 

ADDRESSING 
Before any data is transmltted on the 120 bus, 
the device which should respond Is ad· 
dressed first. The addressing is always done 
with the first byte transmitted after the start 
procedure. 

Slave Address 
The clock/calendar acts as a slave receiver 
or slave transmitter. Therefore, the clock 
signal SCL is only an Input signal, but the data 
signal SDA is a bidirectional line. The clock 
calendar slave address Is shown in Rgure 9. 

The subaddress bits AD and A 1 correspond 
to the two hardware address pins AO and A 1 
which allows the device to have 1 of 4 
different addressas. 

II8B L88 

11111 0 111 0 lAliAOl w i 
,.....,. 

Figure 9. Slave AddrHa 

Clock/calendar READ/WRITE 
Cycle. 
The 120 bus configuration for different clock! 
calendar READ and WRITE cycles is shown 
in Rgures 10 and 11. 

The write cycle is used' to set the time 
counter, the alarm register and the flags. The 
transmission of the clock! calendar address Is 

ACKNOWLEOGE 
F_SLAVE 

ACKNOWLEDGE 
FROM SLAVE 

MODE POINT1!R DATA 

followed by the MODE-POINTER-WORD 
which contains a CONTROL-nibble (Table 3) 
and an ADDRESS-nibble (Table 4). The AD
DRESS-nibble Is valid only if the preceding 
CONTROL-nibble is set to exECUTE AD
DRESS. The third transmitted word contains 
the data to be written into the time counter or 
alarm register. 

ACKNOWLEDGE 
FROM SLAVE 

AUTO INCRE_ 
OF81,80 

-
Figure 10. Muter Transmitter Trenll1'llta to Clock/calender SIeve Receiver 
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Table 3. CONTROL-nibble 

C2 C1 CO FUNCTION 

0 0 0 0 Execute address 
0 0 0 1 Read control/status flags 
0 0 1 0 Reset prescaler, including seconds counter; without carry for minute 

counter 
0 0 1 1 Time adjust, with carry for minute counter 1 

0 1 0 0 Reset NODA flag 
0 1 0 1 Set NODA flag 
0 1 1 0 Reset COMP flag 

NOTE: 
1. If the eeconds counter is below 30 there is no carry. This causes a time adjustment of max. -30 sec. From 

the count 30 there is a carry which adjusll' lha time by max. + 30 sec. 

Product Specification 
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At the end of each data word the address bits 
Bl, BO will be incremented automatically 
provided the preceding CONTROL -nibble is 
set to EXECUTE ADDRESS. There is no 
carry to B2. 

Table 5 shows the placament of the BCD 
upper and lower digits in the DATA byte for 
writing into the addressed part of the time 
counter and alarm register, respectively. 

Acknowledgement response of the clock cal
endar as slave receiver is shown in Table 6. 

Table 4. ADDRESS-nibble Table 5. Placement of BCD Digits In the DATA Byte 

B2 Bl BO ADDRESSED TO: 

0 0 0 0 Time counter hours 
0 0 0 1 Time counter minutes 
0 0 1 0 Time counter days 
0 0 1 1 Time counter months 
0 1 0 0 Alarm register hours 
0 1 0 1 Alarm register minutes 
0 1 1 0 Alarm register days 
0 1 1 1 Alarm register months 

NOTE: 

MSB DATA LSB 

UPPER DIGIT LOWER DIGIT 

UD UC UB UA LD LC LB LA ADDRESSED TO: 

X X D D D 0 D D Hours 
X D D D D D D D Minutes 
X X D D D D D D Days 
X X X D D D D D Months 

NOTE: 
1. Where "X" is tha don't care bH and "0" is the data bH. 

ACKNOWLEDGE 
FROM SLAVE 

t 
ACKNOWLeDGE 
FROM MASTER NO ACKNOWLEDGE(1) 

The master receiVer must signal an end·of·data to the slave transmitter by not generating an acknowledge on 
the lut byte that hes been clocked out 01 tho slave. 

Figure 11. Maeter Transmitter Reads Clock/Calendar After Setting Mode Pointer 
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Clock/Calendar With Serial I/O PcF8573 

........ 
N01E: 
TIle ..- receiver mUll oIgnai on end of data to the .-__ by not generaUng on IICIcnoWIecIge !1ft the 1111 byIo tho! ""' __ GIll of the _ 

Figure 12 ......... Read. ClocklCelendar Immediately After firat Byte 

To read the addresead part of the time digits In the DATA byte are organized as changed until a write to MODe POINTER 
counter and alarm register, plus Information shown In Table 7. condlton occurs. 
from specified control/status flags, the BCD The status of the MODE·POINTER·WORD 

concerning the CONTROL-nlbble remains un-

Table 6. Slave Receiver Acknowledgement 

ACKNOWLEDGE ON BYTE 
MODE POINTER Add .... Mode pointer o.ta 

C2 C1 co B2 81 BO 

0 0 0 0 0 x x x yes yes yes 
0 0 0 0 1 X X X yes no no 
0 0 0 1 X X X X yes yes no 
0 0 1 0 X X X X yes yes no. 
0 0 1 1 X X X X yes yes no 
0 1 0 0 x x x x yes yes no 
0 1 0 1 X X X X yes yes no 
0 1 1 0 X X X X yes yes no 
0 1 1 1 X X X X yes no no 
1 X X X X X X X yes no no 

NOTE: 
1. Where "X" Is the don't care bit. 

Table 7. Organization of the BCD Digits In the DATA Byte 

MSB DATA LSI 

UPPER DIGIT LOWER DIGIT ADDRESSED TO: 

UD UC UI UA LD LC LB LA 

0 0 D D D D D D Hours 
0 D D D D D D D Minutes 
0 0 D D D D D D Days 
0 0 0 D D D D D Months 

0 0 0 . .. NODA COMP POWF Control/status flags 

NOTES: 
1. Where: "0" is the date bit, • - minutes, .. - seconds. 
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Clock/Calendar With Serial I/O 

APPLICATION INFORMATION 

February 10, 1987 

R: PULL-UP _OR 

Vao 

PC1111171 

...... __ -+-Iof-+---1_-_+SV 

R R 

SDA MASTER DEVIC! 
MICROCONTROLU!R 

t •• I-IIIT ITAlIC C_ RAIl 1_++-+ SCL 

AI R3 

~ 
DETECTION CIRCUIT 

WITH VIRY HIGH -

v .. 

R .. : RESISTOR FOR 
PE_ CHARGING 

DLENt 

PCE2tt1 
14 LCD 

SEGMENT DRIVER 

""'"",. 
FIgure 13. Application Example of the PCF8573 Clock/calendar 

+"o-~-1-'-~~~-~--'-----~--' 

R R 

t--r----------.--t-----------~_t--.SDA 
~~-I_----1_~-I_----1__+-+_~SCL 

8CL IDA Vao 

MAStER -CONTROU!R 

TeU.f' 

figure 14. Appllcetlon Example of the PCF8573 WIth Common VSSt and VSS2 Supply 
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PCF8574 Signeties 
> • ,.".' ' 

8-Bit Remote I/O Expander 

Linear Products 

DESCRIPTION 
The PCF8574 is a single-chip silicon 
gate CMOS circuit. It provides remote 
I/O expansion for the MAB8400 and 
PCF8500 microcomputer families via the 
two-line serial bidirectional bus (l2C). It 
can also interface microcomputers with. 
out a serial interface to the 12c bus (as a 
slave function only). The device consists 
of an 8·bit quasi·bidirectional port and an 
12C interface. 

The PCF8574 has low current consump
tion and includes latched outputs with 
high current drive capability for directly 
driving LEOs. It also possesses an inter
rupt line (INT) which is connected to the 
interrupt logic of the microcomputer on 
the 12C bus. By sending an interrupt 
signal on this line, the remote 1/0 can 
inform the microcomputer if there is 
incoming data on its ports without having 
to communicate via the 12C bus. This 
means that the PCF8574 can remain a 
simple slave device. 

ORDERING INFORMATION 

Product Specification 

FEATURES· 
• Operating supply voltage: 2.5Y to 

6Y. 
• Low standby current 

consumption: max. 10~ 
• Bidirectional expander 
• Open-draln Interrupt output 
.8-blt remote 1/0 port. for the 12(: 

bus . 

• Peripheral for the MAB8400 and 
PCF8500 microcomputer families 

• Latched outputs with high 
current drive capability for 
directly driving LEOs 

• .Addre88 by 3 hardware addreaa 
pins for use of up to 8 devices 
(up to 16 p088lble with mask 
option) 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

l6-Pin Plastic DIP (SOT·38) -4O·C to + 85·C PCF8574PN 

16-Pin Plastic SO package 
-4O·C to +85·C PCF8574TD 

(S016L; SOT-162A) 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Voo Supply voltage range -0.5 to +7 V 

VI Input voltage range.(any pin) 
Vss-0.5 to 

V 
Voo+ 0.5 

til DC current into any Input 20 mA 

tlo DC current into any output 25 rnA 

±Ioo; Iss Voo or V ss current 100 rnA 

Pwr Total power dissipation 400 mW 

Po Power dissipation per output 100 mW 

TSTG Storage temperature range -65 to +150 ·C 

TA Operating ambient temperature range -40 to +85 ·C 

December 2, 1986 7-24 

PIN CONFIGURATION 

N, D Packs" .. 

NJ VDD 

A1 IDA 

AI SCI. 

iNf 
PI P7 

PI PI 

PI PI 

v. .... 
10PVlEW ......... 

PIN NO. SYMBOL DESCRIPI'ION 

1 

~} 2 
__ """,Is 

3 AI· 
4 

~} 6 8-b~ quasI-_1 
6. P2 110 porI8 
7 P3 
B V .. 
8 

P4} 10 P5 8-bltquasl_" 
11 PS 110 porI8 
12 P7 
13 IJiIT Interrupt 0U1pUt 
14 SCI. SerIal clock Ilna 
16 SDA SerIal dais Ina 
18 Veo -supply 

853-1037 86701 
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8-Blt Remote I/O Expander 

BLOCK DIAGRAM 

iWo-~------------~ 

Mo-~--------------~ 
Mo-~----------------, 

All o-~--------~----..., 

8CL ~-r.=--' 
SIIA <>-tT~:.J 

VDD o-~-------t 

v .. 

WMMftWEo-r-------------r-~~I~r-----~----~----VDD 

SHIFTa::a: 0-+---'" 

PO 

PI 

P2 

P3 

P4 

PI 

PI 

FT 

t-..... ---..... -oP01OFT -= 0-+--------+ '---t------- V .. 

_10 o----------------------l.....:===lD--------. :::mRUFT 
8HIFTRECI_ 

Figura 1. SlmplHled SChematic Diagram Of Each pon 
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8-Bit Remote I/O Expander PCF8574 

DC ELECTRICAL CHARACTERISTICS Voo = 2.5 to 6V; Vss = OV; T A - -40°C to + 85PC, unless otherwise specffied. 

LIMITS 
SYMBOL PARAMETER UNIT 

Min Typ Max 

SUpply (Pin 16) 

Voo Supply voltage 2.5 6 V 

Supply current at Voo = 6V; no load, inputs at Voo, Vss 
100 operating 100 pA 

1000 standby 10 pA 

VREF Power-on reset voltaga level1 1.3 2.4 V 

Input SCL; Input/output SDA (Pins 14; 15) 

VIL Input voltaga LOW -0.5V 0.3Voo V 

VIH Input voltage HIGH O·7Voo Voo + 0.5 V 

IOL Output current LOW at VOL = 0.4V 3 mA 

IILII Input/output leakage current 100 nA 

fSCL Clock frequency (See Figure 6) 100 kHz 

ts Tolerable spike width at SCL and SOA input 100 ns 

CI Input capacitance (SCL, SOA) at VI = Vss 7 pF 

I/O porte (Pins 4 to 7; 9 to 12) 

VIL Input voltage LOW -0.5V 0.3Voo V 

VIH Input voltaga HIGH 0.7Voo Voo+ 0.5V V 

±IIHL 
Maximum allowed input current through protection diode at 

400 pA 
VI >Voo or ';;;Vss 

IOL Output current LOW at VOL = W; Voo - 2.5V 5 mA 

-IOH Output current HIGH at VOH - Vss (current source only) 30 100 300 pA 

-IOHt 
Transient pull-up current HIGH during acknowledge 

0.5 mA 
(see Figure 14) at VOH - Vss 

CliO Input! output capacitance 10 pF 

Port timing: CL';;; 100pF (see FIgures 10 and 11) 

Ipv OUtput data valid 4 118 

Ips Input data setup 0 118 

tpH Input data hold 4 118 

Interrupt IRT (Pin 13) 

IOL Output current LOW at VOL - 0.4V 1.6 mA 

boHI Output current HIGH at VOH - Voo 100 nA 

IRf timing: CL';;; 100pF (see F"l\lure 11) 

tlV Input data valid 4 118 
tlR Reset delay 4 118 

Select Inputs AO, A1, A2 (Pins 1 to 3) 

VIH Input voltage LOW -0.5V 0.3Voo V 

VIH Input voltage HIGH O·7VDO Voo+ 0.5V V 

hLI Input leakage current at VI- VDO or Vss 100 nA 

NOTE: 
1. The power-on reset circu~ resets the 12(; bus logic with Voc < VREF and sets all ports to logic 1 gnput mode with current source to Vocl. 
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8-Bit Remote I/O Expander PCF8574 

CHARACTERISTICS OF THE 12c 
BUS 
The 12C bus is for 2-way, 2-1ioo communica
tion between different ICs or modules. The 
two lines are a serial data line (SDA) and a 

SOL 

Start and Stop Conditions 
Both data and clock lines remain HIGH when 
the bus is not busy. A HIGH-to-lOW trans!-

serial clock line (SCl). Both lines must be 
connected to a positive supply via a pull-up 
resistor when connected to the output stages 
of a device. Data transfer may be initiated 
only when the bus is not busy. 

DllrAUNE 
srAlLE: 

DllrAVAUD 

I CHANGE I 
I OFDATA I 
I AWlWED I 

Figure 2. Bit Transfer 

tion of the data line while the clock is HIGH is 
defined as the start condition (S). A lOW-to
HIGH transition of the data line while the 

Bit Transfer 
One data bit is transferred during each clock 
pulse. The data on the SDA line must remain 
stable during the HIGH period of the clock 
pulse, as changes in the data line at this time 
will be interpreted as control signals. 

clock is HIGH is defined as the stop condition 
(Pl· 

~-.., r-;:J..-..t 
SDA.......? I \'"+I __ ....LI ____ ~:~: ____ \...l... ____ ~11 I ~ SDA 

I I I I 
,------+I--~I--~ ''-_....J/ I p I I~ SOL 

L_.J 
SOL 

SfARTCONDmoN SlOP CONDIllON 

FIgure 3. DefInition of Start and Stop Conditions 

System Configuration "receiver". The device that controls the mes
sage is the "master" and the devices which 

are controlled by the master are the 
"slaves". A device generating a message is a "trans

mitter": a device receiving a message is the 

SDA----~------__ ~------~------~--------+_-
SCL--~-+----~--r-----~~----~~~--~~+--

Figure 4. Syatem Configuration 

December 2, 1986 7-27 

I 



Signatlcs Unear Products Product Specification 

8-Bit Remote I/O Expander PCF8574 

Acknowledge 
The number of data bytes transferred be
tween the start and stop conditions from 
transmitter to receiver Is not limited. Each 
byte of eight bits is followed by one acknowl· 
edge bit. The acknowledge bit is a HIGH level 
put on the bus by the transmitter wherees the 
master generates an extra acknowledge ra-

lated clock pulse. A slave receiver which is during the HIGH period of the acknowledge. 
addressed must generate an acknowledge Related clock pulse, setup and hold times 
after the reception of each byte. Also, a must be takan ir1Io account. A master receIv· 
master must generete an acknowledge after, er must signal an end of data to the transmit· 
the reception of each byte that hes been ter by not generating an acknowledge on the 
clocked out of the slave transmitter. The last byte that has been clocked out of the 
device that acknowledges has to pull down slave. In this event the transmitter must leave 
the SDA line during the acknowledge clock the data line HIGH to enable the mastar to 
pulse, so that the SDA line is stable LOW generate a stOp condition. 

S1MI" 
CONDITION 

CLOCK PULSE RIll 
ACKNOWLEDGEM!NT 

I 
SCLFROM 

MASrEII I 
I 
I 

B'f~~'--L-/ -"X __ O 7 
IIAllUIUlPIIT 
B'fRECBVER 

s 

Timing Specifications 
Within the 12C bus specHications a high· 
speed mode a"nd a Iow-speed mode are 
defined. The PCF8574 operates in both 
modes and the timing requirements are as 
follows: 

High-Speed Mode 
Masters generate a bus clock with a maxi
mum frequency of 100kHz. Detailed timing is 
shown in Figure 8. 

December 2, 1988 

FIgure 5. Acknowledgement on the 12(: BUll 

8CL 

NOTE: 

I .. \ulw .... 
I .. !HI ...... 
4.7,.. 
4,.. 
I .. tu>w.... 
1 .. 0,.. 
1>25Ono 
1<1,.. 
t<300nB 
I>tu>w.... 

The minimum time the bus must be free before a new tranlmlaaion can start 
Start concIIion hold time 
Clock LOW period 
Clock HIGH period 
Start condition set-up time; only valid for ,.peated swt code 
Data hold lime 
Data oetup time 
Ri .. time of boIh tile SOA and SOL Nne 
Fall time of boIh the SOA and SCL lne 
Slop condition setup time 

All the vaIuea refer to V,H and VIL _ with • voltage swing of V .. to Voo. 

Figure 6. TIming of the High-Speed Mode 
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8-Bit Remote I/O Expander 

""'\ r---, r-rr---y--v---:-"\ r---~ r 
SDA U LJ .. __ J L __ .J\....J .. __ i LL __ J \. ___ ll-J 

--...- --- --- -.-- ------- -...- -...- -..---..--
Sf ART ADDRESS R/Vi ACK DATA ACK S1lUIT ADDRESS R/Vi ACK SlOP 

CONDmON CONDmON 

Where: 
Clock tWWmin 4.71lS 

tHIGHmin 41lS 
The dashed line is the acknowledgement of the receiver 
Marl<-Io-space ratio 1:1 (lOW-to-HIGH) 
Maximum number of bytes Unrestricted 
Premature termination of transfer Allowed by generation of STOP condition 
Acknowledge dock bit Must be provided by the master 

Figure 7_ Complete Data Transfer In the High-Speed Mode 

Low-Speed Mode 
Masters generate a bus clock with a maxi
mum frequency of 2kHz; a minimum LOW 
period of 105/lS and a minimum HIGH period 
of 365/lS. The mark-la-space ralio is 1:3 
LOW-Io-HIGH. Delailed timing is shown in 
Figure 8. 

SDA 

8CL 

BOA 

NOTES: 

t;> 1051lS (tLOWmln) 
t:> 365#tS (tHIGHminl 
130,... 25,.. 
390,... 25,.. 
130,..± 25,.." 
1 .. 0,.. 
1 .. 250n8 
1<1,.. 
t<aOOns 
130ps± 25#lS 

PCF8574 

All the values refer to VIH and VIL levels with a voltage swing of Vss to VOD. For definitions see high-speed 
mode. 
* Only valid for repeated start code. 

Figure 8. Timing of the Low-5peed Mode 
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\'----'-c_::J RIW X \ r 
.--v-v-v-

--- ----------------------~-------SI'ART 
CONDITION 

Whore: 

CIooI< Iulw"" 
ttilGHmln 

Mark-to_ ratio 
Start byte 
Maximum number of bytes 
Premature tonnlnatlon of transfer 
Acknowledge clock bit 

Sl'ARTIYTE 

130,... 25,.. 
390,...26,.. 
1 : 3 (LOW·to·HIGH) 
0000 0001 
8 
not allowed 

DUMMY REPEATED 
ACKNOWLEDGE SI'ART 

CONDITION 

must be pnwided by ...-

_&as 

Figure 9. Complete Data Transfer In the Low-Spaed Mode 

FUNCTIONAL DESCRIPTION 
Addressing (See Figures 10 
and 11) 
Each bit of the PCF8574 1/0 port can be 
independently used as an input or an output. 

SDAS 0100 A2 Al AD 

WR1TE SI'ART CONDmON 

Input data is transferred from the port to the 
microcomputer by the READ mode. Output 
data Is transmitted to the port by the WRITE 
mode. 

~-------------------+------------------~ 

-__ E SlOP 

CONDI11ON 

........ 

~~----------------------~--------------------~~------~~~-IWWO~------~~r~2 
FROM PORT VALID 

SDA 

READFROII 
PORT 

DATAINlO 
PORT 

NOTE: 

S 0 

srk 
CONIIII'ION 

~ 

-11 
H-tnr 

SLAVEADDREas 

1 0 o A2 Al 

~1 

Ipy 

Figure 10. WRITE Mode (Output Port) 

~FROMPORT DATA fROM PORT 

AD 1 AJ ~1 A ~4 1 P 

Rlw LACKNOWLEDGE LACKNOWLEDGE tnhp rt FROM SLAVE 
FROM IIASIER n CON DmON 

~2X ~ X DATU 

Ii ~ Ft'"1 I 

I H~R H~R 

A LOW·to-HIGH transition of SDA while SOL ia HIGH is defined .. !he stop concIIIon (p). Trenster 01 daIa can be stopped at any momsnl by a atop condillon. When this occura. daIa 
prooenI at !he lest acknowledge phase 10 .aDd (ouipul modo). Input daIa 10 lost. 

Figure 11. READ Mode (Input Port) 
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8-Bit Remote I/O Expander 

Interrupt (See Figures 12 and 
13) 
The PCF8574 provides an open-drain output 
(Jiiif) which can be fed to a corresponding 
Input of the microcomputer. This gives these 
chips a type of master function which can 
initiate an action elsewhere In the system. 

An Interrupt Is generated by any rising or 
failing edge of the port inputs in the input 
mode. After time iJv the signal TIiiT is valid. 

Product Speclflcal10n 

PCF8574 

Resetting and reactivating the Interrupt circuit 
is achieved when data on the port Is changed 
to the original se11ing or data is read from or 
written to the port which has generated the 
interrupt. Rese11ing occurs as follows: 

F1gUnt 12. Application ot Multiple PCF8574a WHh Interrupt 

SLAVE ADDRESS DATA FROM PORT . • In the READ mode at the acknowledge 
bit after the rising edge of the SCL 
signal. 

s 0 1 0 0 ~ ~ M 1 A 1 1 P 

• In the WRITE mode at the acknowledge 
bit after the HIGH-lo-LOW transition of 
the SCL signal. 

srART CONDITION Rlw L ACKNOWI.EI)QE~OM SLAVE 
sropJ 

CONDITION 

Each change of the ports after the resettings 
will be detected and after the next rising clock 
edge. will be transmitted as TIiiT. 

¥.IF1881OS 
Reading from or writing to another device 
does not affect the interrupt circuit. F1gUnt 13. Interrupt Generated by a Change ot Input to Port P5 

Quasi-Bidirectional 1/0 Ports 
(See Figure 14) 
A quasi-bidirectional port can be used as an 
input or output without the use of a control 

SLAVEADORESS 

signal for data direction. The bit designated 
as an input must first be loaded with a logic 1. 
In this mode only a current source to Voo is 
active. An additional strong pull-up to Voo 
allows fast rising edges into heavily loaded 

DATAlOPORT 

SDAS 010 0A2A1AOO A A 

SCL 

P3 
OUTPUT 

t L ACKNOWlEDGE 
Sl'ARTCONDITtDN R/W FROM SLAVE P3 

WU~E------------------------------------------------------~ 
P3 

PULl-UP 

c~---------------------------------------------~~ 

outputs. These devices tum on when an 
output changes from LOW-to-HIGH. and are 
switched off by the negative edge of SCL. 
SCL should not remain HIGH when a short
circuit to Vss is allowed (input mode). 

DATAlOPORT 

A P 

P3 

F1gUnt 14. Transient Pull-Up Current IOHi While P3 Changes From LOW-Io-HIGH and Back to LOW 
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DESCRIPTION 
Both the 556 and 556-1 Dual Monolithic 
timing circuits are highly stable control
lers capable of producing accurate time 
delays or oscillation. The 556 and 556-1 
are a dual 555. Timing is provided by an 
external resistor and capacitor for each 
timing function. The two timers operate 
independently of each other, sharing 
only Vee and ground. The circuits may 
be triggered and reset on falling wave
forms. The output structures may sink or 
source 200mA. 

BLOCK DIAGRAM 

NE/SA/SE556/NE/SA/ 
SE556-1/SE556-1C 
Dual Timer 
Product Specification 

FEATURES 
• Turn-off time less than 21JS 

(556-1, 1C) 
• Maximum operating frequency 

> 500kHz (556-1, 1C) 
• Timing from microseconds to 

hours 
• Replaces two 555 timers 
• Operates In both astable and 

monostable modes 
• High output current 
• Adjustable duty cycle 
• TTL compatible 
• Temperature stability 

of O.0050/0rC 
• SE556-1 compliant to MIL-8TD or 

JAN available from Signetics' 
Military Division 

APPLICATIONS 
• Precision timing 
• Sequential timing 
• Pulse shaping 
• Pulse generator 
• Missing pulse detector 

PIN CONFIGURATION 

D, F, N Packages 

DISCHARGE 1 

THRESHOLD 2 

CONTROL 
VOLTAGE 

RESET 4 

TRIGGER 6 

TOP VIEW 

• Tone burst generator 
• Pulse width modulation 
• Time delay generator 
• Frequency division 
• Industrial controls 
• Pulse position modulation 
• Appliance timing· 
• Traffic light control 
• Touch-Tone@encoder 

.------------------r----------------~~C 

DISCHARGE \---------------.., 

THRESHOLD 

CONTROL VOLTAGE 

RESET I-+---~ 

OUTPUT I--t--....I 

TRIGGER 

.----------------1 DISCHARGE 

THRESHOLD 

CONTROL VOLTAGE 

r----+......j RESET 

L.... __ -+......j OUTPUT 

TRIGGER 

GROUNDL-----------------~----------------~ 

@Touch-Tone is a registered trademark of AT&T 
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Dual Timer NE/SA/SE556/NE/SA/SE556-1/SE556-1C 

EQUIVALENT SCHEMATIC (Shown for one circuit only) 

OUTPUT 

TC08111S 

ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

14·Pin Plastic SO o to +70·C NE556D 

14·Pin Cerdip o to +70·C NE556F 

14·Pin Plastic DIP o to +70·C NE556N 

14·Pin Cerdip o to +70·C NE556-1F 

14·Pin Plastic DIP o to +70·C NE556·1N 

14-Pin Plastic DIP -40·C to + 85·C SA556N 

14·Pin Cerdip -40·C to + 85·C SA556-1F 

14·Pin Plastic DIP -40·C to + 85·C SA556-1N 

14-Pin Cerdip -55·C to + 125·C SE556F I 
14-Pin Plastic DIP -55·C to + 125·C SE556N 

14·Pin Plastic DIP -55·C to + 125·C SE556CN 

14·Pin Cerdip -55·C to +125·C SE556-1F 

14-Pin Plastic DIP -55·C to + 125·C SE556-1N 

14·Pin Cerdip - 55·C to + 125·C SE556·1CF 

14-Pin Plastic DIP - 55·C to + 125·C SE556-1CN 
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Dual Timer NE/SA/SE556/NE/SA/SE556-1/SE556-1C 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Vee Supply voltage 
NE/SA556, 556-1, SE556C, 

+16 V 
SE556-1C 

SE556-1, SE556 +18 V 

Po Maximum allowable power dissipation 1 800 mW 

TA Operating temperature range 
NE556-1, NE556 o to +70 'c 
SA556-1, SA556 -40 to +85 'c 
SE556-1, SE556-1C, SE556, SE556C -55 to +125 'c 

TSTG Storage temperature range -65 to +150 'c 
TSOLD Lead soldering temperature (1 Osee max) +300 'c 

NOTE: 
1. The junction temperature must be kept below 125'C for the D package and below 150'C for the 

N and F packages. At ambient temparatures above 25'C, where this limit would be exceeded, the 
Maximum Allowable Power Dissipation must be derated by the followtng: 

D package 115 'C/W 
N package 80 'C/W 
F package 100 'C/W 

ELECTRICAL CHARACTERISTICS TA - 25'C, Vee - + 5V to + 15V, unless otherwise specified. 

SE556/556-1 NE/SA556/SE556C 

SYMBOL PARAMETER TEST CONDITIONS NE556-1/SE556-1C 

Min Typ Max Min Typ Max 

Vee Supply voltage 4.5 18 4.5 16 

Icc Supply current (low state) 1 Vee = 5V, RL = 00 6 10 6 12 
Vee = 15V, RL=oo 20 24 20 30 

Timing error (monostable) RA a 2kO to 100kO 
Initial accuracy2 C - O.Ij.lF 0.5 0.75 3.0 
Drift with temperature T=I.1 RC 30 100 50 150 
Drift with supply voltage 0.05 0.2 0.1 0.5 

Timing error (astable) RA, Rs = lkO to 
100kO 

Initial accuracy2 C-O.j.lF 4 6 5 13 
Drift with temperature Vee = 15V 400 500 400 500 
Drift with supply voltage 0.15 0.6 0.3 1 

Control voltage level Vee· 15V 9.6 10.0 10.4 9.0 10.0 11.0 
Vee=5V 2.9 3.33 3.8 2.8 3.33 4.0 

Threshold voltage Vee· 15V 9.4 10.0 10.6 8.8 10.0 11.2 
Vee=5V 2.7 3.33 4.0 2.4 3.33 4.2 

Threshold current! 30 250 30 250 

Trigger voltage Vee = 15V 4.8 5.0 5.2 4.5 5.0 5.6 
Vee=5V 1.45 1.67 1.9 1.1 1.87 2.2 

Trigger current VTRIG-OV 0.5 0.9 0.5 2.0 

Reset voltageS 0.3 0.7 1.0 0.3 0.7 1.0 
Reset current 0.1 0.4 0.1 0.6 
Reset current VRESET= OV 0.4 1.0 0.4 1.5 

Vee = 15V 
VOL Output voltage (low) ISINK-l0mA 0.1 0.15 0.1 0.25 

ISINK=50mA 0.4 0.5 0.4 0.75 

SE556 2.0 2.25 
SE556-1 ISINK = loomA 0.8 1.2 
NE/SA556/SE556C 2.0 3.2 
NE556-1/SE556-1C 2.0 2.5 
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Signetics Unear Products Product Specification 

Dual Timer NE/SA/SE556/NE/SA/SE556-1/SE556-1C 

ELECTRICAL CHARACTERISTICS (Continued) TA ~ 25°C, Vee - + 5V to + 15V, unless otherwise specified. 

SE556/556-1 NE/SA556/SE556C 

SYMBOL PARAMETER TEST CONDITIONS NE556-1/SE556-1C UNIT 

Min Typ Max Min Typ Max 

ISINK - 200mA 2.5 2.5 V 
Vee=5V 
ISINK-8mA 0.1 0.2 0.25 0.3 V 
ISINK-5mA 0.05 0.15 0.15 0.25 V 

Vee -15V 
ISOURCE - 200mA 12.5 12.5 V 

VOH Output voltage (high) ISOURCE = 100mA 13.0 13.3 12.75 13.3 V 
Vee- 5V 
ISOURCE - l00mA 3.0 3.3 2.75 3.3 V 

toFF 
Tum·off times VRESET~Vee 0.5 2.0 0.5 IlS NE556-1/SE556-1/SE556·1 C 

IA Rise time of output 100 200 100 300 ns 

IF Fall time of output 100 200 100 300 ns 

Discharge leakage current 20 100 20 100 nA 

Matching characterlstlcs4 

Initial accuracy2 0.5 1.0 1.0 2.0 % 
Drift with temperature 10 ±10 ppmfOC 
Drift with supply voltage 0.1 0.2 0.2 0.5 %IV 

NOTU: 
1. Supply current when output is high Is typically 1.0mA less. 
2. Teeled al Vex; - SV and Vex; - ISV. 
3. This will determine maximum value of R ... + Rs. For ISV operation, the max total R - 10Mn, and for SV operation, the maximum total R - 3.4Mn. 
4. Matching _sties rafer to the difference between performance characteristics for each timer section in the monostable mode. 
5. SpecIfied with trigger input high. 
6. TIme measured from a posiliva-going Input pulse from 0 to 0.4 Vex; into the threshold to the drop from. high to low of the output. Trigger is tied to 

threshold. 
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Dual Timer 

TYPICAL APPLICATIONS 
One feature of the dual timer is that by 
utilizing both halves it is possible to obtain 
sequential timing. By connecting the output of 

Vee 

Product Specification 

NE/SA/SE556/NE/SA/SE556-1/SE556-1C 

the first half to the input of the second half via 
a 0.001 p.F coupling capacitor sequential tim
Ing may be obtained. Delay t, Is determined 
by the first half and t2 by the second half 
delay. 

Vee vee Vcc 

AI H2 

The first half of the timer is started.' by 
momentarily connecting Pin 6 to ground. 
When It is limed out (determined by 1.1R,C,) 
the second half begins. Its duration Is deter
mined by 1.1R~2' 

Vee 

10K ,_ 130K 10K 

• 10 I. 

t2 

. C2 
t3 * 5O,F 

Ii&6 

I e, 
.001 

5 OUTPUT I 
.001 

":" 1,.F 

INPUT o---i 9 OUTPUT 2 

"""",s 
NOTE: 
All resistor values are in n 

SequenUaI Timer 
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Dual Timer NE/SA/SE556/NE/SA/SE556-1/SE556-1 C 

TYPICAL PERFORMANCE CHARACTERISTICS 
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Linear Products 

DESCRIPTION 
The 558 Quad Timers are monolithic 
timing devices which can be used to 
produce four independent timing func
tions. The 558 output sinks current. 
These highly stable, general purpose 
controllers can be used in a monostable 
mode to produce accurate time delays; 
from microseconds to hours. In the time 
delay mode of operation, the time is 
precisely controlled by one external re
sistor and one capacitor. A stable opera
tion can be achieved by using two of the 
four timer sections. 

The four timer sections in the 558 are 
edge~triggered; therefore, when con
nected in tandem for sequential timing 
applications, no coupling .capacitors are 
required. Output 1:Urrent capability of 
100mA is provided in both devices. 

FEATURES 
• 100mA output current per section 
• Edge-triggered (no coupling 
. capacitor) 

• Output Independent of trigger 
conditions 

• Wide supply voltage range 4.SV 
to 18V 

• Timer Intervals from 
miCroseconds to hours 

• nme period equals Re 
• Military qualifications pending 

APPLICATIONS 
• Sequential· timing 
• nme delay generation 
• PreCision timing 
• Industrial controls 
• Quad one-ahot 

November 14, 1986 

NEjSAjSE558 
Quad Timer 
Product Specification 

PIN CONFIGURATION 

=-~ ltl---_o 

TOPYIEW 

NO1£: 
,. SOL reloaoad In '- SO peckIge only. 

ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE 

16-Pin Plastic SOL o to+ 70·0 

16-Pin Cerdlp o to + 70·0 

16-Pin Plastic OIP o to +70·0 

16-Pin Cerdip -40·0 to + 65·0 

16-Pin Plastic OIP -40·0 to + 85·0 

l6-Pin Cerdip -55·0 to + 125·0 

l6-Pln Plastic DIP -55·0 to + 125·0 

7·38 

CD111408 

ORDER CODE 

NE5580 

NE558F 

NE5seN 

~ 

SA558N 

SE558F 

SE558N 

863-0160 88567 
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Quad Timer 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Vee Supply voltage 
NE/SA558 
SE558 

Po 
Maximum power dissipation 
T A - 25·C ambient (stili-air) 1 

F package 
N package 
D package 

TA Operating amblent temperature range 
NE558 
SA558 
SE558 

TSTa Storage temperature range 

TSOLD Lead soldering temperature (10sec max) 

NOTE: 
1. Derate above 2S·C, at the following rates: 

F package at 9.SmWrC 
N package at 11.BmW/·C 
D package at 8.7mW/·C 

Product Specification 

NE/SA/SE558 

RATING UNIT 

+16 V 
+18 V 

1190 mW 
1450 mW 
1090 mW 

o to +70 ·C 
-40 to +85 ·C 
-55 to +125 ·C 

-65 to +150 ·C 

+300 ·C 

DC AND AC ELECTRICAL CHARACTERISTICS T A - 25·C, Vee = + 5V to + 15V, unless otherwise specified. 

SE558 NE/SA558 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Vee Supply voltage 4.5 18 4.5 16 V 

lee Supply current Vee = Reset = 15V 16 32 16 36 rnA 

TIming accuracy (t - RC) R = 2kn to lOOkn, 
C= lpF 

Initial accuracy ±1.0 3 ±2 5 % 

Drift with temperature 30 100 30 150 ppml"C 

Drift with supply voltage 0.1 0.9 0.1 0.9 %IV 

Trigger voltage 1 Vee = 15V 0.8 2.4 0.8 2.4 V 

Trigger current Trigger-OV 5 30 5 100 jJA 

Reset voltagr 0.8 2.4 0.8 2.4 V 

Reset current Reset 50 300 50 500 jJA 

Threshold voltage 0.83 0.63 X Vee 

Threshold leakage 15 15 nA 

VOUT Output voltage3 IL= lOrnA 0.1 0.2 0.1 0.4 V 
IL = 100mA 0.7 1.5 1.0 2.0 V 

OUtput leakage 10 500 10 500 nA 

tpo Propagation delay 1.0 1.0 /.IS 

IR Rise time of output IL = lOOmA 100 100 ns 

IF Fall time of output IL -1oornA 100 100 ns 

NOTES: 
1. The trigger functions only on the failing edge of the trigger pulee only after previously being high. After reset, the trigger must be brought high and 

then low to implement triggering. 
2. For reset below O.8V, outputs sat low and trigger inhibited. For reeel above 2.4V, trigger enabled. 
3. The 558 output structure is open-collector which requires a pull-up resistor 10 Vee to sink current. The output is normally low sinking current. 
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Quad Timer NE/SA/SE558 

558 EQUIVALENT CIRCUIT 

TIMING 

VCOHTAOL 0-+-1--+--' 
'K----<> TRIGGER 

OUT 

GNO 

Vcco-~~------~--~------~~------~-, TRIGGERlI 

OUTPUT~~ ... _' ______ _ 

T 

TRIGGER t--~<1 OUTPUT 4 
=~-., :bd- · "'I V.TO~UTPI!==T~t=
OUTPUT 4 

.... """ 
FI\Jure 1. Lon\J-Tlme Delay 
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Quad Timer 

Novamber 14. 19ee 

START 

RUET 

OJ 

START 

R"~o---+-~~------~------~~----~ 

10K 

a. Ring Counter 

Lf1..fI ______ IL 

b. Expected Waveforms 

Figure 2 
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INTRODUCTION 
The 558 is a monolithic Quad Timer designed 
to be used In the timing range from a few 
microseconds to a few hours. Four entirely 
Independent timing functions can be 
achieved using a timing resistor am;1 capacitor 
for each section. Two sections of the quad 
may be interconnected for astable operation. 
All four sections may be used together. In 
tandem. for sequential timing applications up 
to several hours. No coupling capacitors are 
required when connecting the output of one 
timer section to the Input of the next. 

FEATURES 
• 100mA output cunrent per section 
• Edge-triggered (no coupling 

capacitor) 

• Output Independent of trigger 
conditions 

• Wide 8IIPPty voltage range 4.5V to 
18V 

• TImer Intervala from mtcroseconds to 
houra 

• TIme period equala RC 

CIRCUIT OPERATIONS 
In the one·shot mode of operation. it Is 
necessary to supply a minimum of two exter
nal componenta (the resistor and capacitor) 
for timing. The time period is equal to the 
product of R and C. An output load must be 
present to complete the circuit due to the 
output structure of the 558. 

For astable operation. it Is desirable to cross
couple two devloes from the 558 Quad. The 
outputs are direct-coupled to the opposite 
trigger Input The duty cycle can be set by the 
ratio of R1C1 to RaGa. from close to zero to 
almost 100%. An astable circuit using one 
timer 18 shown In Figure 5b. 

February 1987 

AN171 
NE558 Applications 
AppIlclltJon Note 

OUTPUT STRUCTURE 558 
The 558 structure Is open-collector which 
rsquires a pull-up resistor to Vee and is 
capable of sinking 100mA per unit, but not to 
exceed the power dissipation and junction 
temperature rating of the die and package. 
The output is notmally low and is switched 
high when triggered. 

RESET 
A reset function has been made available to 
reset all sections simultaneously to an output 
low state. During reset the trigger is disabled. 
After reset is finished. the trigger voltage 
must be takan high and lI1en low to Impl&
ment triggering. 

The reset voltage must be brought below 
O.8V to insure reset. 

THE CONTROL VOLTAGE 
The control voltage Is also made available on 
the 558 timer. This allows the threshold 

, 

voltage to be modulated. therefore controlling 
the output pulse width and duty cycle with an 
external control voltage. The range of this 
control voltage Is from about O.5V to Vee 
minus 1V. This will give a cycle time varietion 
of about 50:1. In a sequential timer with 
voltag&-controlled cycle time. the timing perl
ods remain proportional over the adjustment 
range. 

TEST BOARD FOR 558 
The circuit layout can be used to test and 
characterize the 558 timer. ~ is used to 
connect the loads to either Vee or ground. 
The main precaution. in layout of the 558 
circuit. Is the path of the discharge current 
from the timing capacitor to ground (Pin 12). 
The path must be direct to Pin 12 and not on 
the ground bus. This is to prevent voltage 
spikes on the ground bus retum due to 
current switching transient It Is also wise to 
use good power supply bypassing when large 
currents are being switched. 

figura 1_ 558 Test CIrcuit 
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NESS8 Applications 
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INPUTS 1 
o 

OUTPUTS 1 
o 

2 
o 

2 
o 

RL4 
<>--'VVv-O 

c>--O RU 

~ 
o 0 
a 4 
o 0 

RElET 
.,...../v+ 

oil OOND 

a. Test Board Layout 

b. Foil Side 

Figure 2 
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NE558 Applications AN171 

V~~~t-------r-T-------~T-------~' 

TRICJOI!R-U 

TtUGGlR 
r---- T ' 41RC) • Z HRS. -..1 

Figure 3. 558 Two-Hour TImer 

TRIGGERlJ 

OUTPUT 1~ ..... ____________ _ 

OUTflUT2 

OUTPuT 3 

-+--...1 
OUTPUT 4 

NOTE: 
1', ...... 4 ramaln pn:>portIonal over entire adj. range. 

Figure 4. 558 Sequential Timer With Voltag..controlled Cycle Time (50:1 Range) 

February 1987 7-44 



Slgnetlcs Uneor Products Appllcatton Note 

NE558 Applications AN171 

Vee 

Vee 

A 

TRIGGER 

T He OUTPUT 

OUTPtJT 

NOTE: 
T-RC 

.. MonoatllbJe Operation (one-8hot) b. 558 Astable OperaUon (Oscinator) 

Vee 

11 INCAEASE 

~I-

":0,,'" 
c. 558 Variable Frequency OllClllator WIth FIxed Duty Cycle 

Figura & 

,t--+-OOUTPUT • 

FIgura e. 558 Long nme Delay 
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NES58 Applications 

III IL WI IL III IL 

..no---;---~------~~ ______ ~ ______ ~ 

February 1987 

o. 

a. 558 Ring Counter 

b. Expected Waveforms 

figura 7 

""'" .. 
Figura 8. NE558 400Hz Iquara Wan OscIllator 
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L 

"", ..... 

A single section of the quad time may be 
used as a non·precision oscillator. The values 
given are for oscillation at about 400Hz. T 1 .. 
R1Cl and T2 '" 2.25 R2C2 for Vcc of 15V. The 
frequency of oscillation is subject to the 
changes in Vee. 
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DESCRIPTION 
The 555 monolithic timing circuit is a 
highly stable controller capable of pro
ducing accurate time delays, or oscilla
tion. In the time delay mode of opera
tion, the time is precisely controlled by 
one external resistor and capacitor. For 
a stable operation as an oscillator, the 
free running frequency and the duty 
cycle are both accurately controlled with 
two external resistors and one capacitor. 
The circuit may be triggered and reset 
on falling waveforms, and the output 
structure can source or sink up to 
200mA. 

EQUIVALENT SCHEMATIC 

February 24, 1987 

NEjSE555jSE555C 
Timer 
Product Specification 

FEATURES 
• Tum-off time 1888 than 2ps 
• Max. operating frequency greater 

than 500kHz 
• Timing from microsecond. to 

hours 
• Operate. In both astable and 

monoetable mode. 
• High output current 
• Adjustable duty cycle 
• TTL compatible 
• Temperature .tability of 0.005% 

per ·c 
APPLICATIONS 
• Precision timing 
• Pulse generation 
• Sequential timing 
• Time delay generation 
• Pulse width modulation 
• Pul.e position modulation 
• Mlselng pulse detector 

... 
• 
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PIN CONFIGURATIONS 

D. N, FE Packages 

GNOD' Vcc TAtoGI" Z 7 DlICHARGI 

OUTI'UT 3 • TflRllHOLD 

QIIT 4 5 CONTROL 
VOLTAGI 

CD09741S 

F Package 

"""'50S 
TOP VIEW 
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Timer 

ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

8-Pin Hermetic Cerdip o to +70·C NE565FE 

8-Pin Plastic SO o to +70·C NE556D 

B-Pin Plastic DIP o to +70·C NE565N 

B-Pin Hermetic. Cerdip -55·C to +125·C SE555CFE 

B-Pin Plastic DIP -56·C to +125·C SE555CN 

14-Pin Plastic 'DIP -55·C to +125·C SE556N 

B-Pin HermetIC Cerdlp -55·C to +125·C SE565FE 

14-Pin Ceramic DIP o to +70·C NE556F 

14-Pin Ceramic DIP -55·C to +l25·C SE556F 

14-Pin Ceramic DIP -56·C to +125"0 SE565CF 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMmR RATING UNIT 

Supply voltage 
Vee SE555 +18 V 

NE555. SE555C +18 V 

Po Maximum allowable power dissipation 1 800 mW 

TA Operating ambient temperature range 
NE555 Oto+70 ·C 
SE555. SE555C -55 to +125 ·C 

TSTG Storage temperature range -56 to +150 ·C 

TSOLO Lead soldering temperature (1Osee max) +$00 ·C 

NOTE: 
1. The junction temperature must be kept below 125·C lor the 0 package and below l5O"C lor the FE, N and 

F packages. At ambient temperaturea above 25"0. where this limit would be derated by the following 
factors: 

o package 160 ·C/W 
FE package 150 ·C/W 
N package 100 ·CIW 
F package 105 ·C/W 
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Timer NE/SE555/SE555C 

DC AND AC ELECTRICAL CHARACTERISTICS T A - 25°C, Voo - + 5V to + 15 unless otherwise specified. 

SE555 NE555/SE555C 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Voo Supply voltage 4.5 18 4.5 16 V 

100 
Supply current (low Voo - 5V, RL - 00 3 5 3 6 mA 
state)1 Voo· t5V, RL - 00 10 12 10 15 mA 

Timing error (moncstable) RA - 2kSl to 100kSl 
tM Initial aoouracy2 C-O.lj.tF 0.5 2.0 1.0 3.0 % 
.o.tM/.o.T Drift with temperature 30 100 50 lSO ppm/oC 
.o.IM/.o.Vs Drift with supply voltage 0.05 0.2 0.1 0.5 %IV 

Timing error (astable) RA, RB -lkSl to l00kSl 
tA Initial accuracy2 C-O.lpF 4 6 5 13 % 
.o.tA/.o.T Drift with temperature Voo- t5V 500 SOO ppm/oC 
.o.tA/.o.Vs Drift with supply voltage 0.15 0.6 0.3 1 %IV 

Vc Control voltage level Voo-15V 9.6 10.0 10.4 9.0 10.0 11.0 V 
Voo-5V 2.9 3.33 3.8 2.6 3.33 4.0 V 

VTH Threshold voltage Voo~ 15V 9.4 10.0 10.6 8.8 10.0 11.2 V 
Voo-5V 2.7 3.33 4.0 2.4 3.33 4.2 V 

ITH Threshold current! 0.1 0.25 0.1 0.25 pA 

VTRIG Trigger voltage Voo·15V 4.8 5.0 5.2 4.5 5.0 5.8 V 
Voo-5V 1.45 1.87 1.9 1.1 1.87 2.2 V 

ITRIG Trigger current VTRIG-OV 0.5 0.9 0.5 2.0 pA 

VRESET Reset voltage4 0.3 1.0 0.3 1.0 V 

IRESET 
Reset current O.t 0.4 0.1 0.4 mA 
Reset current VRESET-OV 0.4 1.0 0.4 1.5 mA 

Voo-15V 
:ISINK - 10mA 0.1 0.15 0.1 0.25 V 
ISINK-SOmA 0.4 0.5 0.4 0.75 V 

VOL Output voltage (low) ISINK - l00mA 2.0 2.2 2.0 2.5 V 
ISINK - 200mA 2.5 2.5 V 

Voo-5V 
ISINK-8mA 0.1 0.25 0.3 0.4 V 
ISINK-5mA 0.05 . ,,"'0.2 0.25 0.35 V 

Voo -15V 
ISOURCE - 200mA 12.5 12.5 V • VOH Output voltage (high) ISOURCE = l00mA 13.0 13.3 12.75 13.3 V 

Voo-5V 
ISOURCE -100mA 3.0 3.3 2.75 3.3 V 

toFF Turn-off time5 VRESET - Voo 0.5 2.0 0.5 2.0 jlS 

tR Rise time of output 100 200 100 300 ns 

IF Fall time of output 100 200 100 300 ns 

Discharge leakage current 20 100 20 100 ns 

NOTES: 
1. Supply current when ou1pu\ high typically 1 rnA less. 
2. Tested at Vee - 5V and Vee - 15V. 
3. This will determlna the max value of RA + RB, for 15V operation, the max total R -10MS}, and for 5V operation, the max. Ictal R - 3.4Mn. 
4. SpacHied with trigger input high. 
5. Time meaaured from a posilive going input pulse from 0 to 0.8 X Va; into the threahold to the drop from high to low of the output. Trigger is tied to threshold. 
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Timer 

TYPICAL PERFORMANCE CHARACTERISTICS 
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Figure 1. AC Coupling of the Trigger Pulse 

Trigger Pulse Width 
Requirements and Time Delays 
Due to the nature of the trigger circuitry, the 
timer will trigger on the negative going edge 
of the input pulse. For the device to time out 
properly. ~ is necessary that the trigger volt· 
age level be returned to some voltage greater 
than one third of the supply before the time 
out period. This can be achieved by making 
either the trigger pulse sufficiently short or by 

AC coupling into the trigger. By AC coupling 
the trigger, see Figure 1, a short negative 
going pulse is achieved when the trigger 
signal goes to ground. AC coupling is most 
frequently used in conjunction with a switch 
or a signal that goes to ground which initiates 
the timing cycle. Should the trigger be held 
low, without AC coupling, for a longer dura· 
tion than the timing cycle the output will 
remain in a high state for the duration of the 
low trigger signal, without regard to the 

FM 
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threshold comparator state. This is due to the 
predominance of 015 on the base of 016, 
controlling the state of the bistable flip-flop. 
When the trigger signal then returns to a high 
level, the output will fall immediately. Thus, 
the output signal will follow the trigger signal 
in this case. 

Another consideration is the "turn-off time". 
This is the measurement of the amount of 
time required after the threshold reaches 2/3 
Vee to turn the output low. To explain further, 
01 at the threshold input turns on after 
reaching 2/3 Vee, which then turns on 05, 
which turns on 06. Current from 06 turns on 
016 which turns 017 off. This allows current 
from 019 to turn on 020 and 024 to given an 
output low. These steps cause the 2J.1S max. 
delay as stated in the data sheet. 

Also, a delay comparable to the turn-off time 
is the trigger release time. When the trigger is 
low, 010 is on and turns on 011 which turns 
on 0 15, 0 15 turns off 0 16 and allows 017 to 
turn on. This turns off current to 020 and 024, 
which results in output high. When the trigger 
is released, 010 and 011 shut off, 015 turns 
off, 016 turns on and the circuit then follows 
the same path and time delay explained as 
"turn off time". This trigger release time is 
very important in designing the trigger pulse 
width so as not to interfere with the output 
signal as explained previously. 

Figure 2. Schematic 555 or 1/2 556 Dual Timer 
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INTRODUCTION 
In mid 1972, Slgne1ics introduced the 555 
timer, a unique func1lonal building block that 
has enjoyed unprecedented popularity. The 
timer's success can be attributed to several 
inherent charac1eristics foremost of which are 
versatility, stability and low cost. There can be 
no doubt that the 555 timer has altered the 
course of the elec1ronics industry with an 
impac1 not unlike that of the IC operational 
amplifier. 

The simplicity of the timer, in conjunction with 
its ability to produce long time delays in a 
variety of applications, has lured many de
signers from mechanical timers, op amps, 
and various discrete circuits into the ever 
increasing ranks of timer users. 

DESCRIPTION 
The 555 timer consists of two voltage com
parators, a bistable flip-flop, a discharge tran
sistor, and a resistor divider network. To 
understand 1he basic concept of the timer 
let's first examine the timer in block form as in 
Figure 1. 

The resistive divider network is used to set 
the comparator levels. Since all threa resis
tors are of equal value, the threshold compar
ator Is referenced internally at % of supply 
voltage level and the trigger comparator is 
referenced at 'I'J of supply voltage. The out-

Application Note 

puts of the comparators are tied to the 
bistable flip-flop. When the trigger voltage is 
moved below 'I'J of 1he supply, the compara
tor changes state and sets the flip-flop driving 
the output to a high state. The threshold pin 
normally monitors the capacitor voltage of the 
RC timing network. When 1he capacitor volt
age exoseds % of the supply, the threshold 
comparator resets the flip-flop which in tum 
drives the output to a low state. When the 
output Is in a low state, the discharge transis
tor is "on", thereby discharging the extemal 
timing capacitor. Once 1he capacitor is dis
charged, the timer will await another trigger 
pulse, the timing cycle having been complet
ed. 

The 555 and its complement, the 556 Dual 
Timer, exhibit a typical initial timing accuracy 
of 1 % with a 5Oppml"C timing drift with 
temperature. To operate the timer as a one
shot, only two external components are nec
essary; resistance & capacitance. For an 
oscillator, only one additional resistor is nec
essary. By proper selection of external com
ponents, OSCillating frequencies from one cy
cle per half hour to 500kHz can be realized. 
Duty cycles can be adjusted from less than 
one percent to 99 percent over the frequency 
spec1rum. Voltage control of timing and oscil
lation functions Is also available. 

II6ORt/ZSI. -- r-------------------l 
R 

=.::0--t-...... --1 

THRI!IHOI.D 0-+--+--1 

_ 0--+---11--1 

I 
I 
I 
I '-----------

Figure 1. 555/558 Timer Functional Block Diagram 
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Timer Circuitry 
The timer is comprised of five dlstinc1 circuits: 
two voltage comparators; a resistive voltage 
divider reference; a bistable flip-flop; a dis
charge tranSistor; and an output stage that is 
the "totem-pole" design for sink or source 
capability. 010 - 013 comprise a Darlington 
diffarential pair which serves as a trigger 
comparator. Sterting with a positive voltage 
on the trigger, 010 and all tum on when the 
voltage at Pin 2 is moved below one third of 
the supply voltage. The voltage level is de
rived from a resistive divider chain consisting 
of R7, R8 and Rg. All three resistors are of 
equal value (5kil). At 15V supply, the trigger
ing level would be 5V. When 010 and all tum 
on, they provide a base drive for 015, turning 
it on. 016 and 017 form a bistable flip-flop. 
When 015 is saturated, 016 is 'off' and 017 is 
saturated. 016 and 017 will remain in 1hese 
states even if the trigger is removed and 015 
is turned 'off'. While 017 is saturated, 020 and 
0 14 are turned off. 

The output structure of the timer is a "totem
pole" design, with 022 and 024 being large 
geometry transistors capable of providing 
200mA with a 15V supply. While 020 is 'off', 
base drive is provided for 022 by 0210 thus 
providing a high output. 

For the duration that the output is in a high 
state, the discharge transistor is 'off'. Since 
the collector of 0 14 is typically connec1ed to 
the external timing capacitor, C, While 014 is 
off, the timing capacitor now can charge 
through the timing resistor, RA. 

The capacitor voltage is monitored by the 
threshold comparator (01 - 04) which is a 
Darlington differential pair. When the capaci
tor voltage reaches two thirds of 1he supply 
voltage, the current is direc1ed from 03 and 
~ thru 01 and 02. Amplification of the 
current change is provided by 05 and 06. 
05 - Os and ~ - 08 comprise a dlode-biased 
amplifier. The amplified current chenge from 
06 now provides a base drive for 016 which Is 
part of the bistable flip-flop, to change states. 
In doing so, the output Is driven "low", and 
014, the discharge transiStor, Cis turned "on", 
shorting the timing capacitor to ground. 

The discussion to this point has only encom
passed the mos! fundamental of the timer's 
operating modes and circuitry. Several points 
of the circuit ate brought out to 1he real world 
which allow the timer to func1ion in a variety 
of modes. It is essential that one understands 
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Figure 2. Schematic of 555 or Joz 556 Dual Timer 

all the variations possible in order to utilize 
this device to its fullest extent. 

Reset Function 
Regressing to the trigger mode, it should be 
noted that once the device has triggered and 
the bistable flip-flop Is set, continued trigger
ing will not interfere with the timing cycle. 
However, there may come a time when it is 
necessary to interrupt or halt a timing cycle. 
This Is the function that the reset aacom
pUshes. 

In .the normal operating mode the reset tran
sistor, 025, Is off with its bese held high. 
When the bese of 025 Is grounded, It turns 
on, providing bese drive to 014, turning it on. 
This discharges the liming capacitor, resets 
the flip-flop at 017, and drives the output low. 
The reset overrides all other functions within 
the timer. 

Trigger Requirements 
Due to the nature of the trigger circuitry, the 
timer will trigger on the negative-golng edge 
of the Input pulse. For the device to time-out 
properly, it is necesssry lhatthe trigger volt
age level be returned to some voltage greater 
than one third of the supply before the 
timeout period. This can be achieved by 
making either the trigger pulse Sufficiently 
short or by AC coupling Into the trigger. By AC 
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coupling the trigger (see Figure 3), a short 
negative-going pulse is achieved when the 
trigger signal goes to ground. AC coupling Is 
most frequently used in conjunction with a 
switch or a signal that goes to ground which 
initiates the timing cycle. Should the trigger 
be held low, without AC coupling, for a longer 
duration than the liming cycle the output will 
remain In a high state for the duration of the 
low trigger signal, without regard to the 
threshold comparator state. This Is due to the 
predominance of 015 on the bese of 018, 
controlling the state of the bistable flip-flop. 
When the trigger signallhen returns to a high 
level, the output will fall immediately. Thus, 
the output signal will follow the trigger signal 
in this case. 

Control Voltage 
One additional point of significance, the con
trol voltage, is brought out on the timer. As 
mentioned esr1ier, both the trigger compara
tor, 010 - 013, and the threshold comparator, 
01 - A., are referenced to an Internal resistor 
divider network, R7, As, Rg. This network 
establishes the nominal two thirds of supply 
voltage (Vcc) trip point for the threshold 
comparator and one third of Vcr; for the 

trigger comparator. The two thirds point at the 
junction of R7, Rs and the bese of 04 is 
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brought out. By imposing a voltage at this 
point, the comparator reference levels may 
be shifted either higher or lower than the 
nominal levels of one third and two thirds of 
the supply voltage. Varying the voltage at this 
point will vary the timing. This featura of the 
timer opena a multitude of application p0ssi
bilities such as using the timer as a voltage
controlled oscillator, pulse-width modulator, 
etc. For applications whara the control voII
age function Is not used, It is strongly recom
mended that a bypass capacitor (0,01 pF) be 
placed across the control voltage pin and 
ground. This will Increase the noise immunity 
of the timer to high frequency trash which 
may monitor the threshold levels causing 
timing error. 

Monostable Operation 
The timer lends itself to three basic operating 
modes: 
1. Monostsble (one-shot) 
2. Astable (oscillatory) 
3. Time delay 

By utilizing one or any combination of basic 
operating modes and suitable variations, it is 
possible to utilize the timer in a myriad of 
appUcetions. The applications are limited only 
to the imagination of the designer. 
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One of the simplest and most widely used 
oPerating modes of the timer is the monosta
ble (one-shot). This configuration requires 
only two external components for operation 
(see Figure 4). The sequence of events starts 
when a voltage below one third Vee is sensed 
by the trigger comparator. The triggar is 
normally applied In the form of a shan nega
tive-going pulse. On the negatlve-golng edga 
of the pulse, the device triggars, the output 
goes high and the discharga transistor turns 
off. Note that prior to the input pulse, the 
discharge transistor is on, shorting the timing 
capacitor to ground. At this point the timing 
capacitor, C, starts charging through the tim
Ing resistor, R. The voltage on the capacitor 
increases exponentially with a time constant 
T - RC. Ignoring capacitor leakage, the ca
pacitor will reach the two thirds Vee level in 
1.1 time coristants or 

T-1.1RC (1) 

Where T Is in seconds, R Is In ohms, and C Is 
in Farads. This voltage level trips the thrash
old comparator, which In tum drives the 
output low and turns on the discharga transis
tor. The transistor discherges the capacitor, 
C, rapidly. The timer has completed its cycle 
and will now await another trigger pulse. 

Astable Operation 
In the astable (free-run) mode, only one 
additional component, RB, is necessary. The 
trigger Is now tied to the thrashold pin. At 
power-up, the capacitor is dischargad, hold
ing the trigger low. This triggers the timer, 
which establishes the capacitor charga path 
through RA and RB. When the capacitor 
raaches the threshold level of % Vee. the 
output drops low and the discharge transistor 
tums on. 

Appllcotlon Note 
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figure 5. Astable Operation 

The timing capacitor now discharges throuQh 
RB' When the capacitor voltage drops to '13 
V ce, the trigger comperstor trips, automati
cally retriggering the timer, creating an oscil
lator whose frequency is 'given by: 

1.49 
f- ~ 

(RA +2Rs)C 

Selecting the ratios of RA and RB varies the 
duty cycle accordingly. La and behold, we 
have a problem. If a duty cycle of less than 
fifty percent is required, then what? Even If 
RA - 0, the charge time cannot be made 
smaller than the discharge time because the 
charge path is RA + RB while the discharge 
path is RB alone. In this case it becomes 
necessary to insert a diode in parallel with RB, 
cathode toward the timing capacitor. Another 
diode Is desirable, but not mandatory (this 
one in series with RB), cathode away from the 
timing capacitor. Now the charge path be
comes RA, through the parallel diode into C. 
Discharge is through the series diode and RB 
to the discharge transistor. This scheme will 
afford a duty cycle range from less than 5% 
to greater than 95%. It should be noted thet 
for reliable operation a minimum value of 3kn 
for RB is recommended to assure that oscilla
tion begins. 

Time Delay 
In this third basic operating mode, we aim to 
accomplish something a little different from 
monosleble operation. In the monosleble 
mode, when a trigger was applied, 
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Vee 

R. 

Figure 8. Method of Achieving Duty 
Cycles Lese Than 50% 

immediately changed to the high state, timed 
out, and returned to Its pre-trigger low state. 
In the time delay mode, we require the output 
not to change state upon triggering, but at 
some precalculated time after trigger Is re
ceived. 

The threshold and trigger are tied together, 
monitoring the capacitor voltage. The' dis
charge function Is not used. The operation 
sequence begins as transistor (T 1) is turned 
on, keeping the capacitor grounded. The 
trigger sees a low state and forcas the timer 
output high. When the transistor Is turned off, 
the capacitor commences Its charge cycle. 
When the capacitor reaches the threshold 
level, only then does the output change from 
Its normally high state to the low state. The 
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output ,will remain low until T 1 is again turned 
on. 

GENERAL DESIGN 
CONSIDERATIONS 
The timer will operate over a guaranteed 
voitagerange of 4.5V to 15Voc with 16Vec 
being the absolute maximum rating. Most of 
the devices, however, will operate at voltage 
levels as low as 3Vec. The timing Interval is 
Independent of supply voltage since the 
charge rate and threshold level of the com
perstor ara both directiy proportional to sup
ply. The supply voltage may be, provided by 
any number of sourcas, however, several 
precautions should be taken. The most Im
portant, the one which provides the most 
headaches If not practiced, Is good power 
supply filtering and adequate bypassing. Rip
ple on the supply line can cause loss of timing 
accuracy. The threshold level shifts, causing 
a change of charging current. This will cause 
a timing error for that cycle. 

Due to the nature of the output structure, a 
high power totem-pole design, the output of 
the timer can exhibit large current spikes on 
the supply line. Bypassing is necessary to 
eliminate this phenomenon. A capacitor 
across the Vce and groilnd. directly across 
the device, Is necessary and Ideal. The size of 
a capacitor will depend on the spaclfic appli
cation. Values of capacitance from 0.01/lF to 
10/lF are not uncommon, but nOte that the 
bypass capacitor would be as close to the 
device as physically possible. 

Selecting External Components 
In selecting the timing resistor and capacitor, 
there are several considerations to be taken 
Into account 

Stable external components are necessary 
for the RC network If good timing accuracy Is 
to be maintained. The timing reslstor(s) 
should be of the metal film variety If timing 
accuracy and repeatability are Important de
sign criteria. The timer exhibits a typical initial 
accuracy of one percent That Is, with any 
one RC network, from timer to timer only one 
percant change Is to be expected. Most of 
the initial timing error (i.e .• deviation from the 
formula) Is due to inaccuracies of external 
components. Resistors range from their rated 
values by 0.01% to 10% and 20%. Capaci
tora may have a 5% to 10% deviation from 
rated capacity. Therefore, In a system where 
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Figure 7. Time Delay Operation 

timing is critical, an adjustable timing resistor 
or precision components are necessary. For 
best results, a good quality trim pot, placed in 
series with the largest fesslb/e resistance, will 
allow for best adjustability and performance. 

The timing capacitor should be a high quality, 
stable component with very low leakage char· 
acteristics. Under no circumstances should 
C6rBmic disc capacitors be used in the timing 
networfc/ Ceramic disc capacitors are not 
sufficiently stable in capacitance to operate 
properly in an RC mode. Several acceptable 
capacitor types are: silver mica, mylar, poly· 
carbonate, polystyrene, tantalum, or similar 
types. 

The timer typically exhibits a small negative 
temperature coefficient (50ppmfOC). If timer 
accuracy over temperature is a consideration, 
timing components with a small positive tem· 
perature coefficient should be chosen. This 
combination will tend to cancel timing drift 
due to temperature. 

In selecting the values for the timing resistors 
and capacitor, several points should be COrl
sidered. A minimum value of threshold cur· 
rent is necessary to trip the threshold com· 
parator. This value is 0.25pA. To calculate the 
maximum value of resistance, keep in mind 
that at the time the threshold current is 
required, the voltage potential on the thresh· 
old pin Is two thirds of supply. Therefore: 

V potential - Vcc - V capacitor 

Vpotentlal - Vee -1I3 Vee = 1'.lVee 

Maximum resistance is then defined as 

R Vcc-Vcap 
MAX-~ (3) 

Example: Vee - 15V 
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15-10 
RMAX - ---& - 20MO 

0.25(10--} 

Vee=5V 

R _ 5-3.33 
MAX - 0.25(H)""6) 

6.6MO 

NOTE: 
If using a large value of timing resistor, be certain 
that the capacitor leakage is significantly lower than 
the charging currant available to minimize timing 
error. 

On the other end of the spectrum, there are 
certain minimum values of reSistance that 
should be observed. The discharge transistor, 
014, is current·limited at 35mA to 55mA 
internally. Thus, at the current limiting values, 
014 establishes high saturation voltages. 
When examining the currents at 014, remem· 
ber that the transistor, when tumed on, will be 
carrying two current loads. The first being the 
constant current through timing reSistor, RA. 
The second will be the varying discharge 
current from the timing capacitor. To provide 
best operation, the current contributed by the 
RA path should be minimized so that the 
majority of discharge current can be used to 
reset the capacitor voltage. Hence it is rec· 
ommended that a 5kO value be the minimum 
feasible value for RA. This does not mean 
lower values cannot be used successfully in 
certain applications, yet there are extreme 
cases that should be avoided if at all possible. 

Capacitor size has not proven to be a legiti· 
mate design criteria. Values ranging from 
picofarads to greater than one thousand mi
crofarads heve been used successfully. One 
precaution need be utilized, though. (II should 
be a cardinal rule that applies to the usage of 
all ICs.) Make certain that the package power 
dissipation is not exceeded. With extremely 
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large capacitor values, a maximum duty cycle 
which allows some cooling time for the dis
charge transistor may be necessary. 

The most important characteristic of the ca· 
pacitor should be as low a leakage as possi· 
ble. Obviously, any leakage will subtract from 
the charge count, causing the calculated time 
to be longer than anticipated. 

Control Voltage 
Regressing momentarily, we recall that the 
control voltage pin is connected directly to 
the threshold comparator at the junction of 
R7, or Re. The combination of R7, Re and Rg 
comprises the resistive voltage divider net
work that establishes the nominal Ya Vee 
trigger comparator level (junction Re, Rg) and 
the 1I3 Vee level for the threshold comparator 
(junction R7, Re). 

For most applications, the control voltage 
function is not used and therefore is by
passed to ground with a small capacitor for 
noise filtering. The control voltage function, In 
other applications, becomes an integral part 
of the design. By imposing a voltage at this 
pin, it becomes possible to vary the threshold 
comparator "set" level above or below the ~ 
Vee nominal, thereby varying the timing. In 
the monostable mode, the control voltage 
may be varied from 45% to 90% of Vee. The 
45 - 90% figure is not firm, but only an 
indication to a safe usage. Control voltage 
levels below and above those stated have 
been used successfully in some applications. 

In the oscillatory (free-run) mode, the control 
voltage limitations are from 1.7V to Vee. 
These values should be heeded for reliable 
operation. Keep in mind that in this mode the 
trigger level is also important. When the 
control voltage raises the threshold compara
tor level, it also raise the trigger comparator 
level by one·half that amount due to Rs and 
R9 of Figure 2. As a voltage-controlled osci/· 
lator, one can expect ± 25% around center 
frequency (fo) to be virtually linear with a 
normal RC timing circuit. For wider linear 
variations around fo it may be desirable to 
replace the charging resistor with a constant
current source. In this manner, the exponen· 
tial charging characteristics of the classical 
configuration will be altered to linear charge 
time. 

Reset Control 
The only remaining function now is the reset. 
As mentioned earlier, the reset, when taken 
to ground, inhibits all device functioning. The 
output is driven low, the bistable flip·flop is 
reset, and the timing capacitor is discharged. 
In the astable (OSCillatory) mode, the reset 
can be used to gate the oscillator. In the 
monostable, it can be used as a timing abort 
to either interrupt a timing sequence or estab
lish a standby mode (i.e., device off during 
power·up). II can also be used in conjunction 

I 
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with the trigger pin to establish a positive 
edge-triggered circuit as opposed to the nor
mal negative edge-trigger mode. One thing to 
keep in mind when using the reset function is 
that the reset voltage (switching) point is 
between 0.4V and 1.0V (min/max). There
fore, if used in conjunction with the trigger, 
the device will be out of the reset mode priOr 
to reaching 1 V. At that point the trigger is in 
the "turn on" region, below ~ Vee- This will 
cause the device to trigger immediately, ef
fectively triggering on the positive-going edge 
if a pulse is applied to Pins 4 and 2 simulta
neously. 

FREQUENTLY ASKED 
APPLICATIONS QUESTIONS 
The following is a harvest of various mala
dies, exceptions, and idiosyncrasies that may 
exhibit themselves from time to lime in vari
ous applications. Rather than cast asper
sions, a quick review of this list may uncover 
a solution to the problem at hand. 

1. In the oscillator mode when reset is re
leased the first tims constant Is approxi
mately twice as long as the rest Why? 
Answer: In the oscillator mode the capaci
tor voltage fluctuates between ~ and % of 
the supply voltage. When reset is pulled 
down, the capacitor discharges completely. 
Thus for the first cycle it must charge from 
ground to ~ Vee, which takes twice as 
long. 

2. What is maximum frequency of oscilla
tions? 
Answer: Most devices will oscillate about 
1 MHz. However, in the interest of tempera
ture stability, one should operate only up to 
about 500kHz. 

3. What is temperature drift for oscillator 
mods? 
Answer: Temperature drift of oscillator 
mode is 3 times that of one-shot mode due 
to the addition of a second voltage com
parator. Frequency always increases with 
an increasing temperature. Therefore it is 
possible to partially offset this drift with an 
offsetting temperature coefficient in the 
external resistor I capacitor combination. 

4. Oscillator exhibits spurious oscillations 
on crossover points. Why? 
Answer: The 555 can oscillate due to 
feedback from power supply. Always by
Pass with sufficient capacitance close to 
the device for all applications. 

5. Trying to drive a relay but 555 hangs 
up. How come? 
Answer: Inductive feedback. A clamp diode 
across the coil prevents the coil from 
driving Pin 3 below a negative O.SV. This 
negative voltage is sufficient in some cases 
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to cause the timer to malfunction. The 
solution is to drive the relay through a 
diode, thus preventing Pin 3 from ever 
seeing a negative voltage. 

S. Double triggering' of the TTL loads 
sometimes occurs. Why? 
Answer: Due to the high current capa
bility and fast rise and fall times of the 
output, a totem-pole structure different 
from the TTL classical structure was 
used. Near TTL threshold this output 
exhibits a crossover distortion which 
may double trigger logic. A 1000pF ca
pacitor from the output to ground will 
eliminate any false triggering. 

7. What is the longest lime I can get out 
of the timer? 
Answer: Times exceeding an hour are pos
sible, but not always practical. Large ca
pacitors with low leakage specs are quite 
expensive. It becomes cheaper to use a 
countdown scheme (see Figure 15) at 
some point. dependent on required accura
cy. Normally 20 to 30 min. is the longest 
feasible time. 

Figure 8. Driving High Q Inductive 
Loads 

DESIGN FORMULAS 
Before entering the section on specific appli
cations it Is advantageous to review the 
timing formulas. The formulas given here 
apply to the 555 and 556 devices. 

APPLICATIONS 
The timer, since introduction, has spurred the 
imagination of thousands. Thus, the ways in 
which this device has bean used are far too 
numerous to present each one. A review of 
the basic operation and basic modes hes 
previously been given. Presented here are 
some ingenious applications devised by our 
applications engineers and by some of our 
customers. 
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MIssing Pulse Detector 
Using the circuit of Figure 10a, the timing 
cycle is continuously reset by the input pulse 
train. A change in frequency, or a missing 
pulse, allows oompletion of the timing cycle 
which causes a change in the output level. 
For this application, the time delay should be 
set to be slightly longer than the normal time 
between pulses. Figure 10b shows the actual 
waveforms seen in this mode of operation. 

+ Vee CI TO 11V) 

". 

r 
"""108 

a. Schematic Diagram 

b. Expected Waveforms 

Figure 10 

Frequency Divider 
If the input frequency is known, the timer can 
easily be used as a frequency divider by 
adjusting the length of the timing cycle. 

+ Vee (Ito tsV) 

011""" 

Figure 11a. SchemaUc Diagram 
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Figure 11b. Expected Waveforms 

Figure 11 b shows the waveforms of the timer 
in Figure 11 a when used as a divide-by-three 
circuit. This application makes use of the fact 
that this circuit cannot be retriggered during 
the timing cycle_ 

Pulse Width Modulation (PWM) 
In this application, the timer is oonnected in 
the monostable mode as shown in Figure 
12a. The circuit is triggered with a continuous 
pulse train and the threshold voltage is modu
lated by the signal applied to the oontrol 
voltage terminal (Pin 5). This has the effect of 
modulating the pulse width as the control 
voltage varies. Figure 12b shows the actual 
waveform generated with this circuit. 

OUTl'UT 

CI.OCIC 
..." 

+Vcc (I 10 1IV) 

a. Device Schematic 

I.O..l1IIICII 
IIOOULATION INPUT ':"'IVICU 

vrl r--... 
"., I I 
C!oCl ·1I!'j'!'=-I!v!:" . . --
. ,,--1- - .- --

oiiiPui'v\;,..-..li..: ... -- -
II:!. LJ. 

-. 
--
-

r-
. -
--
-

b. Expected Wavefonns 

Figure 12 
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Pulse POSition Modulation (PPM) 
This application uses the timer connected for 
astable (free-running) operation, Figure 13a, 
with a modulating signal again applied to the 
control voltage terminal. Now the pulse posi
tion varies with the modulating signal, since 
the threshold voltage, and hence the time 
delay, is varied. Figure 13b shows the wave
form generated for triangle-wave modulation 
signal. 

". 
OUTPUT 

NElSE_ fit: 

a. SchemaUc Diagram 

t = O.1111S1C11 
IIODUU.T1ON INPUT - 2ViCM 

,/ 

... . 
,til 
W 

NOTE: 

"" V f'. 
'N/ "" -IViCM 

...... ...... ..... .. . .. .... , 
. /, '/" ./,11 ' /, 

1//1 hN !dill w rlll,1 
-

b. Expected Waveform 

Figure 13 
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.. 

All resistor values are In ohms. 

Figure 14. Tone Burst Generator 
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Tone Burst Generator 
The 556 Dual Timer makes an excellent tone 
burst generator. The first haH Is connected as 
a one-shot and the second haH es an oscilla
tor (Figure 14). 

The pulse established by the one-shot tums 
on the OSCillator, allowing a burst to be 
generated. 

Sequential Timing 
One feature of the dual timer is that by 
utilizing both halves it is possible to obtain 
sequential timing. By connecting the output of 
the first half to the input of the second half via 
a 0.001 ILl' coupling capacitor, sequential tim
ing may be obtained. Delay t, Is determined 
by the first half and t2 by the second half 
delay (Figure 15). 

The first half of the timer is started by 
momentarily connecting Pin 6 to ground. 
When it Is timed-out (detarmined by 1.1 R,C,) 
the second haH begins. Its duration is deter
mined by 1.1 R~2. 

Long Time Delays 
In the 556 timer the timing is a function of the 
charging rate 01 the external capacitor. For 
long time delays, expensive capacitors with 
extremely low leakage are required. The prac
ticality of the components involved limits the 
time between pulses to around twenty min
utes. 

.... 
*"IT o-fll-.... ---t 

NOTE: 
All resistor valUes are in ohms. 

v.,. 

1----1 .... 
1---__"--0 OUTPUT' 

1------0 OUTPUT. 

... 

Figure 15. Sequenttal Timer 

To achieve longer time periods, both halves 
may be connected in tandem with a "divide
by" network In between. 

The first timer section operates in an oscilla
tory mode with a period of lifo. This signal is 
then applied to a "dMde-by-N" network to 
give an output with the period of Nllo. This 
cen then be used to trigger the second hall 01 
the 556. The total time is now a function of N 
and 10 (Rgure 16). 

Speed Warning Device (1) 
Utilizing the "missing pulse detector" con
cept, a speed W&n1lng device, such as de-

picted, becomes a simple and inexpensive 
circuit (Figure 17a). 

Car Tachometer (1) 
The timer receives pulses from the distributor 
points. Meter M receives a calibrated current 
thru Rs when the timer output is high. After 
time-out, the metar receives no current for 
that part of the duty cycle. Integration of the 
variable duty cycle by the meter movement 
provides a visible Indication 01 engine speed 
(Figure 18). 

LONG,.. COUNTIII 

r--1-~--~~~~F=~~=·~~==~~~I-------~~-~~r-~v .. 

... 
(101) 

c 
,I(UO,f) 

NOTE: 
All resistor values are in ohms. 
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Figure 16. Method of Achieving Long Time Delays 
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VII o-...... --+--~H 

a. Schematic of Speed Warning Device 
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Figura 17 
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NOTE: 
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figura 18. Tachometer 
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Oscilloscope-Triggered Sweep 
The 555 timer holds down the cost 01 adding 
a triggered sweep to an eCOnOmy oscillo
scope. The circuit's input op amp triggers the 
timer, satting its flip-flop and cutting off its 
discharge transistor so that capacitor C can 
charge. When capacitor voltage reaches the 
timer's control voltage (0.33Vccl, the flip-flop 
resets and the transistor conducts, discharg
ing the capacitor (Figure 19). 

Greater linearity can be achieved by substitut
ing a constant-current source lor the frequen
cy adjust resistor (R). 

NV 
0-_ ---.v .. 

.... 

NOTE: 
All resistor values are In ohms. 

NOTE: 
AD reat8tOr vaIUe8 are In ohms. 
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Square Wave Tone Burat 
Generator (4) 
DepressIng the pushbutton provides square 
wave tone bursts whose duration depends on 
the duration lor which the voltage at Pin 4 
exceeds a threshold. Components Rio R2 and 
Cl cause the astable action of the timer IC 
(Figure 20). 

Regulated DC-to-DC Converter 
(2) 
Regulated DC-to-DC converter produces 
15Voc outputs from a + 5Voc input. Une and 
load regulation is 0.1 % (Figure 21) . 

• v .. 

Voltage-to-Pulse Duration 
Converter (1) 
Voltage levels can be converted to pulse 
durations by combining an op amp and a 
timer IC. Accuracies to better than 1 % can be 
obtained with this circuit (a), and the output 
signals (b) still retain the original frequency, 
independent of the input voltage (Figure 22). 

.K_ -8ICINE1lC8 NEllI + Vee 

~~~~----------:fJrJL--ro:ItI~~ 

Figure 19. Schematic of Triggered Sweep 

2'1------+ 
~~~~ ~ 
~--~~------_4 ~ 

Figure 20. Square Wave Tone Buret Generator 
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NOTES: 
All resistor values are in ohms. 
·Shaler Magnetics 
Covina, caJW. 
(213) 331-3115 

VCC+ lIV 

OFFSET _T 
VII· 

10K 

VREF 
213VCC 

-
NOTES: 
All restator values in ohms 

II( 

I.5K --
471( 

+IIVUIIREG nl0~GJ _ 
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~. 

2 
11l1li ,Am ~ 

~ 
... --

.1IIIC33I8 

2A 

l-
II~ 

INion 

C4 
II2,.F f-- I 

~ 7 
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31V -1IV ........ 

lIT' 
e. 
o.OI,.F 

11K 

L ,12 ---

3 

4 "I 13 

~ 
l00pF 

11 
Wr-

,Am 9 

I 4r-
7 13 

He 

I I 22K 

Figure 21. Regulated DC-to-DC Converter 
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Uiti4 '1 IIa 
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~o -100 
pF 
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i'~oF ' 
en 
0.1 

GIlD. OUT 

Os -
~ ~2 
SA 0.1,., 

-lIVOUT 

·V,N Ie limited to 2 diode drops wI1hIn ground or _ Va; 

Figure 22. Voltage-to-Pulse Duretlon Converter 

Servo System Controller (1) 
To control a servo motor remotely, the 555 
needs only six extra components (Figure 23). 
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Stimulus Isolator (5) 
Stimulus isolator uses a photo-SCR and a 
toroid for shaping pulses of up to 200V at 
200pA (Figure 24). 
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Voltage-to-Frequency Converter 
(0.2% Accuracy) (6) 
Linear voltage-to-frequency converter (a) 
achieves good linearity over the 0 to -10V 
range. Its mirror image (b) provides the same 
linearity over the 0 to + 10V range, but Is not 
DTUTIL compatible (Figure 25). 
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Figure 23. Servo System Controller 
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Figure 24. StlmulUl Isolator 
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b. 

NOTE: 
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Figure 25 

Posltlve-to-Negatlve Converter 
(7) 
Transformerless DC - DC converter derives a 
negative supply voltage from a positive. As a 
bonus, the circuit also generates a clock 
Signal. 

The negative output voltage tracks the DC 
Input voltage linearity (a), but Its magnitude is 
about 3V lower. Application of a 500n load, 
(b), causes 10% change from the no-load 
value (Figure 26). 
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Auto Burglar Alarm (8) 
TImer A produces a safeguard delay, allowing 
driver to disarm alarm and eliminating a 
vulnerable outside control switch. The SCR 
prevents timer A from triggering timer B, 
unless timer B is trlggerad by strategically· 
located sensor switches (Figure 27). 
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Figure 27. Auto Burglar Alarm 
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Cable Tester (9) 
Compact tester checks cables for open·clr
cuit or short-circuit conditions. A differential 
transistor pair at one end of each cable line 
remains balanced as long as the same clock 
pulse-generated by the timer Ie appears at 
both ends of the line. A clock pulse just at the 
clock end of the line lights a green light
emitting diode, and a clock pulse only at the 
other end lights a red LED (Figure 28); 

Low Cost LIne Receiver (10) 
The timer makes an excellent line receiver for 
control applications involving relatively slow 
electromechanical devices. It can work with
out special drivers over single unshielded 
lines (Figure 29). 
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Figure 29. Low Cost Une Receiver 
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TImor Signo1lcs NE555V 
LEO Monaanto MV5491 
·I\!w R •• i-. 

Figure 28. Cable Tester 

Temperature Control (11) 
A couple of transistors and thermistor in the 
charging" network of the 555·type timer en· 
able this device to sense temperature and 
produce a corresponding frequency output. 
The circuit is accurate to within ± 1 Hz over a 
78°F temperature range (Figure 30). 
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(1) 

(31 

(') 

"""',s 

Automobile Voltage Regulator 
(12) 
A monolithic 555·type timer is the heart of this 
simple automobile voltage regulator. When 
the timer is off so that its output (Pin 3) Is low, 
the power Darlington transistor pair Is off. If 
battery voltage becomes too low (less than 
14.4V In this case), the timer turns on and the 
Darlington pair conducts (Figure 31). 
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Figure 30. Temperature Control 
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Figure 31. Automobile Voltage Regulator 
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Switching Regulator (13) 
The basic regulator of Figure 32 is shown 
here with its associated timing and pulse
generating circuitry. The block diagram illus
trates how the overall regulator works. The 
multivibrator determines switching frequency, 
and the error amplifier adjusts the pulse width 
of the modulator to maintain output voltage at 
the desired level. The output resistor divider 
provides the sensing voltage (Figure 35). 

OC-to-OC Converter (14) 

+v 

II~ 

Figure 32. DC-to-DC Converter 

Ramp Generator (14) 

+V 

TRIGGER 

TC01010S 

Figure 33. Ramp Generator 

Audio Oscillator (14) 

+V 

+---........ ----' 
IIQcj 

1.4. t.----
IRA ·2AalC 

Figure 34. Audio Oscillator 
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Figure 35. Switching Regulator 
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Low Power Mono.table 
OperatIon 
In battery-operated equipment where load 
current is a significant factor, Figure 36 can 
deliver 555 monostable operation at low 
standby power. This circuit interfaces directly 
with CMOS 4000 series and 74LOO series. 
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During the monostable time, the current 
drawn is 4.5mA for T = 1.1 RC. The rest of the 
time the current drawn is less than 501lA. 
(Circuit submitted by Kart Imhof, Executone 
Inc., Long Island City, NY.) 

In other low power operations of the timer 
where Vee is removed until timing is needed, 

it is necessary to consider the output load. If 
the output is driving the base of a PNP 
transistor, for example, and its power is not 
removed, it will sink current into Pin 3 to 
ground and use excessive power. Therefore, 
when driving these types of loads, one should 
recall this internal sinking path of the timer. 
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Absolute Maximum Rating 
Operating safe zones exceeding these 
limits could cause permanent damage to 
the device and are not meant to imply 
that devices can operate at these limits. 

Current Limiting 
The ability of the amplified segment to 
limit the output current of the device 
when safe operating limits are ex
ceeded. Measured in amperes (pre-de
termined). 

Duty Cycle (5) 
The time the output is turned on. Usually 
expressed as a percent of the period. 

Efficiency 
Regarding a regulator, the ratio of the 
total power input to the usable power 
output. Expressed as a percentage. (For 
example, if a regulator has a 50W input 
and a 40W output, its efficiency is 80%). 

EMI/RFI 
Electromagnetic Interference/Radio 
Frequency Interference regarding regu
lators, magnetic field disturbance and 
radio frequency interference signals 
generated especially by SMPS devices. 
Measurement is generally unspecified. 

Line Regulation 
Sometimes referred to as "static regula
tion". This term refers to the changes in 
the output as the input is varied slowly 
from its rated minimum value to its rated 
maximum value (from 1 05 VACRMS to 
125 VACRMS). Measured in mVIV. 

Load Regulation 
Sometimes referred to as "dynamic reg
ulation". This term refers to the changes 
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Symbols and Definitions for 
Voltage Regulators 

in the output when load conditions are 
suddenly changed (from no load to full 
load). Measured in mV IV. 

Package Type Designation 
See full package designations in Appen
dix. 

Power Dissipation 
The power that the device can safely 
handle at 25·C. The dissipation must be 
derated as indicated for the individual 
package type. 

Power Dissipation 
The ability of the regulator to tolerate 
excessively high levels of input power 
while maintaining its operation within the 
safe operating area of its active devices. 
Measured in watts. 

Safe Operating Area Restriction 
(SOAR) 
Limits the output current of the amplifier 
to maintain safe (no thermal runaway) 
operating conditions. (Accomplished 
through internal sensor amplifiers.) 

TA 
Ambient temperature range. Range of 
the surrounding environment of the op
erating device. 

TJ 
Junction temperature. The maximum 
temperature of the device. 150·C is 
standard for silicon devices. 

TSOLD 
Soldering temperature. The temperature 
which can be applied to the lead frame 
of the device for short periods of time 
(normally specified for a duration of 
10sec). 

8·3 

TSTG 
Storage temperature range. Tempera· 
ture range that the device can be stored 
in a non-operating condition. 

Thermal Regulation 
Referred to as changes due to ambient 
variations of thermal drift. Also referred 
to as temperature coeffiCient, measured 
in ppml"C or mV/·C. 

Thermal Shutdown 
The ability of the regulator to shut itself 
down when the maximum die tempera
ture is exceeded. Measured in degrees 
Celsius. 

Transient Response 
The ability of the regulator to respond to 
rapid changes in line variations, load 
variations, or intermittent transient input 
conditions. (Transient Response is often 
referred to as "recovery time"). Mea
sured in milliseconds. 

Truth Tables 
o = logic level LOW 

1 = logic level HIGH 

X = don't care condition; has no effect 
under circuit conditions listed. 

Vee (-Vee) 
Supply Voltage. The range of power 
supply voltage over which the device will 
operate safely. 

Voltage Limiting 
The ability of the regulator to "shut 
down" in the event that the internal 
reference sources fail to function proper
ly. Measured in volts. • 
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DESCRIPTION 
The NE5044 is a programmable parallel 
input, serial output pulse width encoder. 
A multiplexed dual linear ramp technique 
is used to allow up to 7 inputs to be 
converted to a serial pulse width modu
lated signal with excellent linearity and 
minimal crosstalk. Fixed or variable 
frame rates can be used, externally con
trolled, for ease of demodulation. An on
board 5V regulator eliminates power 
supply sensitivities and provides up to 
20mA current capability for driving exter
nal loads. 

FEATURES 
• 3 to 7 channels, extemally 

selectable 
• Constant-current dual linear ramp 

for linearity better than 0.3% 
• Internal voltage regulator for low 

drift 
• WIde supply range 4.5 - 12V 
• Fixed or variable frame rate set 

by external RC 

BLOCK DIAGRAM 

MULnPLEXER 

NE5044 
Programmable Seven-Channel 
RC Encoder 
Product Specification 

• External control for channal gain 
or range 

• Versatile appllcaUona: exponential 
rates, mixing, dual rate, 
reversing, etc. 

• Compatible with all transmlaalon 
mediums 

APPLICATIONS 
• Radlo-controlled aircraft, cars, 

boats, trains 

• Industrial controllers 
• Remote-controlled entertainment 

systems 

• Security systems 
• Instrumentation recorders/ 

controls 
• Remote analog/digital data 

transmlaalon 
• Automotive sensor systems 

• Robotics 
• Telemetry 
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ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

16-Pin Plastic so Package o to +70·C NE5044D 

16-Pin Plastic DIP o to +70·C NE5044N 

ABSOLUTE MAXIMUM RATINGS1 

SYMBOL PARAMETER RATING UNIT 

Vee Supply voltage 13 V 

lOUT Regulator output current -25 rnA 

Serial output peak current 30 rnA 

Constant-current generator -1 rnA 

Parallel inputs, range input O-VREG V 

One-shot input, frame generator input O-VREG V 

TA Operating temperature range o to +70 ·C 

TSTG Storage tamperature range -65 to +150 ·C 

NOTE: 
1. T A - 25·C unless otherwise stated. 

DC ELECTRICAL CHARACTERISTICS Test Conditions TA = 25·C, Vcc = 10V using Test Circuit, unless otherwise stated. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Power supply requirements 

Vcc Power supply voltage range 4.5 12 V 

Icc Power supply current 
Excluding control pots and serial 11 15 rnA 
output currents 

Voltage regulator 

VREG Output voltage 4.5 5.0 5.5 V 

lOUT Output current VR~4.5V -20 rnA 

Line regulation 7";;Vcc";;12 0.005 0.02 VIV 

Multiplexer 

liN Input current Vn = 2.5V ±30 ±200 nA 

VIN Input voltage range Vn-VRang.~0.75V 1.5 5 V 

Crosstalk ±1 ±5 lIS 

• 

November 14, 1966 8-5 



Slgnetlcs Unear Products Product Speclflcatton 

Programmable Seven-Channel RC Encoder NE5044 

AC ELECTRICAL CHARACTERISTICS Te8t conditions TA - 25'0. Vee - 10V using Test Circuit. unl_ otherwl88 8leted. 

UMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min TyP MIX 
Output pul .. 

In PoslUon R, • ~ux - 1.25ms 1350 1500 1850 jlS 
Vn - 0.5VREG; VRANGE - O·2VREG 

P08itIon linearity error 5 jlS 

Poaltlon tempco O'C<TA <70'0 0.15 jlS"O 

Position PSR 8V<Vee <12V 0.5 1 jlSlV 

to Width RoCo - 300jlS 240 285 330 jlS 

Seturation voItege lo-25mA 0.8 1 V 

I" Leakage current 0.05 50 IIA 

R, Range input voltage R,-SOkO 0.75 V 
R,-25kO 1.00 V 

Frame time (fixed) R.,cF - 30ms 17 20 23 rns 

Inhibit threshold 0.4 V 

November 14. 1988 8·8 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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TEST CIRCUIT 
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I'~!I 
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'TC121i41S 

::;p,y voI1ag .. exceeding lav. a currant limiting rulator of 20 to son In __ Vee Is recommended. 

CIRCUIT OPERATION 
The NE5044 is a programmable parallel input, 
serial output encoder containing all the active 
circuitry necessary to genarate a precise 
pulse width modulated signal with 3 to 7 
channals. The number of channels is exter
nally programmable by grounding unused 
control inputs. A multiplexed duallinaar ramp 
technique is used to provide excellent lineari
ty, minimal crosstalk and low temperature 
drift. An on-boerd 5V regulator eliminates 
power supply sensitivities and has up to 
20mA current capability for driving external 
loads. The encoder can be used In the fixed
frame mode or, with the addition of one 
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external NPN transistor, as a variable-frame 
encoder. 

The multiplexer functions as a S1robed vOl
tage.follower so that each Input, when active, 
appears as a high-Impedance Input ( > 1 MSl) 
and transfers the Input voltage to the output. 
Only one of the seven inputs is active at any 
time and when a given Input is Inactive, it 
appears as an open circuit. The high-Imped
ance multiplexer InputS eliminate 'Ioadlng on 
contrcl inputs and simplify mixing circuits 
where several controls may be mixed onto 
one Input 

Channel 4, 5, 6 and 7 Inputs may also be 
used to select the desired number of output 

8-8 

pulses by grounding one or more of these 
pins. That is, by grounding Pin 4 (Channel 4 
Input) only the first three inputs of the encod
er will be used and a 3-channel encoder 
results. Grounding Pin 5 results in a 4-chan
neI encodar, and so on. Thus, any number of 
channels between 3 and 7 may be selected. 
Internal voltage clamping prevents encoder 
malfunction if any Input is shorted to supply, 
ground or open-circuited. The remaining 
channels will continue to be encoded except 
as noted above. This feature eliminates cata
strophic failures due to control pot open- or 
short-circuits. 
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The constant-current generator is a bidirec
tional current source whose current Is set by 
an external resistor RI. where: 

The current generator alternately charges 
and discharges the capacitor ~ui<. An inter
nal feedback loop maintains a constant cur
rent and very high output Impedance. This 
yields a typical linearity error of voltage input 
to pulse width output for the encoder of less 
than 0.1 %. An external capacitor. ~. Is re
quired to insure stability of the feedback loop. 

Two high gain comparators. C1 and 02. 
compare the voltage across CMUX with the 
multiplexer output voltage and the range input 
voltage. The input bias currents and offset 
voltages of these comparators are sufficiently 
low so as to not influence the overall accura
cy of the encoder. The comparators feed the 
counter control logic which in turn controls 
the counter and current generator. The oper
ation of this loop is as follows: When Ie Is 
positive (sourced from the current generator 
into CMUX> the capacitor linearly charges up 
until it reaches a voltage equal to the multi
plexer output voltage; assume this to be the 
voltage at Pin 1. V1. At this time the output of 
C1 goes high. which reverses the direction of 
Ie (sinking into current generator from ~uX>. 
~ux now linearly discherges until it reaches 
the voltage set on Pin 12. VRANGE. At this 
time the output of C2 goes high. which again 
reverses the polarity of Ie. clocks the counter. 
and triggers the output one-shot. ~ux again 
charges up but now C1 goes high when ~ux 
reaches V2. the voltage on Pin 2. The result
Ing voltage waveform on CMUX is a triangle 
wave whose positive paakscorrespond to the 
voltages on Pins 1 through 7 for the first 
through seventh peaks and whose negative 
peaks are constant and equal to VRANGE. 
This waveform Is shown in the first portion of 
Figure 1. 

Independent control of Ie and VRANGE allows 
the encoder to be tailored to virtually any 
combination of input voltage changes and 
output pulse width changes. The functional 
relationships between these variables will be 
defined in the next section. 

The frame generator controls the encoder 
frame time. It can operate as an astable or 
monostable multivibrator whose period Is 
0.66 X R~F' The encoder will generate a 
synchronizing pulse at the end of each frame. 
When ~ux reachas the sevanth positive 
peak it reverses and discharges to VRANGE. 
The counter is clocked to the state where Qo 
Is high when V~ux - VRANGE. CMUX again 
charges uP. but now the output of C1 Is 
ignored. due to Co being high. and charges 
up to VCLAMP and remains there. The enood-
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er will remain In this state until a pulse from 
the frame generator Is received. If RF and CF 
are connected as shown In the Block DIa
gram. then the frame generator operates in 
the astable mode. producing a narrow pulse 
output. This pulse allows CMUX to start dis
charging again. When ~UX reaches VRANGEo 
the counter Is clocked to the state where Ql 
is high (channel 1 i and the entire process 
starts over. The frame period In this mode is 
0.66 X R~F and Is referred to as the fixed
frame mode. The variable-frame mode will be 
discussed in the application section. 

The output one-shot generates a positive 
pulse whose width Is equal to RoCo- The 
output is an open-ooltector. NPN transistor 
capable of sinking 25mA. This configuration 
allows the encoder to drive a wide variety of 
RF stages as wall as providing current pulses 
In 2-wtre communications applications. 

ENCODER DESIGN EQUATIONS 
The triangular waveform on CMUX has a fIXed 
slope (constant current) and variable positive 
peak voltages. The time between the nega
tive peaks of CMUX. which Is equal to the 
output period for that channel. Is given by: 

2 (Vn - VRANGel ~UX 
In - Ie 

I.e Is given by: 

VR 
>Ie- 2RI' 

where VR - Referance Voltage. 

Additionally. Vn• the voltage on Pin n. which is 
the control voltage for Channel n. Is typically 
the wiper voltage on a pot connected be
tween VR and ground. Thus Vn - XnVR. 

VRANGE is also derived from VR so that 
VRANGE - V YR. The resulting channel time 
period is: 

2 (Xn-y)VR'CMUX 
In- (vRl2RI) 

lin - 4RI ~UX<Xn - Y) I 
Thus. each channel pulse width. In. is inde
pendent of supply voltage .and depends only 
on external passive components. 

The conversion rate. CR. for each channel is 
the change In output period. aln. divided by 
the change In Input voltage for that channel. 
aVn. 
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In most applications. the Input variable x" will 
have some neutral or center value about 
which it will vary. thus 

Xn-Xo+Xn. 
and 

Where Xc is the neutral value for X and is 
assumed to be the same for all n. Now 

If we let !NEUTRAL - 4RICMUX (Xc - Y) be the 
neutral value for In. then 

In -!NEUTRAL + 4RICMUX (x,,) 

Consider the· following example to see how 
these design equations are used. 

Assume: 

tNEUTRAL - 1.5ms 

Xc - 0.5 - Control pot In center at 

In -!NEUTRAL 

axn - ± 0.1 - Control pot resistance var
ies ± 10% (of total resistance) around neu
tral. This should include mechanical trim if 
used. 
aln-±0.5ms 

For this example. the conversion rate is 

aln 0.5ms 
CR------5ms ax" 0.1 • 

so 

4RICMUX - 5ms. 

If wa let CMUX - 0.047/.IF then 

5ms 
RI - - 26.5kO - 27kO 

4 X 0.047pF 

and 

!NEUTRAL - 1.5ms - 4RICMUX<Xo - Y) 

1.5ms 
V-0.5----0.2. 

5ms 

The output pulse width is given by 

to-RoCo 
so If to - 3301/8 and Co - 0.01/.IF than 

3301/8 
Ro----33kO 

0.01/.IF 
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The frame lime constant. IF. is given by 

IF - 0.66 R"<:F· 

20ms 
RF- -e2k 

0.66 X 0.47pF 

November 14. 1966 

Figure 2 shows the external connections for 
this example. 

II should be noted that the tampersture atsbIl· 
ity of all the encoded times depend on the 
temperature coefficients of the respective 
external Rc time constants. No Internal tam· 
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perature compensation Is used on the chip. 
The typical temperature senaltMty of In using 
wirewound resistors and polycarbonate ca· 
pacitors Is 1888 than 100ppm/'C In the -20'C 
Ie + 70'C temperature range. For the above 
example. this corresponds Ie a change in In 
of ± 7.5/AB for a change in temperature of 
±50·C. 

• 
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The encoder inputs have been designed to 
accept a wide variety of signal sources. This 
can range from simple systems using as an 
Input the wiper of a control pot which is 
connected between VR and ground, to com
plex systems incorporating mixing, exponen
tial procassing and/or control polarity revers
ing. In all cases, it must be remembered that 
the control inputs to the encoder lock like 
voltage-followers, that is, they draw only very 
small currents (>200nA). The voltage range 
for these inputs is + 1.5V to + 5V; however, 
intemal clamps limit the linear control to 
approximately + 1.5V to + 3.5V. These 
clamps prevent Interaction between channels 
If one Input is open-circuited or shorted to 
supply or ground. 

An example was worked out previously which 
utilized mechanical fine trim of the inputs 
(where the control pot body is rotated a small 
amount). In some applications, it Is desirable 
to implement this fine trim electrically with the 
use of an additional pot. Many methods exist 
to achieve this and two are shown below. 

In Figllre 1 the series resistors RT and Re are 
much larger than the control pots so as to 
minimize non-linearity errors, and the ratio of 
RT to Re controls the relative sensitivity of the 
control and trim pots. This scheme allows the 
control pot to be centered at neutral so 
polarity reversing can be achieved by revers
Ing VR and ground on the pots. 

The second approach, shown in Figure 2, is a 
simpler method for achieving electrical trim. 

( RT+XnRe ) 
Tn = 4RICMUX ----- y 

RT+RC 

CR = 4RICMUX ( __ 1 __ ) 
1 + RT/Re 

Interfacing the 5044 encoder to the modula
tor of an RF transistor can be done in several 
ways, depending on the desired output pow
er, frequency stability and oscillator leakage. 
The simplest method is to use the 5044 
output to directly modulate the bias current of 
a crystal-controlled oscillator. Figure 3 shows 
an example of such a connection. 

February 1987 

AN131 
Applications Using the NE5044 
Encoder 
Application Note 
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Figure 3_ Modulated Oscillator Output Slage RF Transmitter 
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Vee ANTENNA 

Figure 4. 5044 WIth High Perfonnance RF Transmitter 

In a high performance system, separate oscil· 
lator, modulator and RF output stages may be 
required. An example of such a circuit Is 
shown in Frgure 4. In some systems, it may 
be required to provide additional filtering be
tween the encoder output (Pin 11) and the RF 
modulator to comply with FCC regulations. 

In the previous section, a design example 
was given for a fixed·frame encoder (T F 
constant). In some applicetlons, it may be 
desirable to mak~ the frame time variable, 
allowing the synchronization pulse, which fol· 
lows the last channel, to remain constant 
The variable-frame mode simplifies the syn· 
chrcnizatlon pulse detector in the receiver 
since the pulse does not vary with the contrcl 
inputs. However, the variable frame time may 
complicate the design of the pulse stretchers 
in the servos. The 5044 can be operated as a 

February 1987 

variable-frame encoder by discharging the 
capacitor ~ each lime the output goes high. 
After the last output pulse, CF Is allowed to 
charge fully and the frame generator resets 
the encoder to channell. In this mode, the 
frame generator operates as a monostable 
multivibrator. Figure 5 shows the external 
connection. The sync pulse width (time be
tween the falling edge of the last output pulse 
and the rising edge of the lirat pulse) Is given 
by 

Is - 0.85 RM + RI~ux, 
So if a sync of 8ms is desired and 
CF=O.lIJF, then 

0.85 X 8ms-0.047IJF X 27kSl 
RF- ""39kSl. 

0.1/lF 

Some applications may require an RF bypass 
on each of the multiplexer inputs, depending 

8·13 

on PC board layout and the wiring between 
the contrcl pets and the board. If such is the 
case, a 0.001 /AF capacitor is sufficient. Pin 12 
may also require a bypass capacitor of 0.1 IJF. 

15 

OUTPUT 

NE5044 11 TO MODULATOR 

R. 
100kQ 

Figure 5. 5044 Varteble-Frame Encoder 
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Figure 1 shows an application for a multiplex 
AID conversion using the pulse position en
coder NE5044. In addition to its low cost per 
channel, the NE5044 has the following ad
vantagas: 
• By grounding unused channel inputs 

between 3 and 7, high Impedanca 
analog Inputs are available. 

• Because of the serial output, only one 
mlcroprocassor input Is required. 

AN1311 
Low Cost AjD Conversion 
Using the NE5044 
Application Note 

• The 25mA output permits direct 
connection of optical couplers for 
optical Isolation. 

• The encoder In the 16-pin dual in-line 
package operates between 5 and 16V, 
but only uses 13mA. 

• The non-linearity of the dual ramp 
conversion is between 0.1 and 0.3%. 

• A voltage regulator with 20mA capability 
Is on-chlp. 

• The seven analog inputs operate 
between approximately 1.5 and 3V with 
input currant of 200nA. 

• Open or short conditions, or connection 
to 5V are detectsd. 

• The pulse which is to be measured is 
connected to the Input T1 of the 
SCN8048. The instruction associated 
with this input, JUMP on NOT T1(JNT 
1) and JUMP on T1 are used to stsrt 
the 8-bit timer by using instruction stert 
T. The instruction MOVE A, T transfers 
the result. 

Figure 1. The 70Channei RC Encoder NE5044 has Various Advantages. The Serial Output of 7 Analog Values 
Is Achieved by Pulse Poeition Modulation Within a Frame of Typically 20ms. 

The Pul .. Widths Permit Procasslng Even With Slow MlcrocontroUere 
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V, y. v, V. V7 V_ r---~--~V~2~V~'~~r---~--~----------~---------, 

Vee 

VOUT To 

I---------FRAMERATI, T,------_--I 

Originally published as "AID - Umsetzer fOr 
Mikroconlroller." Klaus Petersen. EIIIsImnIIs. 
AprIl 19. 1985. Munich. Germany. 
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figure 2. The NE5044 Timing Dlllgram 
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DESCRIPTION 
The NE5045 is a serial input, parallel 
output, decoder intended for applica
tions in pulse width or pulse position 
modulation systems •. The serial input 
pulse, either positive or negative, is 
shaped and amplified before being fed 
to the counter/decoder. An integrating 
type sync. separator detects pulses 
greater than tw = RsCs. The amplified 
input pulse triggers an internal one-shot 
(minimum pulse) which in turn clocks the 
counter-decoder, thereby enhancing 
system noise rejection. A missing pulse 
detector resets the decoder during the 
sync. pause. An internal voltage regula
tor supplies power for the radio receiver, 
providing excellent isolation from the 
power supply as well as the decoder 
logic. 

FEATURES 
• Decodes up to 7 channels 
• High gain Input amplifier 
• Externally set sync. pause and 

minimum pulse 

BLOCK DIAGRAM 
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NE5045 
Seven-Channel RC Decoder 
Product Spec/flClltlon 

• Wide supply voltage range, 
3.6Y-8Y 

• Positive or negative pulse Inputs 
• Noise and nutter rejection 
• Outputs reset to zero without 

Inputs 
• Compatible with all transmission 

mediums 

APPLICATIONS 
• Radlo-controlled aircraft, cars, 

boats, trains 
• Industrial controllers 
• Remote-controlled entertainment 

systems 
• Security systems 
• Instrumentation recorders/ 

controls 
• Remote analog/digital data 

transmission 
• Automotive sensor systems 
• Robotics 
• Telemetry 
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Seven-Channel RC Decoder NE5045 

ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

16-Pin Plastic so o to +70·C NE5045D 

16-Pin Plastic DIP o to +70·C NE5045N 

ABSOLUTE MAXIMUM RATINGS1 

SYMBOL PARAMETER RATING UNIT 

Vee SUpply voltage 10 V 

lOUT Regulator output current -25 mA 

Decoded output current ±5 mA 

Pause input voltage o to VR V 

VIN Input amplifier voltage o to VR V 

TA Operating temperature o to +70 ·C 

TSTG Storage temperature -65 to +150 ·C 

NOTE: 
1. T A - 2S·C unless otherwiae stated. 

DC ELECTRICAL CHARACTERISTICS Standard conditions: TA = 25·C. Vee = 5.0V. unless otherwise stated. using Test 
Circuit. 

LIMITS 
SYMBOL PARAMETER TEST CONDmONS UNIT 

Min Typ Max 

Power supply requirements 

Vee Power supply voltage range Test circuit 3.6 B.O V 

lee Power supply current Excluding input bias current 9.0 14.0 mA 

Voltage regulator 

VR Output voltage 3.7 4.1 4.5 V 

IR Output current VR;;"3.7V -15 mA 

Line regulation Vee-6V to BV 0.01 0.05 VIV 

Voltage drop Vee- 4V• IR--l0mA 1.3 V 

Input amplifier 

IBIAS Input bias current 10 100 nA 

VIN Input voltage range 2.0 4.0 V 

Open-loop gain 60 dB 

Feedback current 100 200 400 pA 

Oetecticn threshold Test circuit • .o.V12 & 13 B 20 mV 

1$ Sync. pause time Rs Cs-6.0ms 5.1 6.0 6.9 ms 

tM Minimum pulse tima RM CM-500j.lS 405 475 545 j.IS 

OUtputs - an channa/s 

VOL Output voltage LOW ISINK-lmA 0.25 0.5 V 

VOH Output voltage HIGH IsouRCE - 2mA 2.7 V 

November 14. 19BB 8-17 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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TEST CIRCUIT 
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CIRCUIT OPERATION 
The NE5045 is a serial input, parallel output 
decoder containing all the active circuitry 
necessary to separate up to 7 channels of 
information in a pulse width modulated sys
tem. An internal voltage regulator provides 
excellent power supply rejection for the de
coder as well as a regulated output for a radio 
receiver, if used. 

The high gain input amplifier, A1 (Av > SOdB), 
allows either positive or negative pulses to be 
used and has input bias currents less than 
10nA. Signals as low as 10mVp.p can easily 
be demodulated. The feedback current gen
erator can be used to provide positive feed
back, thereby creating hysteresis in the input 
switching levels. Hysteresis prevents false 
triggering due to lioise or IF amplifier distor
tion. If positive input pulses are used, the 
signal would be connected to the non-invert
ing input, Pin 13. In this case, the input 
threshold wouid be sat by the voltage differ
ence between Pin 12 and Pin 13, established 
externally with a resistive divider network. 
Design of the divider will be covered later. 
Negative input signals would be coupled to 
Pin 12, the inverting input 

The amplified signal from A1 is gated by G1 
and in turn sets the flip-flop. Assume, for the 
lime, that G2 is low. The combination of the 
flip-flop and One-Shot 1 produces a minimum 
pulse to clock the counter-decoder for each 
poSitive edge at Pin 13 which exceeds the 
voltage on Pin 12. The width of this pulse is: 
tM - RM~' With this arrangement, the sys
tem will not respond to any pulse after the 
first edge and before the end of tM' In effect 
the input is turned off for a period squalto 1M 
following the leading edge of each input 
pulse. The noise immunity of the decoder is 
thus enhanced by the ratio of tM to the period 
between input pulses. Obviously 1M must be 
less than the shortest period between input 
pulses. 

The counter is clocked and One-5hot 2 is 
resat (capacitor Cs is discharged) each time 
the flip-flop is set. When the flip-flop is reset, 
Cs begins to charge up through Rs. The time 
constant Is = 0.85 RsCs is normally much 
larger than the time between input pulses so 
that the output of One-5hot 2 remains low 
until the last pulse of a given frame is 
received. Figure 1 shows the liming diagram 
for the decoder. After the last pulse in a frame 
(system synchronized) 00 will go low and G2 
will go high. The input is now disabled by G1 
until One-Shot 2 times out, at which time G2 
will go low. 

This connection serves two purposes: 

(2) prevents the counter-decoder from over
flowing due to extra noise pulses in a given 
frame. Thus, any noise pulses in a frame will 
only affect those channels after that pulse 
and only in that frame. 

If fewer than 7 channels of input are used 
then tio is high after the last pulse and the 
counter-decoder is reset when One-Shot 2 
goes high. 

Each channel has a totem-pole output stage 
capable of sourcing 2mA and sinking 1 mAo 

The voltage regulator operates in two modes, 
depending on the power supply voltage. If 
Vee is greater than 5V, the voltage regulator 
acts as a series pass regulator with a nominal 
output voltage of 4.1V. When Vee is less than 
5V, the regulator acts as a dynamic decoupler 
where the bypass capacitor on Pin 14 filters 
out line transients. The internal pass transis
tor acts like an emitter-follower whose base is 
decoupled by the bypass capacitor. The value 
of capacitance will depend upon the degree 
of smoothing required and the amplitude of 
the line transients. If the regulator provides 
power for the radio receiver, this capacitor 
may have to be as large as 33~. However, if 
this is not done, 1 ~ should be sufficient. 

DECODER DESIGN EQUATIONS 
The design of the decoder's external circuitry 
Is quite simple. The minimum pulse One-Shot 
( " 1) and the synchronization One-5hot (" 2) 
each have time periods given by: 

tM - RMCM I and 

Is - 0.85 RsCs 

respectively. The constraints on these time 
periods are 1M < the minimum input pulse 
width or time between leading edges of the 
input and Is > maximum input pulse width but 
Is < the sync pause (time between last pulse 

.". 

>--l ., .3 
v. ., ., 
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in frame and first pulse of the following 
frame). 

The design of the input amplifier biasing 
network depends upon a number of factors. 
including: 
1. Pulse polarity 
2. Pulse amplitude 
3. Variations in amplitude and noise 
4. Detection threshold and hysteresis levels 

For a very simple case, assume the input is a 
positive pulse train and the threshold of 
datection is desired to be 400mV without 
hystereSiS. Figure 2 shows the input amplifier 
along With the associated biasing circuits. The 
resistors Rl and R2 sat the voitage on Pin 12, 
which should be between 2V to 5V. 

The threshold is set by the voltage drop 
across Rs, that is. the decoder will not be 
triggered until the voltage on Pin 13 exceeds 
the voltage on Pin 12. 

VTHRESHOLD - V12 - VIS 

VTHRESHOLD - V 12 (1 + ~,vRs ) 
If we assume VR = 4.1V and let V12 - 3V 
then 

Rl - Uk 

R2=3.0k 

The threshold is then set to 400mV by setting 

R,v-Rs - 6.5 
R4 should be Sufficiently large so as to not 

load the input signal. If we let Rs - 51 k then 
R4 - 330k. Figure 3 shows the external con
nections for a complete decoder. Note that 
this circuit does not have provisions for noise 
filtering or rejection of amplitude variations. 

" 
" 

TCIH70S (1) establishes synchronization in no more 
than one frame and 

Figure 2. Input Amplffler Biasing NE5045 
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Figure 3. NE5045 Decoder Externel Connections: 1M = O.68ms; Is = 4ms, VTHRESHOLD = 400mV 
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DECODER APPLICATIONS 
In most applications, the decoder Input will be 
derived from the decoder of a redlo receiver 
and will have the following characteristics: 

1. Contain thermal noise at low levels 
2. Will vary in level depending on RF signal 

strength and may contain flutter 

The thermal noise can be filtered with a 
simple RC circuit. This filter should have a 
cut-off frequency of about 3kHz which Is 
approximately the bandwidth of the receiver 
IF amplifier. A lower cut-off frequency would 
limit the information rate and resolution of the 
system. Figure 1 shows the external connec
tions for the decoder Input amplifier in which 
the abovementioned conditions are handled. 
Diodes 01 and 02 charge the 1 ¢' coupling 
capacitor to the peak input voltage minus the 
fixed voltage at Pin 12 and the diode drops. 
02 also clamps the input signal reaching AI. 
The 0.2pF capacitor forms a filter which 
allows the amplitude of the input to vary over 
a wide range and at high rates (as a result of 
RF flutter in the receiver) without false-trig
gering the decoder. When flutter occurs, the 
baseline of the positive input pulses varies as 
shown in Figure 2. The 0.2¢' charges up to 
the average baseline voltage but the 10k 
resistor does not allow it to be charged by the 
information pulses. Thus, so long as the pulse 
peaks exceed the baseline voltage by greater 
than the drop across diode 02, the system will 
be unaffected by baseline flutter no matter 
what Its rate is. 

Positive feedback has also been incorporated 
in the connection of Figure 1 to provide 
100mV of hysteresis on the threshold. When 
the input (Pin 13) is low, the current generator 
is off and Pin 11 Is near ground. However, 
when Pin 13 goes positive, the current gener
ator turns on and approximately 150pA Is 
sourced. This raises Pin 11 by 
150pA x 4.7kn - 0.7V. The threshold is now 
given by 

VTHRESHOU> (ONI = V12 - V13 

""(V12- V11) (1 +~4/R3) 
",,(3-0.7) (1 +33~k/51k) 
=0.3V 

So the threshold has been reduced by 100mV 
or the amplifier will not tum off until the input 
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Applications Using the NE5045 
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drops below 0.3V. A low pass filter is also 
used in the circuit of Figure 1. The 5.6kn and 
O.OlpF form a 2.8kHz low pass filter to 
improve the noise rejection characteristics of 
the detector. 

A particular application of the NE5045 may 
not require all the components shown in 
Figure 1, however this circuit demonstrates all 
the features of the decoder which may be 
utilized. 

Figure 3 shows a decoder connected for 
negative input pulses without hysteresis or 
flutter rejection. In this case, V13 Is set to 3V 
and V12 is set to 3V + VTHRESHOLD. 

If VTHRESHOLD = 0.4V 

VA-V12 4.1-3.4 

R4 - VTHASSHOLD/51k - 0.4/51k 

- 89kn "" 91 kn. 

TC09901S 

Figure 1. NE5045 Decoder Input Circuit With Flutter and Noise Filtering 

Figure 2. Input Signal With Fast Flutter 

D 

INPUT >-It---t--t'w.~~-=-I 
NEGATIVE 1,F 

PULSE 

Figure 3. NE5045 Decoder With Negative Pulse Input 
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INTRODUCTION 
With the rapid expansion of microprocessors 
and home computers into virtually all areas of 
modern life, there is an increasing need for 
methods of communication between comput
ers and remote devices. Communication is 
usually accomplished by parallel digHal data 
transfer and digital! analog conversion. This 
method is used in the case of most stationary 
computer peripheral devices. For movable 
peripheral equipment, or when communica
tion has to cover larger distances, various 
forms of serial data concepts are used. The 
choice of a particular serial data bus system 
depends on cost/performance tradeoffs and 
possible requirements for coding and proto
col standardization. In a digital system, a 
serial message unit typically consists of a 
byte of serial digital data plus additional bits 
for addressing, synchronization, and for other 
required system management functions. 

In consumer applications, where low cost is 
an important factor, mixed digital and analog 
encoding methods can offer significant ad
vantages over other serial encoding methods. 
The digital proportional system described 
here uses pulse-position modulation for serial 
data transfer. In contrast to pure digital en
coding, where one message block (or frame) 
contains one byte of data, the digital propor
tional system packs several bytes of data Into 
one frame. This is possible because the 
information is encoded in the form of pulse 
position. 

This application note will first make a brief 
comparison of data transfer methods to show 
where the PPM transmission concept is ad
vantageous. Then it will describe the control 
system that was implemented with recently 
developed integrated circuits. Next, it will 
explain the computer interface hardware and 
software, and, finally, it will use a robotics 
application as an example to point out the 
various features and the flexibility of the 
system. 
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Table 1. Comparison of Data Transfer Methods 

TYPICAL PERFORMANCE 
TYPE ENCODING APPLICATION 

Accuracy Speed 

Digital bus Parallel 8-1 16-bit 1 Mbaud Computer peripherals 
data 

Asynchronous or Serial data 8-bit 300-1200 Data communication 
synchronous bus baud Computer peripherals 

Robotics 
Serial ports (RS-232) 
Telephone modems 

Computer network Serial data 8-/16-bit 1 Mbaud Computer 
Communications 

Digital proportional Serial PPM 8-bit 3500baud Consumer 
bus 

OVERVIEW OF THE CONTROL 
SYSTEM DATA BUSES 
A comparison of various data transfer meth
ods is shown in Table 1. The first three 
methods are purely digital and are mostly 
used for commercial data bus systems and 
for computer networks. The most common 
type of communication wHh a computer, be
sides the keyboard, is the standard parallel 
bus used to connect to peripheral equipment. 
It usually has 8 or 18 bHs and typical mega
baud transfer rates. For serial data transfer, 
asynchronous or synchronous data communi
cation is used. Most common formats use 8 
bits with modems operating at 300 to 
1200baud. This is the standard method of 
serial communication used for peripherals, 
robotics, instrumentation ports, and tele
phone modems. The third method uses more 
sophisticated serial data computer networks. 
These networks, which are presently widely 
discussed in the industry, are high-perfor
mance buses with megabaud rates. They are 
intended for commercial computer communi
cation, but not for low cost consumer applica
tions. 

The digital proportional bus uses pulse-posi
tion modulation for serial data transfer. It 
typically has 8-bit accuracy, with a speed of 
up to 3500baud. The serial bus is intended for 
low cost and medium-performance consumer 
applications such as home control, robotics, 
hobby, and educational uses. It Is also used in 
consumer telemetry applications such as ra
dio control. In contrast to the other buses in 
this table, the proportional bus uses mixed 
analog and digital encoding methods, which 
result in simple and compact hardware. The 
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Home control 
Robotics 

pulse positions are proportional to analog 
input voltages. The concept also lends itself 
to either amplitude or frequency modulation 
for remote control. 

Other consumer-oriented serial buses be
longing to this category are the D2B and 12C 
small area network serial buses developed by 
Philips4. These buses are digital encoding 
methods. 

DIGITAL PROPORTIONAL 
ENCODING 
A comparison between digital proportional 
and pure digital encoding methods is shown 
in Figure 1. Here one frame of digital data and 
digital proportional data are compared. The 
serial digital frame shown in the left part of 
the figure consists of one data byte plus 
additional bits for frame management. This 
format may vary when different standards are 
used. In contrast to this, a frame in a digital 
proportional system contains several bytes of 
data. This is because, with pulse-position 
coding, the data is represented by the time 
interval between pulses. In this case, a frame 
has 8 pulses and 7 bytes of data. In digitized 
form, each byte is 8-bit accurate. Notice that 
both systems have the amplitude noisa immu
nity offered by digital encoding. One addition
al advantage of pulse-position coding is the 
fact that the analog voltage can be retrieved 
relatively easily anywhere in the system. 

The pulse-position encoding process, which 
results in the pulse train shown in the figure, 
can be achieved using mixed digital and 
analog methods. Combined with a multiplex-

• 
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• 1 FRAME IS 1 BYTE 

• NO ANALOG VOLTAGE AVAILABLE 
• 300-1200 BITS PER SECONO 

IDLE 4-DATA ByTE ..... 04-BYTE ••• 

tllllllilit lIT 
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• 1 fRAME IS 7 BYTES 
• ANALOG VOLTAGE IS AVAILABLE 
• 3500 BITS PER SECONO 
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Figure 1_ Comparison of Serial DigItal Tranamlaalon and DigItal 

Proportional TransmIssion 

ANALOG PARALLEL 
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CHANNEL 1 ___ 

Et~' CHANNEL 2_ MULTI· 
HENCOOER 

SERIAL PPM CH 2 
PLEXER ••• - DECODER • . JUUUL : 

CHANNEL 7 ___ CH7 

OD096'" 
FIgure 2. Standard MultIplexed Analog ProportIonal System 

er, the standard serial data system is shown 
in Figure 2. Here seven parallel analog inputs 
are multiplexed and thus serialized. The 
pulse·position encoded pulses are transmit
ted to a decoder. The decoder converts the 
serial pulses into parallel pulse-width modu
lated outputs. 

COMPUTER-CONTROLLED 
DIGITAL PROPORTIONAL 
CONTROL SYSTEM 
If this bus is combined with a home computer 
or microprocessor, a complete serial data 
system Is obtained as shown in Figure 3. 
First, digital information from the home com
puter is encoded in pulse position. The en
coded information is transmitted over an RF 
link In this case. Other transmission methods 
such as wire, carrier current, fiber optics, or 
Infrared can also be used. The signal is then 
detected, demultiplexed, and used for motion 
control functions, typically with a servomotor 
as shown. A return path for sense channel 
data, shown in the lower portion of the figure, 
uses the same encoding method but a differ
ent RF frequency. On the receiving end, pulse 
Information is converted directly to the 8-bit 
digital form and fed back to the computer. 
The sensor data can then be processed to 
make control decisions. This means, with the 
system as shown here, all the elements of a 
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computer remote-controlled system are pres
ent. The following section describes the build
ing blocks required to implement this system. 

IC BUILDING BLOCKS 

Encoder 

Encoder CIrcuit Operation 
The digital-to-pulse encoder block diagram is 
shown in Figure 4. The encoder uses an 8-blt 
01 A converter and an analog-to-pulse-posi
tion converter. The encoder is a parallel 
input-serial output IC containing all the active 
Circuitry necessary to generate a precise 
pulse-position modulated signal with seven 
channels. A multiplexed dual linear ramp 
technique is used to provide excellent lineari
ty, minimal crosstalk, and low temperature 
drift. An on-chip 5V regulator, VREF, elimi
nates power supply sensitivities and has up to 
20mA current capability for driving external 
loads such as the RF transmitter. The encod
er can be used in the fIXed-frame mode, or, 
with the addition of one external NPN transis
tor, in the variable-frame mode. 

The encoder inputs are either digital (i.e., 
inputs from the Do, 01, ... , D7 computer I/O 
data lines), or multiplexed analog (i.e., inputs 
from the CHI, CH2, . • • , CH7 manual 
controls). The 8-bit parallel data from the 
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computer I/O bus Is converted Into analog 
voltage, VA, by the 01 A converter. The manu
al inputs are usually joysticks. Each joystick 
presents an analog voltage to ·one of the 
multiplexer inputs. The analog multiplexer 
output voltage is VA. Each channel has an 
input selector switch. The two input choices 
are either the computer mode (i.e., input from 
the 01 A converter), or the manual mode (i.e., 
input from the analog multiplexed joysticks). 

The multiplexer functions as a strobed volt
age follower. Each multiplexer input, when 
active, is high impedance, and transfers the 
selected input voitage to the multiplexer out
put. The high-impedance multiplexer inputs 
eliminate the loading of the control inputs. 
This simplifies the mixing circuits where sev
eral control voltages may be mixed into one 
input. 

The variable analog voltage, VA, resulting 
either from the 01 A conversion or from the 
analog multiplexer, is used to set the thresh
old of a comparator. VA minimum ~ 2V corre
sponds to 0, i.e., all lines ~ 0 on the 8-bit data 
bus, and VA maximum = 3V corresponds to 
256 - 1 = 255, i.e., all lines ~ 1 on the 8-bit 
data bus. The joystick range is also 2V to 3V • 

Pulse-position timing is generated by alter
nately charging and discharging the CMUX 
capacitor between two thresholds. The bot
tom threshold voltage is fixed at VRANGE 
- tV. The peak threshold voltage, VA, de
fines each channel timing. The constant cur
rent generator, Ie, is a bidirectional current 
source whose current is set by an external 
resistor, RI, where: 

An internal feedback loop maintains a con
stant current and vary high output impedance. 
This yields a typical voltage-ta-PPM encoder 
linearity error of less than 0.1 %. An external 
capacitor, ~, is required to ensure stability of 
the feedback loop. Independent control of Ie 
and VRANGE allows the encoder to be tailored 
to virtually any combination of input voltage 
change and output pulse width change. 

Two high-gain comparators, Cl and C2, com
pare the voltage across CMUX with the multi
plexer or the 01 A output voltage, VA, and with 
the range input voltage, VRANGE. The input 
bias currents and offset voltages of these 
comparators are sufficiently low so as not to 
Influence the overall accuracy of the encoder. 
The comparators feed the counter control 
logic, which counts the channels and controls 
the current source. The logic also controls 
two monostables that generate the frame 
timing and the output pulse timing. The logic 
operates as a loop: when Ie is positive 
(sourced from the current generator into 
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Figure 3. Block Diagram of the Analog/Digital Proportional Control System for 

Home Computer Applications 
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Figure 4. Block Diagram of the Analog/Dlgltal·to·Pulle POlltlon Encoder 

~uxl, the capacitor linearly charges up until 
it reaches a peak voltage, VA. VA is equal to 
the multiplexed output voltage for CH1, or the 
0/ A output voltage for the first data byte. 
Assume this to be the voltage for channel 1, 
Vl. At this time the C1 comparator output 
goes High, which reverses the direction of Ie. 
Ie is then negative, sinking current into the 
generator from CMUX. CMUX then linearly 
discharges until it reaches the bottom thresh· 
old voltage set by VRANGE. At that time the 
C2 comparator output goes High. This again 
reverses the polarity of Ie, clocks the counter, 
and triggers once the channel pulse genera
tor. CMUX again charges up, but then the C1 
comperator output goes High when ~ux 
reaches V2, with the voltage on CH2. The 
resulting voltage wavefonn on CMUX is a 
triangle wave whose positive peaks corre
spond to the VA voltages on CH1 through 
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CH7 (or to the 7 byte 01 A input sequence), 
and whose negative peaks are constant and 
equal to VRANGE. This waveform is shown in 
Figure 5. 

Internal voltage clamping is used to prevent 
encoder malfunction if any input is shorted to 
supply, is grounded, or is open-circuited. This 
feature eliminates catastrophic failures due to 
opens or shorts in the control joystick potenti
ometers. 

The frame pulse generator can operate as an 
astable or monostable multivibrator whose 
period Is O.66RF CF. The encoder wili gener
ate a synchronizing pulse at the end of each 
frame. When VCMUX reaches the seventh 
positive peak, it reverses and discharges to 
VRANGE· When VCMUX = VRANGE, the counter 
is clocked to the state where CMUX again 
charges up, but the output of the C1 compar-
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ator is ignored and CMUX charges up to 
VCLAMP and remains there, as shown in 
Figure 5. The encoder wili remain in this state 
until a positive pulse from the frame genera
tor is received. If RF and CF are connected as 
shown in Figure 4, the frame generator oper
ates in the astable-multivibrator mode. It pro
duces a narrow positive pulse output. This 
pulse allows CMUX to start discharging again. 
When VCMUX reaches VRANGE, the counter is 
clocked to the state where the entire process 
starts over from channel 1. The frame period 
in this astable mode is referred to as the 
fixed-frame mode and as T FRAME in Figure 5. 
The variable-frame mode, or the monostable
multivibrator mode, is discussed later. 

The output of the channel pulse generator is 
a positive pulse width equal to O.85Ro Co. 
The output stage is an open-collector NPN 
transistor capable of sinking 25mA. This con
figuration allows the encoder to drive a wide 
variety of RF stages and provides current 
pulses in 2-wire communication applications. 

Encoder Design Equations 
The triangular waveform on CMUX has a fixed 
voltage slope (constant-current charging) and 
variable positive peak voltages. The time 
between the negative peaks of VCMUX, equal 
to the output period for that channel, is given 
by: 

_2(:...V.:.:N_-_V..cRA::..:N:.::G:::E::.)C...:M:::U:;:X 
tN= Ie 

VN, the voltage on channel N, is either the 
wiper voltage on a joystick potentiometer 
connected between VREF and ground, or the 
01 A output voltage, VA. Thus VN = XN VREF. 

VRANGE is also derived from VREF so that 
VRANGE = Y VREF. The resulting channel time 
period is: 

2(XN - Y)VRE~MUX 
tN = (VREF/2R1) 

tN m 4RI(XN - Y)CMUX 

Thus, each channel pulse width, tN, is inde
pendent of supply voltage and depends only 
on external passive components. 

The conversion rate, CR, for each channel is 
the change in output period, dIN, divided by 
the change in input voltage for that channel, 
dVN· 

CR=dtN/dVN 

~ (1IVREF) (dlN/dXN) 

~ 4RI CMuxlVREF 

In most applications, the input variable XN will 
have a neutral, or center, value about which it 
will vary, thus: 

XN-Xo+XN 

• 
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and 

CR = (lIVREF) (dtN/dXN) - 4RI ~UXIVREF 

where Xc is the neutral value for X and is 
assumed to be the same for all N. Now: 

tN - 4(Xc - Y + l<N)RI CMUX 

If we let: 

tNEUTRAL = 4(Xo - Y)RI CMUX 

be the neutral value for tN, then: 

tN -!NEUTRAL + 4XN RI CMUX 

It should be noted that the temperature stabil
ity of all the encoded times depends on the 
temperature coefficients of the respective 
external RC time constants. The typical tem
perature sensitivity of tN using wire-wound 
resistors and polycarbonate capacitors Is less 
than 100ppm/·C in the -20·C to + 70·C 
temperature range. For the above example, 
this corresponds to a change In tN of ± 7.S11S 
for a change in temperature of ± SO·C. 

Interfacing the encoder to the modulator of 
an RF transmitter can be done in several 
ways depending on the desired output power, 
frequency stability, and oscillator leskage. 
The simplest method is to use the PPM 
output to modulate directly the bias current of 
a crystal-controlled oscillator. In a higll-per
formance system, separate oscillator, modu
lator, and RF output stages may be required. 
In some systems, it may be required to 
provide additional filtering between the PPM 
encoder and the RF modulator to comply with 
FCC regulations. Additional filtering may also 
be required in computer-controlled systems, 
where RF transmission can cause interfer
ence between channel pulses and frame 
pulses. 

Encoder Applications 
The encoder inputs have basn designed to 
accept a wide variety of signal sources. This 
can range from simple systems using as an 
input the wiper of a control pot, which· is 
connected between VREF and ground, to 
complex systems incorporating mixing, exp0-
nential processing, and/or control polarity 
reversing. In all cases it must be remembered 
that the control inputs to the encoder look like 
voltage-followers; that is, they draw only very 
small currents (less than 200nA). The voltage 
range for these inputs is + 1.SV to + 5V; 
however, internal clamps limit the linesr con
trol to approximately + 1.SV to + S.SV. Chan
nels 4, S, 6, and 7 analog inputs may be used 
to select the desired number of output pulses 
by grounding one of these inputs. That Is, by 
grounding CH4 input, only the first three 
inputs of the encoder will be used and a 
three-channel encoder results. Grounding 
CHS input results in a four-channel encoder 
and so on. Thus, any number of channels 
between S and 7 may be selected. The 
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Figure 5. Encoding System Timing Diagram 

selected channels will continue to be PPM 
encoded. 

In the fixed-frame mode, the frame generator 
functions as an astable multivibrator. In this 
mode, the total seven-channel time width is 
included in tFRAME and the synchronization 
pause is the time difference between the 
seven·channel time width and !FRAME. In 
some applications, it may be desirable to 
allow the synchronization pause, which fol
lows the last channel, to have constant dura
tion. The variable-frame mode simplifies the 
synchronization pulSe detector in the receiv
er, since the total seven-channel time width is 
before !FRAME, and the frame pulse generator 
operates as a monostable multivibrator. Here 
the synchronization pause is equal to 
TFRAME. However, the variable-frame mode 
may complicate the design of the pulse 
stretchers in the servos. The encoder can be 
operated as a variable-frame encoder by 
discharging the CF capacitor each time the 
channel pulse output goes High. After the last 
channel-end output pulse, CF Is allowed to 
charge fully and the frame generator resets 
the encoder to channel one. 

Decoder 

Decoder Block Diagram 
Figure a shows the block diagram of the 
decoder. To decode the PPM signal, a serial
to-parallel conversion is required. The decod
er separates up to seven channels of serial 
information into pulse-width modulated out
puts. An on-chlp voltage regulator, VR, pro
vides power supply rejection for the decoder 
as well as a regulated output for a radio 
receiver If used. 
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The serial PPM train, after RF detection, is 
fed into the decoder logic. The channel 
counter, the gates G 1, G2, GS, and the flip
flop, make up the serial-to-parallel decoder. 
The channel counter is a 3-stage Johnson 
counter. The pulse-generator monostable 
provides noise immunity by blanking the input 
for a fIXed time period. The synchronization 
pause-detector is required to separate suc
cessive frames and to initiate the channel 
count sequence. If a channel is lost due to 
interference, the system will synchronize 
again with the next frame without Interruption 
of data. The output from the decoder is a 
parallel sst of pulses. The width of these 
pulses represents the information for the 
control channels. 

Decoder Circuit Operation 
The high-gain input amplifier, Av = aOdB, al
lows either positive or negative pulses to be 
used and has Input bias currents less than 
10nA. Signals as low as 20mVp_p can be 
demodulated. The current generator, IF, can 
be used to provide positive feedback, thereby 
creating hysteresis in the input switching 
levels. Hysteresis prevents false triggering 
due to noise or distortion. If pOSitive input 
pulses are used, the signal is connected to 
the amplifier non-inverting input. In this case, 
the input threshold is set by the voltage 
difference between the amplifier input pins, 
established externally with a resistive divider 
network. Negative input signals are coupled 
to the amplifier inverting input. Each positive 
edge at the amplifier non-inverting input ex
ceeding the voltage at the amplifier inverting 
input produces an output signal. 

The amplifier output signal, gated by G1, sets 
the flip-flop. Assume, for the time. that G2 is 
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Low. The flip-flop setting and the pulse gener
ator monostable produce a minimum pulse 
that clocks the counter. The width of this 
pulse is 1M - 0.66RM CM. With this arrange
ment, the system will not respond to any next 
pulse after the present pulse rising edge and 
before the end of tM. In effect, the input is 
tumed off for a period equal to tM following 
the leading edge of each input pulse. The 
noise immunity of the decoder is thus en
hanced by the ratio of tM to the period 
between input pulses, tN. 

The channel counter is clocked each time the 
flip-flop is set, and the sync pause detector 
monostable Is reset (capacitor Cs is dis
charged). The sync pause is the time be
tween the last channel pulse in a frame and 
the first channel pulse of the following frame. 
When the flip-flop is reset, Cs begins to 
charge up through Rs. The time constant 
ts - 0.66Rs Cs is normally much larger than 
the time between input pulses, so the output 
of the pause detector remains Low until the 
lest pulse of a given frame is received. 

00 will go Low and G2 will go High in a 
synchronized-frame system after the last 
channel-end pulse in a frame. Gate Gl disa
bles the decoder input until the pause detec
tor monostable times out; at that time G2 will 
go Low. This serves two purposes; 

1. Establishes synchronization in no more 
than one frame. 

2. Prevents the channel counter from 
overflowing due to extra noise pulses in 
a given frame. 

Thus, any noise pulses in a frame will only 
affect the consecutive channels after the 
present channel, and only in the present 
frame. If fewer than 7 input channels are 
used, 00 goes High after the last channel-end 
pulse and the channel counter is reset when 
the pause detector monostable goes High. 
Each channel has a totem-pole output stage 
capable of sourcing 2mA and sinking 1 mAo 

Decoder Design Equations 
The minimum pulse generator and the syn
chronization pause detector each have time 
periods given by: 

1M - O.66RM CM 
ts = O.66Rs Cs 

respectively. The constraints on these time 
periods are: 

1M smaller than the minimum time width 
between consecutive leading edges of the 
serisI PPM input; INMIN = 1 ms in the pres
ent robotics application. 

ts greater than the maximum input pulse 
width; tNMAX = 2ms in the robotics applica
tion. 

ts smaller than the sync pause. 
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Figure 6. Block Diagram of the Pulse Position Decoder 

Servo Amplifier 
Servo Amplifier Block Diagram and 
Circuit Operation 
The control servo could be considered the 
workhorse of the remote-control system, 
since its function is to translate the pulse 
information into a usable mechanical form. A 
block diagram of the servo control IC is 
shown in Figure 7. This IC is used to convert 
the pulse-width information into the poSition 
of a control surface. 

The input pulse width is nominally 15ms for 
the zero poSition. It is amplified and directed 
to a pulse comparator. The leading edge of 
the input pulse is used to trigger an internal 
feedback pulse whose length is proporticnal 
to the pOsition of the servo control arm. 

The width of the input pulse is compared to 
the width of the internal pulse in the pulse 
comparator circuit, and the difference, called 
the error pulse, is fed to a pulse-stretcher and 
Schmitt-trigger circuit. At the same time, the 
polarity information resulting from the pulse 
comparison is stored in a directional flip-flop. 
This polarity information is then gated by the 
Schmitt-trigger output for a length of time 
which is proportional to the error pulse. The 
gate output actuates a bidirectional motor 
drive circuit so that the servo motor can be 
driven in either direction with an amount of 
drive proportional to the error in the servo 
position. The position is sensed with a feed
back potentiometer wiper thet is mechanically 
coupled to the control surface. 

The dynamic behavior of the servo can be 
adjusted by externally setting the pulse
stretcher gain and the deadband. The circuit, 
shown in Figure 7, converts pulse width to 
position. 
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A similar circuit can be used to convert pulse 
width to analog voltage. This is shown in 
Figure 6. In that case, the output pulse is 
simply integrated and its DC value is fed back 
to control the timing of the monostable multi
vibrator. The feedback is negative, and the 
OUtput voltage adjusts to a value proportional 
to the input pulse. This circuit can be used, for 
example, W analog information such as volt
age or current is used or displayed directly 
without digital processing. 

Servo Amplifier TIming 
For the servo amplifier in Figure 7, a mono
stable multivibrator was developed that can 
be used in the linear or in the exponential 
charge mode. The leading edge of the input 
pulse starts the process. 

In the linear mode, a constant-current source, 
IT, charges up the Cr capacitor. The charging 
is linear and the Cr voltage versus time is a 
ramp. When the ramp voltage reaches the 
comparator threshold voltage, VTH, the timing 
cycle stops. The threshold voltage, VTH, is 
the negative feedback voltage. The length of 
the timing cycle for an ideal circuit is given in 
the following equation: 

t- VTH CrIlT 
The sources of timing error are: the offset 
voltage and the bias current of the compara
tor, the seturation resistance of the internal 
transistor that resets Cr, and the errors in the 
charging current, IT. These errors can be kept 
to less than 0.4% by proper component 
design, proper process design, and matched 
component layout. The IT current source can 
be programmed by the RT resistor, from Pin 2 
to ground. This adds flexibility since the seme 
time constant can be obtained with a range of 
different capacitance and current values. 

I 
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Figure 7. Servo Amplifier Block Diagram and Pulse Wldth-to·Positlon Conversion 
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Figure 8. Servo Amplifier and Pulse Wldth·to-Analog Voltage Conversion 

This flexibility also permits the use of the 
circuit in the exponential charge mode
which might be desirable for low·cost applica
tions. In the exponential charge mode, the RT 
resistor is connected from VAEF to Pin 1 (see 
Figure 7). The RT resistor is charging up the 
Or capacitor at Pin 1. The exponential timing 
response is given by the following equation: 

t - RTOr In VAEF 
VAEF-VTH 

Otherwise, the circuit function is similar to 
that of the linear mode. 

The remaining resistors and capacitors, 
shown externally to the servo amplifier IC in 
Figure 7, determine the relationship between 
the error pulse and the output pulse. This 
permltlng adjustment of the system's dynamic 
performance for a variety of servo motors and 
mechanical components. 
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HOME COMPUTER INTERFACE 
Interface Requirements and 
Hardware 
This, section examines how the encoder sys
tem interfaces to the computer. The encoder 
Interfaces directly with the internal data bus 
of a home computer by using the peripheral 
I/O port as shown In Figure 9. Besides the 8-
bit bidirectional data lines, Do and Dr, four 
other control lines are required to communi
cate with the computer. These are: two ad
dress lines, Ao and A1, a i5eViC8 select line, 
and a Phase Zero Clock line. Ao. Aj, and 
i5eViC8 SiIEiCi are 3-state liness. The hard
ware interface to the encoder requires only 
two flip-flops and two OR gates (see Figure 
9). 

The Interface peripheral card plugs Into the 
I/O connector on the computer board. It 
connects the computer to the joystick con-
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sole via a 14-wlre, 2ft. flat cable. The plug-in 
card can be modified for different hardware 
additions, and thus can be used to accommo
date various home computer Interfaca re
quirements. 

The hardware Implementation of the comput
er/robot interface contains an 8-bi1 0/ A, an 
analog·to-PPM converter, flip-flops, gates, 
one 8-bit latch, seven switches, seven joy
stick controls, reSistors, and capacitors. The 
O/A output range is 2V to 3V. The 2V 
corresponds to the digital input word 0, and 
3V corresponds to the digital word 255. For 
manual joystick control, there are seven ana
log input lines, which access the mUltiplexer 
inputs. These input lines can be individually 
switched between computer control and joy
stick control. 

Interface Signals and Timing 
The data flow will be explained with reference 
to Figures 9 and 10. The P and F flip-flops 
serve as storage buffers. Synchronous with 
the computer Phase Zero Clock, they transfer 
the channel and the frame data from the P 
and F data lines to the computer. The ribbon 
cable lines, P and F, tell the computer that an 
ancoder-console pulse is present. A com
plete frame contains eight channel pulses 
and starts and ends with a frame pulse. The P 
line carries the pulse-position data. The P line 
also serves as the system clock to tell the 
computer when to write data. Combining 
these functions simplifies the hardware when 
compared to a standard data acquisition sys
tem where these functions are separate. The 
OP flip-flop is set by the encoder channel 
pulses. The OF flip-flop is set by the encoder 
frame pulses. Both OP and OF flip-flops are 
reset by the computer write signal, DE = O. 
The Ai: and OTR lines are the read-snable 
and the data-resdy controls for the pulse-to
digital converter. 

Figure 11 illustrates the timing sequence of 
the computer-sncoder dialogue. The rising 
edge of the channel pulse causes the P 
signal to go High (see arrow 1). To read P, the 
computer reads the 04 data line. This line Is 
read when· the P flip-flop output is enabled 
and strobed. For this to occur, both A1 and 
'I5E\T.SEC must be zero. The computer 
senses P z 1 and starts to prepare data on 
the Do and 07 lines (see arrow 2). After the 
new data is on the bus, the computer sends 
the writa signal, DE - 0, to the encoder (see 
arrow 3). The new data is latched into the 0/ 
A input latch. DE - 0 resets the QP and OF 
flip-flops (see arrow 4). QP or OF go Low 
before the channel or frame pulse disap
pears. To activate 'DE, both Ao and m:sEC 
ere zero. The 01 A Input data Is designated as 
the "Do - 07 Latch Output" signal in the 
figure. The Idle data latched at the OF reset is 
erased by the first OP reset, when data for 
the first channel Is latched. 
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Two consecutive channel pulses (within the 
same freme) are spaced from a minimum of 
1 ms to a maximum of 2ms. The frame pulses 
and F - 1 settings have a rete of about 50Hz. 
To reed line F,line 05 is selected. The 05 line 
is reed when the F flip-flop output is enabled 
by pulling both Al and~. Low. 

CONTROL SYSTEM 
APPLICATIONS 

General Uses 
Figure 12 illustrates the available transmis
sion media for the serial data bus. In the 
present application, RF transmission was 
chosen. The figure also represents the con
sumer's viewpoint. It Illustrates that a reduced 
number of components are needed between 
the encoder-decoder Ie chip set and the 
home computer, thus keeping the system 
price low. 

Some of the applications of the control con
cept are listed in Figure 13. A natural use is 
robotics. The control system concept can be 
used for home control, alarm and security 
systems, remote-controlled video games, and 
remote sensing of variables such as tempera
ture, pressure, position, or motion. Analog 
data can be transferred and can be used for 
computer-controlled models. Examples of 
this last application would be a "smart" 
mouse that can learn to negotiate a maze and 
Radio Control modals progremmed by com
puter. 
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Computer-Controlled Robot 
The digital proportional system is well-suited 
to robotics applications because of the multi
channel positioning capability and the possi
bility for computer remote control. Figure 14 
shows the features which were Incorporated 
In the computer-controlled robot application. 
The objective was to use existing home 
computers to remotely control a robot The 
robot, which has a built-in recaiver and de
coder, has seven motion capabilities. These 
are: 
1. Forward and backward drive 

2. Steering 

3. Head rotation 

4. Shoulder movement 

5. Elbow movement 

6. Wrist rotation 

7. Hand opening and closing 

These motions can be executed In the "play" 
mode by either keyboard or manual joystick 
control. In either case, the motion can be 
recorded and then replayed. In the "record" 
mode, individual channels can be edited by 
simultaneously recording these channels 
while playing back the other channels. 

The playback and the recording speed can 
vary. The max.lmin. speed ratio is 2561 
2 = 128. This permits recording in slow mo
tion and playback at normal speed for precise 
control, or allows special effects such as slow 
or fast playback. Excapt for the drive channel, 
all other channels are closed-loop and· can 
funelion at variable speed, with the servo 
motors and the servo amplifiers providing 
local feedback. The drive channel is open
loop and, when playing back with the drive 
aelive, the speed should be the same as the 
recording drive speed. 

A discrete component radio control was used 
for the wireless robot control. The transmitter 
frequency and its range are based on stan
dard radio control techniques. 

COMPUTER PROGRAM 
Computer-Robot Software 
Interface 
To execute the different operating modes, an 
efficient software program Is essential. The 
program has to be flexible and fast enough to 
Interael In real-time with the robol. Machine 
language was used for the speed required to 
procass the data. There are several operation 
options: 

• Keyboard control over any channel 
combination with positive and negative 
steps in geometrical progression 

February 1987 

START COIANNEL 1 START CHANNEL 2 

~~t:e~EL ---1. L.I _______ "'~ L-. 

00·07 ~------------""'X 
LATCH X OUTPUT---____ -J ~ _____________________ .J ~-_ .... -

FIgura 11. Computer-Encoder Interface Timing Diagram 

r, HARDWIRE 
TRANSMITI 'RF TRANSMISSION 

RECEIVE l' CURRENT CARRIER 
INTERFACE • FIBER OPTICS 

l"NFRARED 

, 
OUTPUT 

CHANNELS 

FIgura 12. Available TransmlaBlon Media for the Sertal Data Bus 

• Joystick control over any channel 
combination 

• Parellel recording of any channel 
combination from joysticks or keyboard. 
In the "record" mode the PPM-to-digital 
conversion is done by the software 
program 

• Combined recording and playback, for 
individual channel editing 

• Combined recording and· playback, for 
any channel combination 

• Graphic display of the pulse width of all 
seven channels 

• Graphic display of the amount of 
motion-recording memory used for 
storage 
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To determine how much time the "record" or 
the "play" modes would last in a real-time 
application with a home computer, two things 
should be defined: the available memory and 
the apeed at which the channel data is 
stored-ln or reed-out from this memory. Ap
proximately 19kB of memory is available for 
recording. One frame has 7 channels and one 
channel has 8 bits. The total number of 
frames that may be recorded in memory is: 
19,00017 - 2,714. Data is stored in memory 
per frame. Because one frame lasts about 
20ms, the memory data is addressed at 20ms 
intervals. 

The choice of the recording speed Is avail
able. Any speed can be specified by an 
Integer from 1 to 255. This number, Nf, 
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• ROBOTICS 

• HOME CONTROL 

• ALARM AND SECURITY 
SYSTEMS 

• VIDEO GAMES 
(REMOTE CONTROL) 

• REMOTE SENSING 
- TEMPERATURE 
-PRESSURE 
- POSITION, LIGHT, ETC. 

• ANALOG DATA TRANSFER 
(VOLTAGE/CURRENT) 

• COMPUTER 
CONTROLLED MODELS 

Figure 13. General Control Applications of the Sertel Date Bus 

• PLAY MODE 
- COMPUTER (KEYBOARD) 

CONTROL 
- MANUAL JOYSTICK CONTROL 

• RECORD MODE 
-EDITING 
- VARIABLE RECORDING SPEED 

REMOTE MOTION CAPABILITIES 
A1- FORWARD/BACKWARD MOTION 
A2 - STEERING (90·C) 
A3-HEAD ROTATION (360·C) 
A4 - SHOULDER (ARM) MOVEMENT 
(110·C UP/DOWN) 
AS-ELBOW MOVEMENT (110·C UP/ 
DOWN) 
A6-WRIST ROTATION (360·C) 
A7-HAND (CLAW)- OPEN/CLOSE 

Figure 14. Features of the Computer-Controlled Robot Application 

represents the number of frames to be 
skipped between memory updates in tenns 01 
20ms increment per Irame. The computer will 
record one out 01 every NI + 1 frames, or play 
the same channel date NI + 1 times belore 
Incrementing, to the next set of channel data 
in memory. 

For example, at speed - 1, the memory us
age is fast, every 2nd frame or 2 x 
20ms - .oms. The memory capacity is used 
up after 2,714 X 2 - 5,426 frames or in 
5,428 X 20ms = 108s of real·time. At speed 
255, the memory usage is slow, every 258th 
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Irame or 256 X 20ms = 5.12s. The memory 
capacity is used up after 2,714 X 
256 - 694,784 frames or in 694,784 X 
20ms = 3h:51 min of reaI·time. For a 90· me
chanical arm rotation, a 1 s minimum time was 
obsarved. One frame update per second 
means a speed of 1s/20ms = 50. At this 
speed, the memory capacity will be used up in 
2,7148 - 45min real·time. 

Real-Time PPM-to-Dlgltal 
Software Conversion 
Pulse-position modulation can be converted 
directly to binary fonn by counting the time 
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between channel pulses. The software pro
gram divides the 1 ms·2ms time interval be
tween two channel pulses into about 190 bits, 
through a numerical algorithm. The peak 
counting error is ± 2 bits. Clock pulses are 
counted and the total is adjusted to fit a 
o - 255 scale. 

Floppy disk operations, to save or load date 
records, are done under a disk·operating 
software program already written for the par· 
ticular home computer used. At this time the 
computer is instructed to perform dlsk/mem· 
ory data transfers and not to control the 
robot. In the present program, configuration 
disk/memory data transfers and robot control 
cannot be done at the same time . 

System Control Program 
The overall program uses both BASIC and 
machine language. The use 01 BASIC is 
confined to the program portion, which takes 
user inputs lor defining the various operating 
modes. The program sections that control 
data flow to the robot are written in machine 
language. This is necessary because, with 
the PPM·to-digital conversion, less than 5Oj.IS 

are available to present data to the bus after 
a channel pulse is received. II executed in 
BASIC, the instruction cycle of the channel 
play loop would take in excess 01 1.5ms 
which is much too long. Machine language 
becomes even more essential if a full-duplex 
system is used, because such a system 
requires processing 01 sensor inlormation 
simultaneously with the execution 01 a motion 
program. 

The BASIC Program 
The BASIC program section takes user inputs 
to set up the system configuration. Initial 
options include: playing the channel data 
program stored in memory, loading an old 
channel data program Irom disk into memory, 
saving the memory program on disk, or reo 
cording a new program in memory. II the 
"record" option' is chosen, then the computer 
asks lor the channel numbers to be recorded. 
Individual play/record channel control allows 
the user to record one or more channels and 
play the rest Irom memory. This leature 
pennHs re·recording 01 individual channels so 
that an entire seven·channel program doesn't 
have to be redone because 01 an error in one 
channel. Channel data lor recording can be 
entered by joystick or Irom the keyboard. 

I 
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Tbe Allaembly Program 
Figure 15 shows a flow diagram of the 
machine language section of the program, 
and Figure 16 shows the data management 
sequence. In addition to the main memory 
locations for channel data storage 
($4000 - $9000), two memory buffera are 
used for Input and editing. The keyboard 
buffer ($300 - $306) holds data entered from 
the keyboard during a recording sequence~ 
and the scratch pad buffer ($19 - $1 F) Is used 
for channel data storage during each frame. 

The program sequence begins with a memory 
pointer set to $4000. When the computer 
senses a positive-going frame edge, the DE 
line is pulled Low to reset the OF flip-flop and, 
when an internal frame counter equals 
Nf + I, seven bytes of data are moved from 
memory (pointer to pointer + 6) to the 
scratchpad buffer. The program uses the time 
befora the first channel pulse arrival to up
date the screen graphics and scan for key
board Input The screen display shows a bar 
graph of the control surface ralative position 
(from -1 to + 1 for each channel), and of the 
storage memory usage. Valid keyboard inpula 
Include channel number, increment or decre
ment, steps from 0.5% to 10% of the whole 

lms range, and "return". If a "return" is 
sensed, then the accumulator is loadad with 
the scratch pad byte for the last keyboard
specified channel number. The last specified 
increment/decrement amount is imple
mented and the new data is stored in the 
appropriate scratchpad location. 

The program sets a chennel counter equal to 
zero and waits for the firat positive-going 
pulse edge. Upon sensing the positive-going 
pulse edge, the computer Increments the 
channel counter and checks whether the firat 
channel has been selected for "play" -or 
"racord". If channel one has been specified 
as "play", the data In the first scratchpad 
location is loaded onto the data bus and the 
DE line is pulled Low, latching the data as 
encoder input. The PPM-encoded data Is sent 
to the robot. If "racord" has been specified 
for channel one, then the counter checks -if 
keyboard or joystick has been specified es an 
Input option. For keyboard recording, the firat 
byte in the keyboard buffer Is copied to the 
first position in the scratchpad buffer. The 
byte is also put on the data bus and sent to 
the robot by pulling the DE line Low. 

For joystick recording, the computer software 
must do a PPM-to-dlgltal conversion (AID). 

This is initiated by zeroing an internal counter 
and pulling the DE line Low to reset the OP 
flip-flop. A small loop alternates between 
Incrementing the counter and scanning for 
the next positive-going pulse edge. When the 
positive-going edge is sensed, -the loop is 
broken and the count will be proportioned to 
the time between pulses. The joystick record 
sequence is then completed by incrementing 
the channel counter. The same sequence Is 
followed for each channel. When the channel 
counter specifies that the eighth pulse has 
arrived, the seven bytes from the scratchpad 
buffer memory are copied back into the 
storage memory (pointer to pointer + 6); and 
the pointer is incremented by seven. The 
computer waits for the next Nf + 1 positive
going frame edge, after which the entire 
sequence is rapeated. The programming/play 
sequence ends when either the keyboard 
scan senses a press on the space bar, or the 
storage memory capacity has been reached 
(approximately one and one-hall minutes at 
full speed), or an end marker is read into the 
flrat position In the scratch pad buffer. Upon 
manual termination (space bar prass), a zero 
is stored after the last valid channel as an end 
marker. 

Figure 15. Flow Chart of the Robot Control Computer Program 
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FRAME 1 FRAME 2 FRAME 3 
STORAGE MEMORY ($HEX) 4000 - - -4007 - - -400E - - -

SCRATCHPAD BUFFER 
($HEX) 19 1A 1B 1C 1D 1E 1F 
CHANNEL NUMBER 1 2 3 4 5 6 7 
KEYBOARD BUFFER ($HEX) 300 301 302 303 305 306 

DATA MANAGEMENT SEQUENCE 
1. Move data from storege ($4000-4006) to acratchped 

($19-1 F). 
2. Operete on acretchped data 

a. Record Joystick: PPM·to-cllgltal count = $18.X. 
X=channel no. 
c. Playback: $18.X·PPM aerlel to robot. 

3. Move acratchped data back to atorege memory 
pointer: $4000-$4007 

4. Increment storage memory pointer 
5. Goto 1. 

Figure 16. Software Data Management Sequency 
and Memory Allocation 
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DESCRIPTION 
The NE544 is a servo amplifier and 
pulse-width demodulator with internal 
motor drive transistors. It is designed for 
remote control applications in digital pro
portional systems but can be used in 
many other closed-loop position control 
applications. It incorporates a linear one
shot for improved positional accuracy 
and outputs for external PNP motor drive 
transistors. 

ORDERING INFORMATION 

NE544 
Servo Amplifier 
Product SpeclflCllt/on 

FEATURES 
• 500mA load current capability 
• Bidirectional bridge output with 

single power supply 

• LOw standby power drain 
• AdJustable deadband and trigger 

thresholds 
• High linearity, 0.5% maximum 

error 
• Output drive for external PNP 

transistors (optional) 
• Wide supply voltage range 

APPLICATIONS 
• Miniature position servo 

• Robotics 
• Control devices 
• Remote positioning 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

14-Pin Plastic DIP o to +70·C NE544N 

16·Pin Plastic SOL Package o to +70·C NE544D 

ABSOLUTE MAXIMUM RATINGS TA = 25·C unless otherwise specified. 

SYMBOL PARAMETER RATING UNIT 

V+ Supply voltsge 6.0 V 

10 Output current mA 
D psckage 400 
N package 500 

TA Operating temperature o to+70 ·C 

TSTG Storage temperature -65 to +150 ·C 

November 14, 1986 8-34 

PIN CONFIGURATIONS 

N Package 

nMCAP 1 14~BACK 
13 OUTPUT (8) 

REG OUT 3 PNP 
DRIVE (8) 

GND 5 . PNP 
DRIVE (A) 

STRJ&Lfl • • OUTPUT (A) 

DEADSAND 7 TRIGGER 
THRE8H 

TOP VIEW 

D Package1 

TlMCAP 1 PCB 
FEEDBACK 

TIM RES 2 IS OUTPUT (8) 

REGOUT 3 14 ~~(B) 

SIGNALGND 5 

11 &t:I~(A) 
PULSE 

STRETCHER 7 OUTPUT (A) 

DEAIIBAIID 8 I llIKlGER 
THRE8H 

TOP VIEW 
em ..... 

NOTE: 
1. SOL I!llI! non-atandard pinout. 

853~7 86554 
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BLOCK DIAGRAM 

VB 

14 1. 12 11 10 • 8 

I OUTPUT DRIVE CIRCUIT I 
• • I 

GATE I I 
t t 

D UNBAR SCHMITT 
ONEIHOT TRIGGER r-

DIFIEC110NAL LOGIC -
I 

I t 
I VOLlME II INPUT I REGULATOR FUp.fLOP I ~ STRETCHER I 

1 2 3 4 !5 8 7 

GND 

60035108 

NOTE: 
Pinout for N package. 

• 
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EQUIVALENT SCHEMATIC 

11 Vee 

GND(POWER) 

TC11711S 

NOTE: 
Pinout for N pactcage. 
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DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = 4.8V unless otherwise specified. 

SYMBOL PARAMETER TEST CONDITIONS 

Vee Supply voltage 
Icc Supply current, Pin 11 Quiescent 

VTH Input threshold, Pin 4 
On 
Off 

ZIN Input resistance, Pin 4 

Output voltage 
VOL Low 

Pin 9 or 13. IL = 400mA 
VOH High 

VREG Regulated voltage, Pin 3 

Ll.VREG Regulation, Pin 3 3.9V <0;. Vee <O;.6V 
Minimum deadband, Pin 7 ROB=O 
One-shot temperature coefficient 

Standby output voltage Pins 9 and 13 
PNP drive current Pins 10 and 12 

TYPICAL CONNECTION OF NE544N FOR LINEAR ONE-SHOT TIMING 

NOTE: 

R. 
580k 

Pinout for N package 

November 14, 1986 

~ 

- ----"'{:(---- ----....;z----
I I 

14 13 112 11 110 9 

f v. 

L OUTPUT DRIVE CIRCUIT I 
t t 

GATE 

I t t 

PI LlN~ J=Ll DIRECTIONAL LOGIC J-I SCHMITT 
ONE SHOT TRIGGER 

I t 
VOLTAGE J I INPUT I I PULSE 

REGULATOR FLIP FLOP STRETCHER 

1 2 3 
4 Rs 75k 5 8 Roa ..... 

Rp 130 
CT CT RT ~5k f1F :..~:= o.l.F ~o.l.FT 18k 1. 2.z. 

~l.FI 

INPUT 

8-37 

8 

~ 

I 
I 

7 

RMP 
240 

MIN 

3.2 
4.2 

2.1 

Product Specification 

NE544 

LIMITS 
UNIT 

TYP MAX 

T. 

4.8 
5.5 

1.5 
1.4 

18 

0.3 
3.9 

2.5 

10 
1 

0.01 

2.5 
20 

Vee 
4-8V 

T. 
OPT IONAL 

MPS8582 
EQUIVALENT 

USE 
OR 

6 V 
10 rnA 

V 

kn 
V 

2.9 V 

mVIV 
flS 

%fOC 

V 
rnA 

; = ~7.F 

GND 

I 
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PC BOARD - N PACKAGE 

PC BOARD-N PACKAGE 

DFOmos 

Typical PC Board Layout Bottom View Parts Layout Top View 
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TYPICAL PERFORMANCE CHARACTERISTICS 

1.00 
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NE544 

Output Current VB 
Loed Resistance 
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DESCRIPTION 
The NE544 is a new servo amplifier design 
for digital proportional RC systems which 
incorporates the latest state-of-the-art in inte
grated circuit technology. The basic systems 
concept was developed in close cooperation 
with a number of leading manufacturers of 
radio control equipment. 

The design philosophy behind the NE544 was 
to provide the RC servo systems designer 
with maximum flexibility in adapting the ampli
fier performance characteristic to his particu
lar servo system and at the same time to 
keep the external components count low. To 
achieve this goal, all tne basic servo amplifier 
functions, such as motor drive, deadband and 
minimum output pulse, are integrated into the 
IC, but can be modified over a wide range by 
using external transistors or padding resis
tors, respectively. This makes it possi!>le to 
use the IC for extremely low cost applications 
as well as for the most sophisticated RC 
servo systems. Additional features of the 
circuit are very low standby power drain 
(typically less than 6mA), an internal voltage 
regulator for improved power supply rejection 
and a highly accurate monostable multivibra
tor. This circuit may be used in 2 different 
charging modes: linear and exponential. In 
the linear charging mode, the internally-gen
erated charging current is programmable over 
a wide range with a resistor to ground. Usable 
currents range from below 10j.iA to above 
1 mAo In the exponential charging mode, the 
internal current source is simply bypassed 
with an external resistor from Pin 1 to the 
regulator output. 

The bidirectional power output stage can 
supply load currents up to 500mA (NE544N 
package only). Output drive pins for external 
PNP transistors provide the user with the 
option of increasing the motor drive by by
passing the internal compound PNP transis
tors. 

The NE544 also provides external pins to 
adjust dead band and to vary the hysteresis of 
the Schmitt trigger. This gives the user maxi
mum flexibility in adapting the servo amplifier 
to a large variety of servo motor and gear 
train combinations. A dynamic brake integrat
ed into the output stage serves to suppress 
inductive noise spikes and helps to improve 
the dynamic performance. 

February 1987 

AN133 
Applications Using the NE544 
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IC PACKAGE 
The NE544 has sufficient power dissipation to 
handle motors with a minimum of 8n imped
ance with the integrated power transistors. 

OPERATION 
The basic building blocks of the NE544 servo 
driver are shown in Figure 1. 

A positive input signal applied to the input pin 
(4) sets the input flip-flop and starts the one
shot time period. The directional logic com
pares the length of the input pulse to that of 
the internal one-shot and stores the result of 
this comparison in a directional flip-flop. The 
exact difference in pulse width between input 
and internal one-shot pulse, called the error 
pulse, is also fed to a pulse stretcher, dead
band and trigger circiuit. These circuits deter
mine 3 important parameters: 

1. Deadband - The minimum difference be
tween input pulse and internally-generated 
pulse to turn on the output. 

2_ Minimum output pulse - The smallest 
output pulse that can be generated from 
the trigger circuit. 

3. Pulsa stretcher gain - The relationship 
between error pulse and output pulse. 

Proper adjustment of these parameters can 
be achieved with external resistors and ca
pacitors at Pins 6, 7 and 8. The trigger circuit 
activates the gate for a precise length of time 

to provide drive to the bridge output circuitry 
in proportion to the length of the error pulse. 

TYPICAL APPLICATION AS A 
LINEAR SERVO AMPLIFIER 
Figure 2 shows a typical connection of· the 
NE544 as a high performance servo amplifier 
for remote control servo applications using 
the 14-pin dual in-line package. The input 
pulse may be DC-coupled if a reset is used in 
the receiver decoder. Output drive to the 
servo motor is applied through Pins 9 and 13 
with PNP transistors T A and T B optional for 
high performance applications. The wiper of 
potentiometer RP is mechanically-coupled to 
the servo control surface, providing positional 
feedback. The internal one-shot in this appli
cation is operating in the linear charging 
mode. 

LINEAR ONE-SHOT TIMING 
In contrast to most conventional servo drivers 
which use exponential one-shots, the NE544 
uses a linear one-shot. This makes it possible 
to design servo systems with very high posi
tional accuracy and linear pulse width to 
position transfer functions. The timing of the 
linear one-shot can best be explained with 
the help of Figure 3. 

The timing cycle starts after the input pulse 
sets the input flip-flop and releases the reset 
transistor T R. This allows current Ie to charge 
up capacitor Or in a linear fashion. Current IR 

BD0304DS 

Figure 1_ Block Diagram of NE544 Servo Amplifier 
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,--------F--:.:..:--:.:..:---:.:..:---:.:..:---=..::---:.:..:--.:..:;------------------------------------------, 

RF 

r------------+---------------1 __ --o V S 
4.8V 

c, 

lA' T8 
OPTIONAL 
USE UPS 6562 
OREQUIV. 

4.7JIF 

L-__ ~==~==~~~~~t_t_--::~----~~--------~~~~--o.ND 
C..1~ INPUT S1.. 

'10_---------------------------------------------------- _____ _ 

Figure 2. Typical Connection of NE544 for Linear One-Shot Timing 

is programmed by resistor RT. The op amp 
serves as a linear voltage-Io-current convert
er, with the current through RT and CT 
matched identically. The inverting input of the 
op amp is internally referenced to 1 .8V so 
that the current IR is given by this equation: 

The timing period of the internal one-shot is 
complete when the voltage ramp at Pin 1 
reaches the threshold set at Pin 14. This time 
is given by this equation: 

If we substitute the typical values given in 
Figure 2 we obtain this equation: (V 14 = 1.5V) 

(0.1 X 1O-~(1.5V) 3 
T- 0.1 X 1O-3A = 1.5 X 10- sec 

When the internal one-shot has timed-out, the 
input flip-flop is reset. The reset transistor T R 

is clamped to ground as soon as the input 
pulse goes to zero. Figure 4 shows the 
relationship of the input pulse, the internal 
one-shot pulse, the ramp at Pin 1 and the 

February 1987 

P05ITlON 
SENSE Rp 

POT 

R. 

v,= 1.8V 

R, 

L005891S 

Figure 3. Simplified Circuit Diagram of Linear One-Shot 

error pulse for a condition where the input 
pulse is longer than the internal pulse. 

In contrast to most conventional deSigns, the 
total value of the feedback pot Rp is no 
longer important, since it serves only as a 
voltage divider. A reasonable lower limit is 
1.5kn to keep power consumption low and to 
prevent loading of the voltage regulator. In 
the typical application, a 5k pot is used. 

8-41 

ADJUSTMENT OF SERVO 
TRAVEL 
The amount of angular rotation of the feed
back pot Rp (or of the servo control surface) 
can be changed by simply changing the 
charging current. Figure 5 shows a plot of the 
servo travel as a function of input pulse width 
for 3 different values of current setting resis
tors RT. 

I 
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INPUT PULSE J 
INTERNAL PULSEJ 

LINEAR VOLTAGE 
RAMP IPIN 1~ 

ERROR PULSE 

- .;.,-. - THREIHOLD IPIN 14) 

u 
Figure 4. TIming Dlagl'!lm 
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Figure 5. Servo Travel as a Flinctlon 
of Input Pulse for 3 Different . 

Charging Currents 

It should be noted that the center position of 
the wiper (1.5ms) will also shift when the 
amount of travel is changed. This shift may be 
compensated by mechanical wiper adjust· 
ment or by the addition of padding resistors 
as described in the next paragraph. 

INCREASING SERVO TRAVEL 
TO MORE THAN 180· 
Servo travel may be increased up to the 
maximum active area of tha feedback pot by 
using padding resistors RA and Rs as shown 
in Figure 6. 

Figure 7 shows the values of rasistors which 
are required to obtain a desired amount of 
servo travel. 

EXPONENTIAL TIMING OPTION 
If . an exponential timing characteristic is de· 
sired, the circuit shown in Figure 8 may be 
used. 

The time constant of the one-shot in this case 
is given by this equation: 
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figure 6. Increased Servo Travel 
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Figure 7. Pot Travel vs Re 

. Vs 
TE=Rn;Cr In--

VS--V14 
Substituting the values shown in Figure 8, 
whereVs - 2.5V and V14 = 1.5V at the center 
position, we obtain this equation: 

2.5V 
T - (16kO)(0.lp1=)ln -1.47ms 
. 2.5V-1.5V 
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The center position and servo travel can be 
changed as described in the previous section 
for linear operation. 

PULSE-STRETCHER 
The pulse-stretcher and associated circuitry 
shown in Figure 9 determine important servo 
parameters such as minimum output pulse, 
deadband and error pulse-to-output pulse 
conversion gain. 

Initially, transistor as is off and capacitor Cs 
is charged to the regulator voltage. An error 
pulse from gate G turns on transistor as and 
discharges capacitor Cs to ground through 
the parallel combination of Ros and RI. The 
deadband is determined by the time it takes 
for the voltage at Pin 6 to reach the trigger 
threshold (V d as shown in Figure 10. 

As soon as the Schmitt trigger threshold is 
reached, transistor as is turned off and the 
capacitor is discharged through a constant 
current source Is until the error pulse disap
paars. 

After tha error pulse disappears, capacitor Cs 
is charged up through resistor Rs. The output 
remains turned on until the upper threshold 
(V iJ of tha SChmitt trigger is reached. The 
minimum output pulse is determined by the 
hysteresis in th8 SChmitt trigger. This hystere
sis may be varied over a wide range by 
connecting an external resistor RMP from Pin 
8 to ground or positive supply. 

DEADBAND 
Referring to Figure 10, the deadband can be 
calculated using the equations where T os is 
deadband in microseconds, Cs is the pulse 
stretching capacitor, IT is the total discharge 
current, and t:N is approximately 0.65V. The 
deadband is determined by the time it takes 
to discharge capacitor Cs from its initial 
voltage to the SChmitt trigger threshold. 

~AV _2.~2V~(~RI~R~o~~ 
T OB'" --' , and IT"'ls + 

IT' RI+Ros 

The value of the internal deadband resistor RI 
is approximately 1500. IT can be calculated 
with this equation: 

. 2.2V(150Ro~ 
IT - 3mA + -----""-

150 + ROB 

FOr the typical values shown in Figure 2, we 
obtain this equation: 

IT=3+27=30mA 

The deadband can then be calculated using 
the first equation to obtain this equation: 

(0.22 X pi=) 0.65V 
T os - 30mA - 4.8jlS 
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Figure 8. Typical Connection for Exponential Timing Charactertstlc 

+25lI 
TO PIN 3 

·s 

ERROR ..--, 
PULSE ..J 11.... ___________ _ 

"08 

L---~~~~ ____ +-__ ~~~GND 
(PIN 51 

Figura 9. Typlcsl Connection of Pulss-Stratcher Circuit 
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The total deadband is then twice this value, 
I.e., T OB TOTAL ~ ± T OB. 

Figure 11 shows plots of total deadband 
versus ROB for 3 different values of pulse 
stretching capacitor Cs. The value of the 
minimum pulse resistor RMP is held constant 
at 240. 

MINIMUM PULSE 
The length of the minimum output pulse can 
be adjusted by changing the hysteresis of the 
Schmitt trigger. As can ba seen from Figure 
10, this will also affect the deadband. To aid 
in the selection of the right value of minimum 
pulse and deadband resistor, Table 1 may be 
conSUlted. This table gives typical values of 
deadband and minimum pulse for 5 combina
tions of ROB and RMP with Cs and Rs held 
constant at 0.22/olF and 75kn, respectively. 

If a particular application requires different 
values, Cs and Rs can be changed accord
ingly. A capacitor with low series resistance 
should be used for Cs. If Cs is too resistive, 
the minimum pulse becomes equal to the 
error pulse, causing the servo to buzz at the 
rest position. 
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Figure 11. Deadband vs ADB for 3 
Different Pulse Stretching capacitors 

Table 1. Values of Deadband and 
Minimum Pulse for Cs = O.22pF and 
Rs=75kn 

DEAD· MINIMUM 
AMP ADa BAND PULSE 
(0) (0) !/olB) (ms) 

±7 5.0 

360 130 ±5 2.5 

240 130 ±5 2.0 

160 82 ±3.5 1.6 

100 51 ±2.3 2.0 
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PULSE-8TRETCHER GAIN 
For given values of ROB and RMP, the gain of 
the pulse-stretcher can be adjusted with ca
pacitor Cs and resistor Rs. The values 
chosen In the typical application turn the 
outputs fully on with an error pulse of approxi
mately 200/olS. 

The charging resistor Rs can also ba con· 
nected to the positive supply voltage instead 
of the voltage regulator output. This usually 
requires somewhat tighter tolerances on Rs 
and Cs, but allows operation over a wide 
range of supply voltage since pulse-stretcher 
gain now varies Inversely with supply voltage. 

FEEDBACK RESISTORS FOR 
CLOSED-LOOP DAMPING 
The amount of feedback required for good 
closed-loop damping depends on the motor 
and gear train used, the desired pulse
stretcher gain and the dead band. In many 
applications, a single feedback reSistor, RF, 
from Pin 9 to Pin 1 is sufficient, since the 
dynamic brake provides some damping. If the 
mechanical gain is very high, an additional 
feedback resistor from Pin 13 to Pin 14 may 
be required. 



Signetics NE/SA/SE5570 
Brushless DC Motor Controller 
Objective Specification 

Linear Products 

DESCRIPTION 
The NE/SAlSE5570 is a three-phase 
brushless motor controller with a micro
processor-compatible serial input data 
port; 8-bit monotonic digital-to-analog 
converter; PWM modulator; oscillator; 
three Hall sensor inputs and six sourcel 
sink phase pre-drivers. 

FEATURES 
.8-blt DAC 
• Serlal-ta-parallel converter 
• Output pre-drivers 
• Entire switch mode conversion 
• Adaptable to 60· or 120· 

commutation 

ORDERING INFORMATION 

DESCRIPTION 

24-Pin SOL 

24-Pin Cerdip 

24-Pin Plastic 

24-Pin Cerdip 

24-Pin Plastic 

24-Pin Cerdip 

24-Pin Plastic 

February 1987 

• Overcurrent protection 

APPLICATIONS 
• Motor controller for three-phase 

brushless DC motor 

• Robotics 
• Computer peripherals 

TEMPERATURE RANGE ORDER CODE 

o to +70°C NE5570D 

o to +70°C NE5570F 

o to +70°C NE5570N 

_40°C to + 85°C SA5570F 

_40°C to +85°C SA5570N 

-55°C to +125°C SE5570F 

-55°C to + 125°C SE5570N 

8-45 

PIN CONFIGURATION 

DI, F, N Packages 

DATA 1 

DACREF'N & 

LOOP FII1EAo 

LOOPFlIl"£II, 8 

NOTE: 
1. Available in SOL. 

lOP VIEW 

PHASe.. 

PHASEa. 

HSa 
14 ~~ENT 
1 GND 

I 
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Brushless DC Motor Controller NE/SA/SE5570 

BLOCK DIAGRAM 

__ 1SIaI 

___ II.:.o0GND 

REIJEIII 4 

IDCK 

ENABLE ... II -.. .... -_ .. I 
~D ... J >--- II _II. - - .... 

I 
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LOOPFIIJIR • 2 

rA + 11 _INV 

-::-. 111-11 

LOOPFIIJIR , - INV 

ABSOLUTE MAXIMUM RATINGS 

RATING 
SYMBOL PARAMETER UNIT 

NE5570 SA5570 SE5570 

Temperature range 
TA Operating emblent o to 70 -40 to 85 -55 to 125 ·C 
TJ Operating junction -55 to 150 -55 to 150 -55 to 150 ·C 
Tsro Storage -65 to 150 -65 to 150 -65 to 150 ·C 

Vee Power supply 15 15 15 V 
logic inputs. all 

min -0.3 -0.3 -0.3 
max 15 15 15 
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Brushless DC Motor Controller NE/SA/SE5570 

RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER RATING UNIT 

TA Ambient temperature range 
NE Grade o to 70 ·C 
SA Grade -40 to 8S ·C 
SE Grade -SS to 12S ·C 

TJ Junction temperature range 
NE Grade o to 90 ·C 
SA Grade -40 to 10S ·C 
SE Grade -SS to 14S ·C 

Vee Supply voltage V 

DC AND AC ELECTRICAL CHARACTERISTICS Umits apply at Vee = 12V, VREF- SV and over operating temperature 
range unless otherwise specified. Typical data appl 

SAlNE5570 SE5570 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Oscillator 

fo Frequency initial accuracy 
T A = 2S·C, AT = 2.49kS1, 

19 20 21 19 20 21 kHz 
Cr=22nF 

fc Frequency drift over temp AT = 2.49kS1, Cr - 22nF 18 22 18 22 kHz 

Supply voltage sensitivity TA = 2S·C ±2 ±2 %IV 

Output pulse width 
T A = 2S·C, AT = 2.49kn, 

SOO SOO ns 
Cr=22nF 

Motor Phase Pre-Drivers 

tR Aise time 
AL = 2kS1 to Gnd, CL = 2nF 

SOO SOO ns 
[1V to 11V) 

tF Fall time 
AL = 2kS1 to Vee, CL = 2nF 

SOO SOO ns 
[1V to 11VJ 

PWM Comparator 

Vos Offset voltage TA = 2S·C 20 20 mV 

ISlAS Input bias current 1 1 /IA 

Currant Sensa Comparator 

IslAS Input bias current 1 1 /IA 

VTH Current sense trip level SOO SOO mV 

tpo 
Propagation delay to output 

CL = 2nF 2S0 2S0 ns 
drivers 

Error Amplifier 

ISlAS Input bias current 1 1 /IA 

VCM 
Input common-mode voltage 
range 

0 S 0 S V 

VOL Large-signal voltage gain VOUT = 1V to 11V 70 90 70 90 dB 

PSRR Power supply rejection ratio 60 60 dB 

Vo Output voltage swing VIN = + SOmV, IL = -150/IA 11.S 11.7 11.S 11.7 V 
VIN = -SOmV, IL - + 1S0/IA 0.2 O.S 0.2 O.S V 
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Brushless DC Motor Controller NE/SA/SE5570 

DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Limits apply at Vee = 12V, VREF - 5V and over operating 
temperature range unless otherwise specified. Typical 
data appl 

SAlNE5570 SE5570 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Operational Amplifier 

Vas Offset voltage -20 3 +20 -20 3 +20 mV 

ISlAS Input bias current 1 1 jlA 

VCM 
Input common-mode voltage TA = 25°C -0.3 5 -0.3 5 

V 
range Over temp. 0 5 0 5 

VOL Large signal voltage gain VOUT = 1V to 11V 70 90 70 90 dB 

PSRR Power supply rejection ratio 60 90 60 90 dB 

Vo Output voltage swing VIN - +50mV, IL --150A 11.5 11.7 11.5 11.7 V 
VIN - -50mV, IL - + 150jlA 0.2 0.5 0.2 0.5 V 

CMRR Common-mode rejection ratio Rs=10kn 60 BO 60 BO dB 

GBW Gain bandwidth RF-1ookn 250 250 kHz 

VNN Input noise voltage F -1kHz nV/YHz 

Dlgltal-ta-Analog Converter 

Resolution B B bits 

INL Integral non-linearity error ±1 ±2 ±1 ±2 LSB 

DNL Differential non-linearity error 1 ±0.5 ±1 ±0.5 ±1 LSB 

VFS Full-scale gain error PWM amp. Av = 1 ±0.2 ±O.B ±0.2 ±O.B %FS 

Full-scale temperature drift VREF T c = OppmfOC 20 20 ppmfOC 

Vzs Zero-scale offset error PWM amp. Av = 1 ±1 ±2 ±1 ±2 LSB 

ZIN 
Input impedance 

40 40 kn 
(DAC ref. in) 

is Settling time tot 0.5 LSB 5 5 jlS 

tpLH Propagation delay time (high) 200 200 ns 

tpHL Propagation delay time (low) 200 200 ns 

Logic Inputa 

VIH Input voltage: TTL high 2.0 12 2.0 12 V 

VIL Input voltage: TTL low 0 O.B 0 O.B V 

IIH Input current TTL high ±1 ±1 jlA 

IlL Input current: TTL low ±1 ±1 jlA 

NOTE: 
1. Monotonicity guaranteed over operating temperature range. 
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Signetics SAA1027 
Stepper Motor Driver 

Linear Products 

DESCRIPTION 
The 8AA 1027 is a bipolar integrated 
circuit intended for driving a four-phase 
two-stator motor. The circuit consists of 
a bidirectional four-state counter and a 
code converter to drive the four outputs 
in the sequence required for driving a 
stepping motor. 

ORDERING CODE 

Product Specification 

FEATURES 
• High noise Immunity inputs 
• Clockwise and counter-clockwlse 

operation 

• Reset facility 
• High output current 
• Outputs protected against 

damage by overshoot 

APPLICATIONS 
• Automotive Industry 
• Industrial 
• Office equipment 

• EDP 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

16-Pin Plastic DIP (SOT -38A) 

BLOCK DIAGRAM 

NOTE: 

15 
C 

M 

R 

SAA1027 

-20oe to + 700 e 

14 

CTA2 

1+/1-

CT=O 

SAA1027N 

RX 

XIV 
013 

112 
OUTPUT 
DRtVER 
STAGE 

0/1 

213 

PIN CONFIGURATION 

PIN 
NO. 

1 

• 3 

• 5 
6 
7 

• 9 
10 
11 

" 13 ,. 
15 
16 

N Package 

M 

AX 

V.., 

Ot 

SYMBOL 

NC 
R 
M 
RX 
VEE' 
01 
NC 
O. 
Q3 
NC 
04 
VEE. 
V""" 
Vcc, 
C 
NC 

VCC2 

13 

_VIEW 

NC 

C 

VCC1 

v"'" 

as 

CD10110S 

DESCRIPTION 

Not connected 
Reset input 
Mode input 
External resmor 
Ground 
Output 1 
Not connected 
Output • 
Output 3 
Not connected 
Output. 
Ground 
PoslliYe supply 
Positive supply 
Count Input 
Not connected 

Q1 

Q2 

03 

11 
cu 

Tell11. 

The blocks marked HNIL/CML are high noise immunity input stages. the block marked CTR2 is • bidirectional synchronoua '·blt (~le) counter and the block marked XIV 
is a code converter. C is the count input. M the mode input to select forward or reverse counting and A is the reset input which resets the counter to content zero. 
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Stepper Motor Driver 

FUNCTIONAL DESCRIPTION 
Count Input C (Pin 15) 
The outputs change state after each LOW-to
HIGH signal transition at the ocunt input. 

Mode Input M (Pin 3) 
With the mode input the sequence of output 
signals, and hence the direction of rotation of 
the stepping motor, can be chosen as shown 
in Table 1. 

Reset Input R (Pin 2) 
A LOW level at the R input resets the counter 
to ocntent zero. The outputs take on the 
levels shown In the upper and lower line of 
the table above. 

If this facility is not used the R input should be 
connected to the supply. 

External Resistor Pin RX (Pin 4) 
The external resistor R4 ocnnected to RX 
sets the base current of the output transis
tors. Its value has to be chosen in acocr
dance with the required output current (see 
Figure 3). 

Outputs Q1 to Q4 (Pins 6, 8, 9 
and 11) 
The circuit hss open-ocllector outputs. To 
prevent dllmage by an overshooting output 
voltage, the outputs are protected by diodes 
ocnnected to VCC2, Pin 13. High output cur
rents mainly detarmine the total power dissi
pation, see Figure 1. 

.... 
' ... (mWI 

I 

1/ 
1000 J 

./ 

.~f--" 
• 100 .... .... ... ... 

.... -0"""" 
Figure 1. Total Power 0188l&::tlon ProT 

as a Function of Output rrent 10L 

October 10, 1986 

Table 1 

COUNTING M=L 
SEQUENCE Q1 Q2 Q3 

0 L H L 
1 H L L 
2 H L H 
3 L H H 
0 L H L 

.... 
I\. 

1,\ 
I\. 

• '\ 
-21 21 10 71 .. .. 

"-("Q 

Figure 2. Power Derating Curve 
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+ 

14 4 13 

VCC1 RX Vcco 
15 

C Q1 

Q2 

M SAA11I27 
Q3 

R 04 

Q4 

H 
H 
L 
L 
H. 

• • 

Q1 

L 
L 
H 
H 
L 

// 
/ 

... 

Product Specification 

SAA1027 

M=H 

Q2 Q3 Q4 

H L 
H H 
L H 
L L 
H L 

/V 
Vox V 
V'" 

1/ 
1/ 

... 

H 
L 
L 
H 
H 

'" 

.. 

.. 

• ... 
Figure 3. Current IRX Into RX and 
Voltage VRX on RX as a Function 
of Required Output Current 10L 

+12V 

Flgure4. Typical Application of the SAA1027 as a Stepping Motor Driver 
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Stepper Motor Driver SAA1027 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

VCC1; VCC2 Supply voltage, DC 18 V 

VI Input voltage, all inputs 18 V 

lAX Current into Pin 4 120 rnA 

IOl Output current 500 rnA 

PTOT Power dissipation See Figure 1 

TSTG Storage temperature range -65 to +150 ·C 

TA Operating ambient temperature range -20 to +70 ·C 

DC ELECTRICAL CHARACTERISTICS Vcc=9.5 to 18V; VEE-OV; TA=-20 to +70·C, unless otherwise specified. 

SYMBOL PARAMETER MIN TYP MAX UNIT 

Vcc Supply voltage range 9.5 18 V 

Icc 
Supply current at VCCI = 12V; unloaded; all inputs HIGH; 

2 4.5 6.5 rnA 
Pin 4 open 

Inpute C, M and R (Pins 15, 3 and 2) 

Input voltage 
VIH HIGH 7.5 V 
Vil LOW 4.5 V 

Input current 
IIH HIGH 1 p.A 
III LOW 30 p.A 

External Resistor Pin RX (Pin 4) 

VAX Voltage at RX at Vcc = 12V ± 15%; R4 = 130n ± 5% 3 4.5 V 

Outputs Q1 to Q4 

Output voltage LOW 
VOL IOl= 350mA 500 1000 mV 
VOL IOl= 500mA 700 mV 

Output current 
IOl LOW 5001 rnA 
IOH HIGH at Va = 18V 50 p.A 

NOTE: 
1. See Figure. 1 and 2. 

• 
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Linear Products 

INTRODUCTION 
Airpax has introduced a range of fIVe new 4-
phase stepper motors which can be directly 
driven by an 8M 1027 integrated circuit with
out the need for discrete power stages or 
compensating networks. Both the IC and the 
motors can operate from a single 12V supply. 
The high noise Immunity design of the IC 
makes the system particularly suitable for use 
in electrically noisy environments. Use of the 
new motors and Ie will drastically reduca the 
cost and complexity of stepper motor sys
tems and thereby open up many new areas of 
application for digital motor control systems. 

THE STEPPER MOTORS 
The five new stepper motors are similar to our 
present Industrial range with modified stator 
windings to match them to the output capabil
ity of the 8Ml027 (350mA each phase). The 
maximum torque and pull-in rates obtained 
from the motors when they are driven by the 
SM1027 are given In Table 1 for easy 
reference: the torque/speed charecteristic 
curves and outline drawings of the motors are 
given in the Technical Data section of this 
publication. 

THE INTEGRATED CIRCUIT 
The 8M 1027 integrated stepper motor drive 
circuit Is contained in a IS-pin OIL plastic 
package and Is shown in block diagram form 
In Fig. 1. The circuit comprises three input 
stages, a logic section, and an output stage 
for each of the four stator windings of the 
motor. The three input stages are compatible 
with high nclse immunity logic to ensure 
correct operation in electrically noisy environ
ments: 

• The trigger stage accepts the incoming 
pulse train which initiates the logic 
section switching sequence, and thereby 
controls the speed of rotation and 
ultimate angular position of the motor 
drive shaft. 

• The set stage accepts a logic level 
input which overrides the switching 

• Clockwise/counter·clockwise 

February 1987 
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Using the SAA1027 With Airpax 
Four-Phase Stepper Motors 
Application Note 

Table 1_ Quick Reference Data for the Motors 

CATALOG NO. 
STEP MAX. TORQUE MAX. PULL-IN RATE 

(STEPS/S) ANGLE (mNm) 

9904 112 04002) 
9904 112 05001 
9904 112 06001 
9904 112 07005 
9904 112 08001 

7° 30' 

15° 

Table 2. Brief Data for the SAA1027 

Supply voltage Vp 
IQ 

12 
65 
45 
5 

43 

240 
140 
120 
350 
120 

Load current (Each output) 
HIGH logic input level 
LOW logic input level 

VRH, VSH, VTH 
VRl. VSl. VTL 

9.5V to 18V 
350mA max. 
7.5V to Vp 
OV to 4.5V max. 

sequence of the logic section and sets 
the output stages to a pre-determined 
logic state. This facility simplifies the 
programming of a system by allowing 
the motor drive shaft to be pre
positioned. 

• The ow/ccw· stage accepts a logic 
level Input which reverses the switching 
sequence of the logic section, thereby 
reversing the direction of rotation of the 
motor drive shaft. 

The logic section contains a 4-bit bidirectional 
synchronous counter which switches the four 
output stages in the correct sequence to 
cause the motor drive shaft to rotate at the 
speed, and In the direction, dictated by the 
input stages. 

The four output stages switch the supply 
current to the four phases of the motor stator. 
Each output stage is capable of switching a 
current 01 350mA and incorporates an inte
grated diode lor protection against transient 
spikes caused by switching the stator wind
ings. 

Briel data lor the SM 1027 is given in Table 
2. Further information is given in the Techni
cal Data section 01 this publication. 
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THE SYSTEM 
A practical stepper motor drive system and 
pulse diagram are given in Fig. 2. 

Electrical Requirements 
The system is powered from a single 12V 
supply with a current output compatible with 
the motor being driven. The current applied to 
pin 4 01 the Ie must be adjusted by selection 
of resistor Rs for each type of motor in 
accordance with Table 3. 

Table 3. Selection Of ReSistor RB 

MOTOR RB VALUE ISYSTEM 
(mA) 

9904 112 04002 470 n, O.33W 300 
9904 112 05001 220 n. 0.67W 620 
9904 112 06001 220 n. 0.67W 820 
9904 112 07005 620 n. O.SSW 200 
9904 112 08001 220 n, O.67W 620 

The relationship between the current at pin 4 
of the Ie and the output current Is given in the 
Technical Data section of this publication. 

Trigger Input T 
The repetition rate and the number of pulses 
applied to pin 15 01 the Ie determine the 
stepping rate and ultimate angular position of 
the motor drive shaft. The steps are Initiated 
by the positlve-going edges of the pulses in 
the sequence shown in Table 4. The '0' state 
shown in the table is the logic state 01 
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BLOCK DIAGRAM 

v. + 

"I ,·1 
'oon •• 0.,,.. 

~ + 

the outputs when the 'set' input is operative. 

Set Input S 
The output switching sequence can be set to 
a predetermined logic state (Q, = L, Q2 = H, 
Oa = L, Q4 = H), by applying a LOW voltage 
level to pin 2 of the IC. This input is only 
effective if the voltage level at the trigger 
input is HIGH. To achieve maximum noise 
immunity, this input should be connected 
permanently to the HIGH voltage level if it is 
not required. 

Direction Of Rotation Input R 
The output switching sequence of the IC, and 
therefore the direction of rotation of the motor 
drive shaft, is determined by the level of the 
voltage applied to pin 3 of the IC. If the 
voltage level Is HIGH, the drive shaft will 
rotate counter·clockwise: if the level is LOW, 
the drive shaft will rotate clockwise. The level 
of the voltage applied to pin 3 can be 
changed at any time regardless of the logic 
state of the other two inputs. To achieve 

Table 4. Output Switching Sequence 

S=H 

R=L R=H 
T Q, Q2 Q3 Q. T Q, Q2 Q3 Q. 

0 L H L H 0 L H L H 
1 H L L H 1 L H H L 
2 H L H L 2 H L H L 
3 L H H L 3 H L L H 
0 L H L H 0 L H L H 
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Figure 1. Block Diagram of the SAA1027 

maximum noise immunity, this input must not 
be left floating if not used, but should be 
connected to the voltage level appropriate to 
the required direction of rotation (to pin 14 for 
counter·clockwise; to pin 5 for clockwise). 

Precautions to Minimize the 
Eftects ot Switching Transients 
If the IC and the motor are connected to the 
same supply source, a simple RC-network 
must be connected in the supply line to the 
logic part of the IC to prevent the switching 
sequence from being disturbed by transient 
spikes caused by switching of the motor 
windings. This network, which consists of a 
resistor of lOOn and a capacitor of 0.1 j.lF, is 
shown in Fig. 2 and Fig. 3. The capacitor must 
be located as close as possible to pins 14 
and 5(12) of the IC. The connection between 
the common line of the four integrated clamp
ing diodes (pin 13) and the common line of 
the four motor windings must be as short as 
possible. 

Minimizing the Dissipation of 
the IC 
The four integrated clamping diodes dissipate 
the energy which is stored in the motor 
windings when outputs Q are switched off. 
This dissipation (Po) is different for each of 
the motors and adds to the normal dissipation 
of the IC. If it is necessary to reduce Po to 
prevent overheating of the IC, the integrated 
clamping diodes must be disconnected, by 
removing the connection from pin 13, and 
four discrete clamping diodes must be con· 
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~-------- ... 
S"""'ER 
MOTOR 

BDO'1aos 

nected to the motor windings as shown in Fig. 
3. 

TECHNICAL DATA 
Electrical Requirements of the 
Drive System 
The various parameters are shown in Fig. 1. 

Supply Characteristics 
Control circuit supply Vp 9.5 - 18V 

voltage (12V typ.) 
Control circuit supply 

current at Vp ~ 12V Ip 4.5mA typo 
Output circuit current IB see Fig. 4 
Output circuit bias 

voltage at pin 4 
Motor supply voltage 

Total motor current 
Motor current in one 

VB see Fig. 5 
Vm 1.5-18V 

(12V typ.) 
1m 700mA max. 

stator 10 350mA max. 
Saturation voltage of 

output transistors at 
10 = 350mA 
(pins 6, B, 9 and 11) Vsat < 1V 

Input Levels R, Sand T 
HIGH VRH, VSH, VTH 7.5V to Vp 

IRH, ISH, ITH llJA typo 
LOW VRL, VSL, VTL 0-4.5V max. 

IRL, ISL' ITL -301JA typo 

Ratings 
Limiting values in accordance with the Abso· 
lute Maximum Rating System (IEC 134). 

I 
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Using the SAA1027 With 
Airpax Four-Phase Stepper Motors 

Voltages 
Voltage to Pins 6, 8, 9, 

11, 13 and 14 
Input voltages R (Pin 3), 
S (Pin 2) and T (Pin 15) 

Currents 

18Vmax. 

Vpmax. 

Output currents 1Q1 (Pin 6), 500mA max. 
1Q2 (Pin 8), 103 (Pin 9) and 104 (Pin 11) 
Bias current into Pin 4 Is 90mA max. 

T 

Thennal Reelatance 
From junction to ambient 

Junction Tempereture 

STEPPER MOTOR 
CHARACTERISTICS 

6JA 70'C/W 

TJ 125'C Max. 

Each of the five stepper motors will have its 
'own typical performance when it is connected 

s------~ri-t------------t-t_-------

R-------+~+---~-----r1-t-------

o.-----+-! 

O.-----+-i 

Oa-----+-+~ 

0.-----+-+-; 

Figure 2. Connection' and Pulee Dlagrems for the Drive System 
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as shown in Fig. 2 with the value of resistor 
Rs correctly selected. The typical torquel 
speed characteristics for the motors under 
these conditions, together with a typical di
mensioned mechanical outline drawing is giv
en in F'Ig. 6. 
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Figure 6. Dimensions and Torque/Speed Characteristic for Stepper Motor 9904 112 04002, 
and the Temperature Rise of the IC With and Without External Diodes 
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Signetics TDA5040T 
Brushless DC Motor Driver 
Objective Specification 

Linear Products 

DESCRIPTION FEATURES 
The TDA5040 is designed to operate as • Thermal protection 
a single-phase brush less motor driver in 
a voltage range of 5 to 16V. Thus a two- APPLICATIONS 
phase motor requires two TDA5040Ts • Brushless DC motors 
and a 3-phase motor will require 3 such 
devices. 

The device contains an internal Hall 
sensor element for contrOlling commuta
tion. Motor direction is controlled by 
logic inputs to Cl and C2. 

ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE 

8-Pin Plastic SO Package o tD +70·C 

BLOCK DIAGRAM 

February 1987 

ORDER CODE 

TDA5040TD 

Vp 

8-57 

PIN CONFIGURATION 

D Package 

HOOSe. 
C,2 7 H• 

GND 3 6 Vee 

V. 4 5 Vee 

TOP VIEW 

I 
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Brushless DC Motor Driver TDA5040T 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMEtER TEST CONDITIONS RATING lIMIT 
Supply voltages 

Vee Low power stages -0.5 to 18 V 
Vee Output stag8 Under resistance load -0.5 to 16 V 
Vee Output stage Under inductive. load o to ·15 V 

Vo Voltage on output With a maximum of 18V 
-0.5 to 

V 
VCC+1 

C1. Ca Voltage on Inputs -0.5 to 16 V 

HI> Ho Voltage on Hall output -0.5.to 16 V 

±Io Output current 1.24 A 

TSTG Storage temperature -55 to ·C 
+150 

TJ Junction temperature 
Peak value up to 180·C 

+150 ·C 
during 58 
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Brushless DC Motor Driver TDA5040T 

DC ELECTRICAL CHARACTERISTICS Unless otherwise noted: 5V<Vcc<16V, -15'C<TA<60'C. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Supply voltage 

Vcc Low power stage 5 16 V 
Vcc High power stage 0 15 V 

Hall-element and trigger circuit 

Mo Offset -15 10-3 +15 Hy-3 Tesla 
MH Hysteresis Using output Ho or Vo 2.5 10-3 4.5 10-3 6.5 10-3 Tesla 

Hall output Ho 

Vp -12V TA-25'C 
-IHoH Output current High VHo < Vp - 0.25V 10 15 20 jJA 
IHoL Output current Low 0.7V < VHo < Vp - 0.25V 10 15 20 jJA 

IHo/~T' Temperature dependency 0.15 %/'C 
IHo/~Vp Voltsge dependency 4 %IV 

Hall Input HI 

VHIH Input level High IHI> 10jJA 
VHIL Low -IHI> 10jJA 2.48 2.8 3.15 V 

Input switching level to drive 

VHIS Output Vo according to truth table Referred to the calculated TBD 0 TBD mV 

switching level VHIH + VHIL 
2 

logic Inputs C, rasp. C2 

VIL Input voltage Low 1 V 
VIH Input voltage High 2 V 
IlL Input current Low Vc ·0.4V TBD 19 TBD jJA 
IIH Input current High Vc -16V 2 jJA 

Power output stage 

10 - pulse of 1 ms 
VOL Output voltage Low 10 = 400mA duty cycle" 1/10 1 1.25 V 
~VoL/~T' Tempersture dependency -0.93 mV/'C 
VOH Output voltage High -10 - 500mA duty Vee -l.35 Vcc- 1.1 V 

cyc/e<1/10 
~VOH/~r Temperature dependency +3.6 mV/'C 
10l Output current Low internally limited 500 1200 mA 
IOF Output current float Vo ·Vee ·16V 1 mA 
-IOF Output current float Vo·OV, Vee ·16V 1 mA 
RL Load resistance (across Pins 4 and 5) 6 n 
Quiescent current 

Ip Output Low or Float 10 -0, Vp -Vee -16V 6 TBD mA 
Ip + Icc Output High 10 - 0, Vp = Vee = 16V 9 TBD 

Thermal protection 

TJBW.()FF Switch·off tamperature 130 160 'c 
TJSW'()N Swltch-on temperature 90 140 'c 
TJSW Hysteresis 20 30 40 'c 
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Brushless DC Motor Driver TDA5040T 

THEORY OF OPERATION 
C1 defines the motor rotation direction by 
connecting it to a high or low voltage level. A 
low voltage level on C2 is a float command. 
Both C1 and C2 can be driven by a TTL. 
CMOS or LOCMOS circuit. Both input charac
teristics allow up to three inputs to be driven 
directly by one TTL. CMOS or LOCMOS 

TRUTH TABLE 

INPUT 

TJ M C2 C1 HI 
L N H H H 
L S H H H 
L N H H L 
L S H H L 
L N H L H 
L S H L H 
L N H L L 
L S H L L 

circuit (e.g .• a common float command line for 
all three ICs in the motor). 

The circuit includes a thermal protection 
which switches the output in the floating state 
when the chip exceeds the limiting tempera
ture. A hysteresis on this protection avoids 
degradation of the IC during constant short-

OUTPUT 

Ho Vo 
H COMMON 
L H 
H L 
L COMMON 
H COMMON 
L L 
H H 
L COMMON 

circuit of the output. The output power current 
is limited by a current-limiter in the lower 
output stage. 

A zener diode protects the lower output stage 
in case the supply voltage V cc is disconnect
ed and the output is inductively loaded. (See 
Block Diagram.) 

Remarks 
TJ = "L" : junction temp. < min. switch on 

temp. 
M - "N" : magnetic north above and south 

pole below the IC. magnetic field 
strength> max. offset + ~ max. 
hysteresis 

M = "S" : magnetic south above and north 
pole below the IC. magnetic field 
strength> max. offset + ~ max. 
hysteresis 

Ho is HI compatible 

V~~1~~ __ ~ __ ~ ______________ ~ ______________ ~ 

-NNOM - 1500RPM 
Ii<oM - 200Hz 
TNOM-2mNm 
Vcc- l2V 
Icc NOM - 80mA 
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Linear Products 

Conceptually, three basic approaches exist 
for obtaining regulated DC voltage from an 
AC power source. These are: 

• Shunt regulation 

• Series linear regulation 

• Series switched-mode regulation 

All require AC power line rectification. 

The series switched-mode regulators will be 
referred to as switched-mode power supplies 
or SMPS during the course of this article. 

Briefly stated, if all three types of regulation 
can perform the same function, the following 
are some of the key parameters to be ad
dressed: 

• From an economical point of view, cost 
of the system is paramount. 

• From an operations point of view, 
weight of the system is critical. 

• From a design criteria, system efficiency 
is the first order of business. 

The series and shunt regulators operate on 
the seme principle of sensing the DC output 
voltage, comparing to an internal reference 
level and varying a resistor (active device) to 
maintain the output levels within prespecified 
limits. 

Switched-mode power supplies (SMPS) are 
basically DC-to-DC converters, operating at 
frequencies in the 20kHz and higher region. 
Basically, the SMPS is a power source which 
utilizes the energy stored during one portion 
of its operating cycle to supply power during 
the remaining segment of its operating cycle. 

Uneer regulators, both shunt and series, 
suffer when required to supply large currents 
with resultant high dissipetion across the 
regulating device. Efficiency suffers tremen-

AN120 
An Overview of Switched-Mode 
Power Supplies 
Application Note 

dously. (Efficiencies less than 40% are typi
cal.) 

SwitChed-mode power supplies operate at 
much higher levels of efficiency (generally in 
the order of 75% to 80%), thereby reducing 
significantly the energy wasted in the regulat
ed supply. The SMPS does, however, suffer 
significantly in the ripple regulation it Is able to 
maintain, as opposed to a much higher de
gree of regulation available In series (or 
shunt) linear regulators. 

The linear regulators obtain improved regula
tion by virtue of the series pass elements 
always conducting, as opposed to SMPS 
devices having their active devices operative 
only during a portion of the overall operating 
period. 

Some definitions and comparisons between 
linear regulators and switched-mode power 
supplies follow for reference. 

REGULATION 

Line Regulation - (Sometimes referred to 
as static regulation) refers to the changes in 
the output (as a percent of nominal or actual 
value) as the input AC is varied slowly from its 
rated minimum value to its rated maximum 
value (eg. from 105VACRMS to 125VACRMsl. 

Load Regulation - (Sometimes referred to 
as dynamic regulation) refers to changes in 
output (as a percent of nominal or actual 
value) when the load conditions are suddenly 
changed (eg. minimum load to full load.) 

NOTES: 
The combination of static and dynamic regula
tion are cumulative; care should be taken when 
referring to the regulation characteristics of a 
power supply. 

0 .• 
~ 

Thermal Regulation - Referred to as 
changes due to ambient variations or thermal 
drift. 

TRANSIENT RESPONSE 
The ability of the regulator to respond to rapid 
changes in either line variations, load varia
tions, or intermittent transient input condi
tions. (This parameter is often referred to as 
"recovery time.") 

AC PARAMETERS 

Voltage Limiting - The regulator's ability to 
"shut down" in the event that the internal 
control elements fail to function properly. 

Current Limiting - Often referred to as 
"fold-back", where the amplifier segment of 
the regulator folds back the output current of 
the device when sefe operating limits are 
exceeded. 

Thermal Shutdown - The regulato~s ability 
to shut itself down when the maximum die 
temperature is exceeded. 

GENERAL PARAMETERS 

Power Dissipation - The maximum power 
the regulator can tolerate and still maintain 
operation within the sefe operating area of its 
active devices. 

Efficiency - The ratio (in percent) of the 
usable versus total power being dissipated in 
a regulated supply. (The losses can be AC as 
well as DC loases.) 

EMI/RFI - Generation of ElectroMagneticl 
Radio Frequency Interference signals and 
magnetic field disturbance in SMPS devices. 
(Transformer and choke design are available 
which reduce both RFI & EMI to safe accep
tance regions.) 

O~5 ,-__ ., 

MAINS 
ISOLAT· 
ING AND 
ENERGY 

STORAGE 
ELEMENT 

L ___ J , 8EGULAT'NCo I 
SWITCH I 

,'TRANSISTOR II 
LINEAR OUTPUT 

REGULATOR 

e. Conventional Supply - 45% Efficiency 

AFl)3731S 

L _____ J 

b. Switched-Mode Supply - 80%Etflclency 

Figure 1. Losses In Regulated Power Supplies 
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An Overview of Switched-Mode Power Supplies 

The balance of this section will be dedicated 
to the discussion of the general operation of 
Switchad-Mode Power Supplies (SMPS) with 
emphasis on the Signetics NE5560 Control 
and Protection Module. 

Switched-mode powar supplies (SMPS) have 
gained much popularity in recent years be
cause of the benefits they offer. They are now 
used on a large scale in desk cBiculators, 
computers, instrumentation, etc., and it is 
confidently expected that the market for this 
type of supply will grow. 

The advantages of SMPS are low weight and 
small size, high efficiency, wide AC Input 
voltage range, and low cost. -. D.C. 

AppIlca110n Note 

AN120 

I 
I 
I 

~ 
o.c. 

"""""" 
• Low weight and small size are possible 

because operation occurs at a 
frequency beyond the audible range; the 
inductive elements are small. 

Figure 2. Block Diagram of Swltched·Mode Power Supply 

• High efficiency because, for output 
regulation, the power transistor is 
switched rapidly between saturation and 
cut-off and therefore has little 
dissipation. This eases heatsink 
requirements, which contributas to 
weight and volume reduction. 
Conventional linear regulator supplies 
may have etficiencies as low as 50%, 
or less, but etficiencies of 60% are 
readily achievable with SMPS (see 
Figure 1). 

• Wide AC input voltage range because 
tha flexibility of varying the switching 
frequency in addition to the change in 
transistor duty cycle makes voltage 
adaptation unnecessary. 

• Low overall cost, due to the reduced 
volume and power dissipation, means 
that less material is required and 
smaller semiconductor devices suffice. 

Switched-mode power supplies also have 
slight disadvantages in comparison to linear 
regulators, namely, somewhat greater circuit 
complel(jty, tendency to RFI radiation, slower 
response to rapid load changes, and less 
ability to remove output ripple. 

HOW SWITCHED·MODE POWER 
SUPPLIES OPERATE 
The switched-mode power supply is a mod
ern version of its forerunner, the electrome
chanical vibrator, used in the past to supply 
car radios. But the new concept is much more 
reliable because of the far greater lifetime of 
the transistor switch. Figure 2 shows the 
principle of the AC fed SMPS. In this system, 
the AC voltage is rectified, smoothed, and 
supplied to the electronic chopper, which 
operates at a frequency above the audible 
range to prevent noise. The chopped DC 
voltage is applied to the primary of a trans
former, and the secondary voltege is rectified 
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and smoothed to give the required DC output. 
The transformer is necessary to isolate the 
output from the input. Output voltage is 
sensed by a control circuit, which adjusts the 
duty cycle of the switching transistor, via the 
drive circuit, to keep the output voltage con
stant irrespective of load and line voltage 
changes. Without the input rectifier, this sys
tem can be operated from a battery or other 
DC source. 

Depending on the requirements of the appli
cetion, the DC-ta-DC converter can be one of 
the three basic types: flyback converter, for
ward converter, or push-pull (balanced) con
verter. 

The Flyback Converter 
Figure 3 shows the flyback converter circuit, 
and the waveforms of transistor voltage, V CE, 
and choke current, Il' reflected to the primary 
(choke double-wound for line isolation). Cycle 
time and transistor duty cycle are denoted T 
and 8, respectively. While Q1 conducts, ener
gy is accumulated in the choke magnetic field 
(Il rising and Dl reverse-biased), and it is 
discharged into the output capacitor and the 
load during the flyback period, that is, while 
Q1 is off (Il falling and Dl forward-biased). 
During Q1 conduction, Co continues deliver
ing energy to the load, so providing smooth
Ing action. It will be noted that only one 
inductive element is needed, in distinction to 
the converter types discussed below, which 
require two. As the VCE waveform shows, the 
peak collector voltage is twice the input 
voltage, Vb for 8 equal to 0.5. 

The Forward Converter 
A major advantage of the forward converter, 
particularly for low output voltage applica
tions, is that tha high frequency output ripple 
is limited by the choke in series with the 
output. Figure 4 illustrates the circuit. During 
the transistor-on (or forward) period, energy is 
simultaneously stored in the choke LQ and 
passed via Dl to the load. While Q1 is off, 
part of the energy accumulated in Lo is 
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transferred to the load through free-wheeling 
diode D2. Output capacitor Co smoothes the 
ripple due to transistor switching. After tran
sistor turn-off, the magnetic energy built up in 
the transformer core is returned to the DC 
input via the demagnetizing winding (closely 
coupled with the primary) and D3, so limiting 
the peak collector voltage to twice the input 
voltage, VI. 

The Push·Pull Converter 
This converter type, given in Figure 5, con
sists of two forward converters operating in 
push-pull. Diodes Dl and D2 rectify the rect
angular secondary voltage generated by Q1 
and Q2 being turned on during alternate half 
cycles. Push-pull operation doubles the fre
quency of the ripple current in output filter 
loCo and so reduces the output ripple volt
age. The peak transistor voltage is 2VI. 

MAKING THE· BEST 
CONVERTER CHOICE 
There exist several versions of the three 
fundamental circuits described earlier. 

These are shown in Figure 6. Circuits lA, IIA 
and iliA are the basic types. In the two 
transistor circuits IB and liB, transistors Q1 
and Q2 conduct simultaneously and diodes 
D4 and Ds limit the peak collector voltage to 
the level of DC input voltage, VI. Similarly, in 
the push-pull circuits IIIB and IIIC, the collec
tor voltage does not exceed VI; in circuit IIIB, 
Q1 and Q2 are turned on during alternate half 
cycles, in circuit IIIC, Q1 and Q4 are turned on 
in one half cycle and Q2 and Q3 in the next. 

Converter choice depends on application and 
performance requirements. The flyback con
verter is the simplest and least expensive; it is 
recommended for multi-output supplies be
cause each output requires only one diode 
and one capacitor. However, smoothing may 
be a problem where ripple requirements are 
severe. The push-pull type has the most 
complex base drive circuit but it produces the 

I 
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Figure 3. Flyback Converter Circuit Diagram and Waveforms 
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Figure 4. Forward Converter Circuit Diagram 
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Figure 5. Push-Pull Converter Circuit Diagram 
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lowest output ripple with given values of Lo 
and Co. 

Figure 7 is a general guide for the choice of 
converter type, based on output voltage and 
power. In the case of the flyback converter, it 
becomes more and more difficult to keep the 
percentage output ripple below an acceptable 
level as the output power increases and the 
output voltage decreases. For reasons of 
circuit economy, however, the flyback con
verter is the best proposition if the output 
power does not exceed about 1 OW. For 
output powers higher than about 1 kW, the 
push-pull converter is preferable. 

THE CONTROL AND 
PROTECTION MODULE 
In addition to providing adequate output volt
age stabilization against line voltage and load 
changes, the control module must give fast 
protection against overload, equipment mal
function, and the effects of switch-on immedi
ately following switch-off. In addition the fol
lowing features are desirable: 
• Soft-Start: a gradual increase of the 

transistor duty cycle after switch-on 
causing a slow rise of the output 
voltage, which prevents an excessive 
inrush current due to a capacitive load 
or charging of the output capacitor. 

• Synchronization: to prevent Interference 
due to the difference in free-running 
frequencies (for example,. in a system in 
which a low-power SMPS supplies the 
base drive circuit of the output 
switching transistor in a high-power 
SMPS). 
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Vo 
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NOTE: 
Converter ohoIce as a function 01 SMPS output 
voltage. Vo and output power. Pc> 

FIgure 7. Converter Type 

• Remote switch·on and switch·off: 
essential for sequential switching of 
supply units in, for Instance. a computer 
supply system. 

The control and protection circuitry· of a 
switched·mode power supply (SMPS) is a 
crucial and complicated part of the whole 
supply. Integration of this circuitry on a chip 
will therefore ease the design of an SMPS 
considerably. 

SMPS CONTROL LOOP 
Figure 8 shows the principal control loop of a 
regulated SMPS. The output voltage Vo is 
sensed and, via a feedback network, fed to 
the Input of an error amplifier where it is 
compared with a reference voltage. 
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PROT. 

VOUT 
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Figure 8. SMPS Control Loop 

The output of this amplifier is connected to an 
input of the pulse·width modulator, PWM. 

The other input of this modulator is used for 
an oscillator signal, which can be a sawtooth 
or a triangle. 

As a result, a rectangular waveform with the 
frequency of the oscillator Is emerging at the 
output of the PWM. 

The width of this pulse is dictated by the 
output voltage of the error amplifier. 

After passing through an output stage, the 
pulse can be used to drive the power transis
tor of the SMPS. 

When the width of the pulse is varied, the on
time of this transistor will also vary and 
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consequently the amount of energy taken 
from the input voltage, VI. 

So, by controlling the duty cycle Il of the 
pewer transistor, one can stabilize the output 
of the SMPS against line and load variations. 
The duty cycle Il is defined as toN/T for the 
pewer transistor. Protections for overvoltage, 
overcurrent, etc., can be realized with addi
tional inputs on the PWM or the output stage. 

INITIAL TURN-ON 
It may be helpful to operate an SMPS open 
loop with reduced error amplifier gain. This 
provides an easy way to verify correct opera
tion of control loop elements. 



SigneHcs NEjSE5560 
Switched-Mode Power Supply 
Control Circuit 

Llne.r Products 

DESCRIPTION 
The NE/SE5560 is a control circuit for 
use in switched-mode power supplies. 
This single monolithic chip 'incorporates 
all the control and housekeeping (pro
tection) functions required in switched
mode power supplies, including an inter
nal temperature-compensated reference 
source, internal Zener references, saw
tooth generator, pulse-width modulator, 
output stage and various protection cir
cuits. 

ORDERING INFORMATION 

Product Specification 

FEATURES 
• Stablllz.d pow.r .upply 
• T.mperatu ..... compen.ated 

ref.renc •• ourc. 
• Sawtooth g.n.rator 
• Pulse-width modulator 
• R.mote on/oft .wltchlng 
• Current limiting 
.... Low supply voltage prot.ctlon 
• Loop fault protection 
• Demagn.tlzatlon/ov.rvoltage 

protection 
• Maximum duty cycl. clamp 
• F.ed-forward control 
• External synchronization 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

16-Pin Plastic DIP o to 70°C NE5560N 

16-Pin Plastic Dip -55°C to 125°C SE5560N 

16-Pin Cerdip o to 70°C NE5560F 

16-Pin Cerdip -55°C to 125°C SE5560F 

16-Pin SO o to 70°C NE5560D 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Supplyl 
Vee Voltage-forced mode +18 V 
lee Current-fed mode 30 mA 

Output transistor (at 20 - 30V max) 
lOUT Output current 40 mA 

Collector voltage (Pin 15) Vee + 1.4V V 
Max. emitter voltage (Pin 14) +5 V 

TA Operating ambient temperature range 
SE5560 -55 to +125 °C 
NE5560 o to 70 °C 

TSTG Storage temperature range -65 to +150 °C 
NOTE: 
1. Does not Include current lor timing rosistoro or capacitors, 
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PIN CONFIGURATION 

D, F, N Package. 
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BLOCK DIAG8AM 

FEEDBACK • L.J 
YClLT_ 11 ........... 

0ImUT1I 

~- • 
IIIPUT .. 

DU1'I CYCLI! • SL 
CIlIITIICIL 

"': -" .. +-t__---.... 

.......---+-:.. Vz 

-
NOTE: 
1. See Voltage/Current fed supply characteristic curve. 
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Switched-Mode Power Supply Control Circuit NEjSE5560 

DC ELECTRICAL CHARACTERISTICS TA = 25'C, vee = 12V, unless otherwise specified. 

SE5560 NE5560 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Referenca aactlons 

VREF Internal reference voltage 25'C 3.69 3.72 3.81 3.57 3.72 3.95 V 
Over temperature 3.65 3.85 3.53 4.00 V 

Temperature coefficient of 
-100 -100 ppm/'C 

VREF 

Vz Internal Zener reference IL=-7mA 7.8 8.4 8.8 7.8 8.4 8.8 V 
Temperature coefficient of Vz 200 200 ppm/'C 

08clilator aactIon 

Frequency range Over temperature 50 lOOk 50 lOOk Hz 

Initial accuracy oscillator R=5kO 5 5 % 

Duty cycle range fo = 20kHz 0 98 0 98 % 

Modulator 

Modulation input current 
Voltage at Pin 5 = 2V 

0.2 20 0.2 20 p.A 
Over temperature 

Houaaka.plng function 

At 2V 
Pin 6, input current Over temperature 0.2 20 0.2 20 p.A 

liN For 50% max duty cycle 
Pin 6, duty cycle limit control 15kHz to 50kHz/41 % of 40 50 60 40 50 60 % of duty 

Vz cycle 

Pin 1, low supply voltage 8 9.0 10.5 8 9.0 10.5 V 
protection thresholds 

Pin 3, feedback loop 400 600 720 400 600 720 mV 
protection trip threshold 

At 2V 
Pin 3, pull-up current -7 -15 -35 -7 -15 -35 p.A 
Pin 13, demagnetization/over- Over temperature 470 600 720 470 600 720 mV 
voltage protection trip on 
threshold 

At 0.25V 
liN Pin 13, input current 25'C -0.6 -10 -0.6 -10 p.A 

Over temperature -20 -20 
Pin 16, feed-forward duty cycle Voltage at Pin 16 = 2Vz 30 40 50 30 40 50 % original 
control duty cycle 

At 16V, Vee = l8V 
·Pln 16, feed-forward input 25'C 0.2 5 0.2 5 p.A 
current I 

Over temperature 10 10 p.A 
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Switched-Mode Power Supply Control Circuit NE/SE5560 

DC ELECTRICAL CHARACTERISTICS (Continued) T A - 25°0, Vee - 12V, unless otherwise specified. 

SE55SO NE5580 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

/ 
Min Typ Max Min Typ Max 

External eynchronlzatlon 

Pin 9 Off 0 0.8 0 0.8 V 
On 2 Vz 2 Vz V 
Sink current Voltage at Pin 9 - OV, -85 -100 -85 -125 jJA 

25°0 
Over temperature -125 -125 jJA 

Remote 

Pin 10 Off 0 0.8 0 0.8 V 
On 2 Vz 2 Vz V 

At OV 
Sink current 25°0 -85 -100 -85 -125 jJA 

Over temperature -125 -125 jJA 

Current Umltlng 

liN Pin 11 Input current Voltage at -2 -20 -2 -20 jJA 
Pin 11 - 250mV 

25°0 
Over temperature -40 -40 jJA 

Single pulse inhibit delay Inhibit delay time for 20% 0.7 0.8 0.7 0.8 /IS 
overdrive at 40rnA lOUT 

001 Trip Levels: Shut down, slow 0.500 0.800 0.700 0.500 0.800 0.700 V 
start, low level 

002 Current limit, high level 0.400 0.480 0.560 0.400 0.560 0.500 V 
~OC Low Level in terms of high 0.750 0.800 0.850 0.750 0.800 0.850 V 

level,OOI 

Error ampUfier 

VOH Output voltege swing 8.2 9.5 6.2 9.5 V 
VOL Output voltege swing 0.7 0.7 V 

Open-loop gein 54 80 54 80 dB 

RF Feedback resistor 10k 10k n 
BW Small-signal bandwidth 3 3 MHz 

Output stage 

Vce(SAT) Ie - 40mA 0.5 0.5 V 
Output current (Pin 15) 40 40 rnA 
Max. emitter voltege (Pin 14) 5 6 5 8 V 

Supply voltage/current1 

lee Supply current Iz - 0, voltege-forced, 
Vee ~ 12V, 25°0 10 10 rnA 

Over temp. 15 15 mA 

Vee Supply voltage lee - lOrnA current-fed 20 23 19 24 V 
Vee Supply voltage lee = 30rnA current-fed 20 30 20 30 V 

NOTE: 
1. Does not include current for timing resistors or capacitors. 
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MAXIMUM PIN VOLTAGES 

NE5580 

Pin No Function Maximum Voltage 

1 Vee See Note 1 
2 Vz Do not force (8.4V) 
3 Feedback Vz 
4 Gain 
5 Modulator Vz 
6 Duty Cycle Control Vz 
7 Rr Current force mode 
6 Or 
9 External Sync Vz 

10 Remote On/Off Vz 
11 Current Limiting Vee 
12 GND GND 
13 Demagnetizatlon/Overvoltage Vee 
14 Output (Emit) Vz 
15 Output (Collector) Vee+2Vae 
16 Feed-forward Vee 

NOTE: 
1. When voltage-forced. maximum Is 18V; when current-fed. maximum 18 SOmA. See voI1age-/current-fed 

supply characteristic curve. 

TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 

Typical Frequency Plot ve RT and Or 
Duty Cycle Sensitivity to Feed-Forward 
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THEORY OF OPERATION 
The following functions are Incorporated: 

- A temperature-compensated reference 
source. 

- An error amplifier with Pin 3 as input. 
The output is connected to Pin 4 so 
that the gain is adjustable with 
external resistors. 

- A sawtooth generator with a TTL
compatible synchronization input (Pins 
7,8,9). 

- A pulse-width modulator with a duty 
cycle range from 0 to 95%. 

The PWM has two additional inputs: 

Pin 6 can be used for a precise setting of 

~AX 

Pin 5 gives a diract access to the modulator, 
allowing for reai constant-current operation: 

- A gate at the output of the PWM 
provides a simple dynamic current 
limit. 

- A latch that is set by the flyback of 
the sawtooth and reset by the output 
pulse of the above mentioned gate 
prohibits double pulsing. 

- Another latch functions as a start-stop 
circuit; it provides a fast switch-off 
and a slow start. 

- A current protection circuit that 
operates via the start-stop circuit. This 
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current limit circuit, therefore Pin 11 
has two trip-on levels; the lower one 
for cyCle-by-cyc1e current limiting, the 
upper one for current protection by 
means of switch-off and slow-start. 
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- A TTL-compatible remote on/off input 
at Pin 10, also operating via the start
stop circuit. 

- An inhibit input at Pin 13. The output 
pulse can be inhibited immediately. 

- An output gate that is commanded by 
the latches and the inhibit circuit. 

- An output transistor of which both the 
collector (Pin 15) and the emitter (Pin 
14) are externally available. This 
ailows for normal or inverse output 
pulses. 

- A power supply thet can be either 
voltage- or current-driven (Pins 1 and 
12). The internally-generated stabilized 
output voltage Vz is connected to Pin 
2. 

- A special function is the so-called 
feed-forward at Pin 16. The amplitude 
of the sawtooth generator is 
modulated in such a way that the 
duty cycle becomes inversely 
proportionai to the voltage on this 
pin: Ii - 11V16. 
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- Loop fault protection circuits assure 
that the duty cycle is reduced to zero 
or a low vaiue for open- or short
circuited feedback loops. 

Stabilized Power Supply 
(Pins 1, 2, 12) 
The power supply of the NE5560 is of the well 
known series regulation type and provides a 
stabilized output voltage of typically 8.5V. 

This voltage Vz is also present at Pin 2 and 
can be used for precise setting of ~AX and to 
supply external circuitry. Its max. current ca
pability is 5mA. 

The circuit can be fed directly from a DC 
voltage source between 10.5V and 18V or 
can be current-driven via a limiting resistor. In 
the latter case, internal pinch-off resistors will 
limit the maximum supply voltage: typical 23V 
for 10mA and max. 30V for 30mA. 

The low supply voltage protection is active 
when V (1 -12) is below 10.5V and inhibits the 
output pulse (no hystereSis). 

When the supply voltage surpasses the 10.5V 
level, the IC starts delivering output pulses via 
the slow-start function. 

The current consumption at 12V is less than 
10mA, provided that no current is drawn from 
Vz and A(7 -12) ~ 20kn. 

I 
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The Sawtooth Generator 
Figure 2 shows the principal circuitry of the 
oscillator. A resistor between Pin 7 and Pin 12 
(GND) determines the constant current that 
charges the timing capacitor '18 -12). 

This causes a linear increasing voltage on PIn 
8 until the upper level of 5.6V Is reached. 
Comparator H sets the RS flip-flop and Q1 
discharges C(8 -12) dewn to I.W, where com
parator L resets the flip-flop. During this 
flyback time, Q2 Inhibits the output 

Synchronization at a frequency lower tl1an the 
free-running frequency is accomplished via 
the TTL gate on Pin 9. By activating this gate 
(V9 < 2V), the setting of the sawtooth is 
prevented. this is indicated in Figure 3. 

Figure 4 shows a typical plot of the oscillator 
frequency against the timing capacitor. The 
frequency range of the NE5560 goes from 
< 50Hz up to > 100kHOI:. 

Reference Voltage Source 

Vz 
r---------------------------~~-----~~ 

10 OUTPUT LATCH 

>-+--I_, .. T 

figure 2_ Sawtootih Generator 

The Intemal reference voltage source Is 
based on the bandgap voltage of silicon. 
Good design practice assures a temperature 
dependency typically ± l00ppmrC. The ref
erence voltage is connected to the posltive 
Input of the error amplifier and has a typical 
value of 3.72V. 

.w--------________ ~ 
Error Amplifier Compensation 
For closed-loop gains less than 4OdB, It is 
necessary to add a simple compensation 
capscitor es shown in FIgures 4 and 5. 

4W' ______________ _ 

-
.......,. 

figure 4. Error Amplifier Compensation 
Open-Loop Gain 
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Error Amplifier with Loop-Fault 
Protection Circuits 
This operational amplifier is of a generally 
used concept and has an open-loop gain of 
typically 60dS. As can be seen in Figure 5, 
the inverting input is connected to Pin 3 for a 
feedback information proportional to Vo. 

The output goes to the PWM circuit, but is 
also connected to Pin 4, 80 that the required 
gain can be set with As and A(3 _ 4). This is 
indicated in Figure 5, showing the relative 
change of the feedback voltage as a function 
of the duty cycle. Additionally, Pin 4 can be 
used for phase shift networks that Improve 
the loop stability. 

When the SMPS feedback loop is interrupted, 
the error amplifier would settle in the middle 
of its active region because of the feedback 
via A(3 _ 4). This would result in a large duty 
cycle. A current source on Pin 3 prevents this 
by pushing the input voltage high via the 
voltage drop over A(3 _ 4). As a result, the duty 
cycle will become zero, provided that 
A(3 _ 4) > 100k. When the feedback ioop is 
short-circuited, the duty cycle would jump to 
the adjusted maximum duty cycle. Therefore, 
an additional comparator is active for feed
back voltagas at Pin 3 below O.6V. Now an 
internal resistor of typically 1 k is shunted to 
the impedance on the ~AX setting Pin 6. 
Depending on this impedance, Ii will be re
duced to a value 60. This will be discuased 
further. 
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v •• I. "V) -Figure 7. Transfer Curve of Pulae-Wldth Modulator 
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The Pulse-Width Modulator 
The function of the PWM circuit is to translate 
a feedback voltage into a periodical pulse of 
which the duty cycle depends on that feed· 
back voltage. As can be seen in Figure 6, the 
PWM circuit in the NE5560 is a long·tailed 
pair in which the sawtooth on Pin 8 is 
compared with the LOWEST voltage on ei· 
ther Pin 4 (error amplifier), Pin" 5, or Pin 6 
(~AX and slow·start). The transfer graph Is 
given in Figure 7. The output of the PWM 
causes the resetting of "the output bistable. 

Limitation of the Maximum 
Duty Cycle 
With Pins 5 and 6 not connected and with a 
rather low feedback voltage on Pin 3, the 
NE5560 will deliver output pulses with a duty 
cycle of ... 95%. In many SMPS applications, 
however, this high 6 will cause problems. 
Especially in forward converters, where the 
transformer will saturate when 6 exceeds 
50%, a limitation of the maximum duty cycle 
is a must. 

A DC voltage applied to Pin 6 (PWM Input) will 
set ~AX at a value in accordance with Figure 
7. For low tolerances of ~AX, this voltage on 
Pin 6 should be set with a resistor divider from 
Vz (Pin 2). The upper and lower sawtooth 
levels are also set by means of an internal 
resistor divider from Vz, so forming a bridge 
configuration with the ~AX setting is low 
because tolerances in Vz are compensated 
and the sawtooth levels are determined by 
internal resistor matching rather than by ab
solute resistor tolerance. Figure 8 can be 
used for determining the tap on the bleeder 
for a certain ~AX setting. 

As already mentioned, Figure 9 gives a graph· 
ical representation of this. The value 60 is 
limited to the lower and the higher side; 

• It must be large enough to ensure that 
at maximum load and minimum input 
voltage the resulting feedback voltage 
on Pin 3 exceeds 0.6V. 

• It must be small enough to limit the 
amount of energy in the SMPS when a 
loop fault occurs. In practice, a value of 
10-15% will be a good compromise. 

Extra PWM Input (Pin 5) 
The PWM has an additional inverting input: 
Pin 5. It allows for attacking the duty cycle via 
the PWM circuit, independently from the feed· 
back and the ~AX information. This is neces· 
sary when the SMPS must have a real 
constant-current behavior, possibly with a 
fold·back characteristic. However, the realiza· 
tion of this feature must be done with addi· 
tional external components. When not used, 
Pin 5 should be tied to Pin 6. 
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Dynamic Current Limit and 
Current Protection (Pin 11) 
In many applications. It is not necessary to 
have a real constant-current output of the 
SMPS. 

Protection of the power transistor will be the 
prime goal. This can be realized with the 
NE5560 in an economical way. A resistor (or 
a current transformer) in the emitter of the 
power transistor gives a replica of the collec· 
tor current. This signal must be connected to 
Pin 11. As can be seen in Figure 10, this input 
has two comparators with different reference 
levels. The output of the comparator with the 
lower O.48V reference is connected to the 
same gate as the output of the PWM. 
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When activated, It will immediately reset the 
output flip-flop, so reducing the duty cycle. 
The effectiveness of this cycle-by-cycle cur
rent limit diminishes at low duty cycle values. 
When Ii beccmes very small, the storage time 
of the power trensl8tcr becomes dominent. 
The current will now Increase again, until it 
surpasses the reference of the second com
parator. The output of this comparator acti
vates the stert-stop circuit end causes an 
immediate Inhibit of the output pulses. After a 
cartaln deadtlme, the circuit sterts again with 
very narrow output pulses. The effect of this 
two-Ievel current protection circuit is visual
ized in Figure 11. 

The Start-Stop Circuit 
The function of this protection circuit is to 
stop the output pulses as soon as a fault 
occurs and to kesp the output stopped for 
several periods. After this dead-time, the 
output sterts with a very small, gradually 
Incressing duty cycle. When the fault is per
sistent, this will cause a cyclic switch-off/ 
swltch-on condition. This "hiccup" mode ef
fectively limits the energy during fault condi
tions. The realization and the working of the 
circuit are indicated in Figures 12 and 13. The 
dead time and the soft-start are determined 
by an external capacitor that is connected to 
Pin 6 (liMA)( setting). 

An RS flip-flop can be set by three different 
functions: 
1. Remote on/off on Pin 10. 
2. Overcurrent protection on Pin 11. 
3. Low supply voltage protection (internal). 

As soon as one of these functions cause a 
setting of the flip-flop, the output pulses are 
blocked via the output gate. In the same time 
trensl8tcr 01 is forward-biased, resulting in a 
discharge of the capacitor on Pin 6. 

The discharging current Is limited by an inter
nal 1500 resistor in the emitter of 01. The 
voltage at Pin 6 decreases to below the lower 
level of the sawtooth. When V6 has dropped 
to 0.6V, this will activate a comparator end 
the flip-flop is reset. The output stege is no 
longer blocked and 01 is cut oft. Now Vz will 
charge the capacitor via Rl to the normal 
liMA)( voltage. The output sterts delivering 
very narrow pulses as soon as V6 exceeds 
the lower sawtooth level. The duty cycle of 
the output pulse now gradually increases to a 
value determined by the feedback on Pin 3, or 
by the stetic liMA)( setting on Pin 6. 
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Remote On/Off Circuit (Pin 10) 
In systems where two or more power supplies 
are used, It Is often necessary to switch thess 
supplies on and off in a sequential way. 
Furthermore, there are many applications in 
which a supply must be switched by a logical 
signal. This can be done via the TTL-compati
ble remote onloff input on Pin 10. The output 
pulse is Inhibited for levels below O.BV. The 
output of the Ie is no longer blocked when 
the remote onloff Input Is left floating or when 
a voltage > 2V Is applied. Start-up occurs via 
the slow-start circuit 

The Output Stage 
The output stage of the NE5580 contains a 
flip-flop, a push-pull driven output transistor, 
and a gate, as Indicated in Figure 14. The flip
flop Is set by the flyback of the sawtooth. 
Resetting occurs by a signal either from the 
PWM or the current limit circuit. With this 
configuration, it is assured that the output is 
switched only once per period, thus prohibit
ing double pulsing. The collector and emitter 
of the output transistor are connected to 
respectively Pin 15 and Pin 14, allowing for 
normal or Inverted output pulses. An intemal
Iy-grounded emitter would cause untolerable 
voltage spikes over the bonding wire, espe
cially at high output currents. 

This current capability of the output transistor 
is 40mA peak for VCE e! O.4V. An internal 
clamping diode to the supply voltage protects 
the collector against overvoltages. The max. 
voltage at the emitter (Pin 14) must not 
exceed + 5V. A gate, activated by one of the 
set or rase! pulses, or by a command from 
the start-stop circuit will immediately switch
off the output transistor by short-circuiting its 
bess. The external inhibitor (Pin 13) operates 
also via this bess. 

Demagnetization Senae 
As indicated in Figure 14, the output of this 
NPN comparator will block the output pulse, 
when a voltaga above O.6V is applied to Pin 
13. A specific application for this function is to 
prevent saturation of forward-converter trans
formers. This is indicated in Figure 15. 

Feed·Forward (Pin 18) 
The basic formula for a forward converter is 

dVIN 
VOUT - - (n - transformer ratio) 

n 
This means that in order to keep VOUT at a 
constant value, the duty cycle Ii must be 
made inversely proportional to the input volt
age. A preregulation (feed-forward) with the 
function 1i-1IVIN can ease the feedback-loop 
design. 
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This loop now only has to regulate for laod 
variations which require only a low feedback 
gain in the normal operation area. The trans
former of a forward converter must be de
signed in such a way that it does not saturate, 
even under transient conditions, where the 
max. inductance is determined by ~AX X YIN 
max. A regulation of ~MAX-11VIN will allow for 
a considerable reduction or simplification of 
the transformer. The function of ~-1IVIN can 
be realized by using Pin 16 of the NE5560. 

Figure 16 shows the electrical realization. 
When the voltage at Pin 16 exceeds the 
stabilized voltage Yz (Pin 2), it will increase 
the charging current for the timing capacitor 
on Pin 8. 

The operating frequency is not affected, be
cause the upper trip level for sawtooth in
creases also. Note that the ~MAX voltage on 
Pin 6 remains constant because it is set via 
Yz. Figure 17 visualizes the effect on ~AX 
and the normal operating duty cycle ~. For 
Y,6 = 2 X Yz, these duty cycles have halved. 
The graph for ~ = f(V IS) is given in Figure 18. 

NOTE: 
V,. must be less than Pin 1 voltage. 

APPLICATIONS 

NE/SE5560 Push-Pull Regulator 
This application describes the use of the 
Signetics NE/SE5560 adapted to function as 
a push-pull switched mode regulator, as 
shown in Figures 1 g and 20. 

Input voltage range is + 12Y to + 18Y for a 
nominal output of + 30Y and -30Y at a 
maximum load current of 1 A with an average 
efficiency of 81 %. 

Features include feed-forward input compen
sation, cycle-ta-cycle drive current protection 
and other voltage sensing, line (to positive 
output) regulation < 1 % for an input range of 
+ 13Y to + 18Y and load regulation to positive 
output of < 3% for .1IL(+) of 0.1 to 1 A. 

The main pulse-width modulator operates to 
48kHz with power switching at 24kHz. 
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Figure 17. Feed-Forward CircuItry 
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Core - Ferroxcubo 4229 3C8 material 

. .. 

1O@co:.o,. 
~iiiiiiira ...-

l" l.a - 120T #20 on slnglo gapped EC36 Forroxcubo core. 3C8 m .... rial. 

-
-
,-

lQ: 
,. 

Product Speclflcotlon 

NE/SE5560 

... 
u. _ ... 

,.0 --.. .. ..... - ... -- - ow - .. 
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U ..... 

"""' .. 

Figure 19. NElSE5560 Push-Pull SwItched-Mode Regulated Supply With CMOS Drive Converelon Logic 
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NOTES: 
Power ground and signal ground must be kept separated 

T,. PrtI1lOljl - l30T (C.T.) #28 
Secondary - 18T (c'T.) #22 

Cora - Ferroxcube 3822 
SC8 material 

C.T. - SOT #28 on 
FelTOlCCUbe 2616 core (3C6) 
F2DbobIJIn 

T2. PrII1IOIjI - 16T (C.T.) #18 _ (each) 52T (C.T.) #22. 
Cora - FeITOlCCUbe 4229 3C8 _ 

L,. La - 120T #20 on single gapped EC35 Fenoxcube core. 3C8 material. 

Product Specification 

NE/SE5560 

•• 

Figure 20. NE/SE6560 Push-Pull Switched-Mode Regulated Supply With TTL Drive Conversion logic 
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Using the NE5560 
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DUAL OUTPUT ± 5OV, 1 AMP, 
FORWARD CONVERTER FOR 
OFF·LlNE OPERATION 
A straightforward 100W off-line converter, 
with transformer isolation to load, is shown in 
Figura 1. 

The NE55SO is operated at a switching fre
quency of 75kHz allowing minimum magnet-

115VAC _. 

TANTALUM ,47,F 1 

Appllcstlon Not. 

ics and component size. Line regulation is 
also greaHy improved by making use of Pin 
16, the feed-forward input Typical transform
er design recommended is: T 1: Primary SOT 
#24, Secondary 20T #26 on a Ferroxcube 
#2616 (3C8) pot core wound tighHy coupled 
for minimum leakage inductance and having 
adequate primary inductance for low droop in 
the base drive waveform. Base drive to Q2 

+ IIOV RA8040 

• 
10.F YCERAMIC 

z· .. V""z..L..--..L..------,5 
F----,=+ 

+50V 

Vour 

R. 

R. 

*TO 
PIN 11 

R. 

'::' 

'::' 

NE5580 

EQ 
751cHz oPERAnoN '::' 

14 

OJlO1.F 
ICERAMIC 

'::' 

should approach 0.5A peak for fast tum-on 
respon~e and minimum losses. 

T 2 provides 2.4:1 stepdown from primary to 
each secondary. A primary winding of 60 
tums of #26 wire wound between the two 
secondaries with 25 turns each of #20 wire. 
The recommended core is a Ferroxcube-!ype 
3622 pot core with a 25 mil (1t1000 in.) gap to 
prevent saturation. 

.01,... 
CERA IC 

.'FARADAY SHIELD 
I 
1.001,... 

: CERAMIC 

• I 
oJ 

+5OV 

1000,... 
lOGY 

COM 

":50V 

Figure 1. ± SOV Feed-Forward Switched-Mode Converter 
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INTRODUCTION 
NE/SE5560 Push-Pull Regulator 
This application describes the use of the 
Signetlcs NE/SE5560 adapted to function as 
a push-pull switched-mode regulator, as 
shown in Figures 1 and 2. 

February 1987 

AN122 
NE5560 Push-Pull Regulator 
Applicator 
ApplIcatIon Note 

Input voltage range is + 12 to + 18V for a 
nominal output of + 30 and -30V at a maxi
mum load current of 1 A with an average 
efficiency of 81 %. 

Featuras include feed-forward input compen
setion, cycle-by-cycle drive current protection 

8-83 

and overvoltage sensing, line regulation (to 
positive output) < 1 % for an input range of 
+ 13 to + 18V and load regulation to positive 
output of < 3% for AIL( + ) of 0.1 to 1 Amp. 

The main pulse-width modulator operates to 
48kHz with power switching at 24kHz. 

I 
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NE5560 Push-Pull Regulator Applicator 

NOTE: 

---, 
• ---

.. 

.. 

... 

_ ground and elgnal ground must be kept oeporated. 

T •• PrImary - 1SOT (C.T.) #28 
SeoondaJy - 18T (C.T.) #22 

ConI - F_ 3822 aca_ 
C.T. - 50T #28 on 

_ 2816 core (306) 

F2D bobbin 
T •• PrImary - 18T (C.T.) #18 __ (each) 62T (C.T.) #22 

ConI - _ 4229 ace material 

"<11_':0.. 
CUMIIINY ....... -

L,. La - 120T #20 on aIngIe gapped EC35 Fe...".,..,., core. ace _ 

.. 

" = 
,_" 

--
LI ,_" 

Application Note 
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...... - YO -. -" -...... -. -. • • aw _N 

""""s 

figure 1. NE/SE5580 Pulh-Pull Swltched-Mode Regulated Supply With CMOS DrIve eonveralon Logic 

February 1987 8-84 



Signettcs Uneor Products 

NE5560 Push-Pull Regulator Applicator 

. ," 

NOTE: 
Power ground and signal ground must be kept separated. 

T" Primary - 130T (C.T.) #26 
5econdaly - 18T (C. T.) #22 

Cora - Ferroxcube 3622 
3ce material 

C.T. - SOT #26 on 
Ferroxcube 2618 core (3C8) 
F2D bobbin 

T" Primary - 1ST (C.T.) #18 Saoondaries (asch) 52T (C.T.) #22 
Cora - Ferroxcube 4229 3C8 material 

L" L, - 120T #20 on lingle gappad EC35 Farroxcube core. 3C8 material 

.. 

.. 
UlliN 

...... .... 
--

LI 
101M" ...... .... 

Application Note 

AN122 

..... 

,o@ 
OVIR'IOLTAG.IINK 

•• 

..." -
COMMON 

TO -. ..... 
COlllllON 

-
+ . .... 

ow 

COMIION 

""...,. 

FIgure 2. NE/SE5560 Pueh-Pull Switched-Mode Regulated Supply With TTL Drive Conversion logic 
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Signe1ics NEjSE5561 
Switched-Mode Power Supply 
Control Circuit 

Linear Products 

DESCRIPTION 
The NE5561/SE5561 is a control circuit 
for use in switched-mode power 
supplies. It contains an internal tempera
ture-compensated supply, PWM, saw
tooth oscillator, overcurrent sense latch, 
and output stage. The device is intended 
for low cost SMPS applications where 
extensive housekeeping functions are 
not required. 

ORDERING INFORMATION 

Product Spet:lflt:lltlon 

FEATURES 
• Micro-miniature (D) package 
• Pulse-width modulator 
• Current limiting (cycle-by-cycle) 
• Sawtooth generator 
• Stabilized power supply 
• Double pulse protection 
• Internal temperature-compensated 

reference 

APPLICATIONS 
• Swltched-mode power supplies 
• DC motor controller Inverter 
• DC/DC converter 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

8·Pin Plastic DIP o to +70·C 

8·Pin Plastic DIP -55 to + 125·C 

8-Pin Cerdip o to +70·C 

8-Pin Cerdip -55 to +125·C 

8-Pin SO o to +70·C 

BLOCK DIAGRAM 

FEEO BACK 

GAIN O-''------_~ 

October 1 0, 1966 

CURRENT 
SENSE 

NE5561N 

SE5561N 

NE5561FE 

SE5561FE 

NE55610 

RT.Cr 

Vee 

8-86 

PIN CONFIGURATION 

D, FE, N Packagea 

VCCOaGND 
Vz 2 7 OUTPUT 

FEED 3 a CURRENT 
BACK SENSE 

GAIN 4 5 AT. Or 

TOP VIEW 

CD1O'''' 

OUTPUT 

Vz 

GND 

853..()889 85934 
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Switched-Mode Power Supply Control Circuit NE/SE5561 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Vee Supply1 
Voltage-forced mode +18 V 
Current-fed mode 30 mA 

Output transistor (at 20-30V max) 
lOUT Output current 40 mA 
VOUT Output voltage Vee + 1.4V V 

Output duty cycle 98 % 

Po Maximum total power dissipation 0.75 W 

TA Operating temperature range 
SE5561 -55 to +125 °C 
NE5561 o to 70 °C 

NOTE: 
1. See Voltage·Currant-fed supply characterIstiC curve. 

DC ELECTRICAL CHARACTERISTICS Vee = 12V, TA s 25°C, unless otherwise specified. 

SE55a1 NE55al 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Reference section 

TA - 25°C 3.69 3.75 3.84 3.57 3.75 3.96 V 
VREF Internal rei voltage 

Over temperature 3.65 3.88 3.55 V 3.98 

Vz Internal zener ref 'IL -7mA 7.8 8.2 8.8 7.8 8.2 8.8 V 

Temp. coefficient of VREF ±100 ±100 ppmoC 

Temp. coefficient of Vz ±200 ±200 ppm/DC 

OsCillator section 

Frequency range Over temperature 50 lOOk 50 lOOk Hz 

Initial accuracy 12 12 % 

Duty cycle range fo = 20kHz 0 98 0 98 % 

Current limiting 

TA=25°C -2 -10 -2 -10 jJA 

"N Input current Pin 6 = 250mV 
Over temp. -20 -20 jJA 

Inhibit delay lOUT = 20mA 0.88 1.10 0.88 1.10 j.tS 
Single pulse inhibit delay time for 20% 

overdrive at IQUT-40mA 0.7 0.8 0.7 0.8 j.tS 

Current limit trip level .400 .500 .600 .400 .500 .600 V 

Error amplifier 

Open-loop gain 60 60 dB I 
Feedback resistor 10k 10k n 

BW Small-signal bandwidth 3 3 MHz 

VOH Output voltage Swing 6.2 6.2 V 

VOL Output voltage swing 0.7 0.7 V 

Output stage 

lOUT Output current Over temperature 20 20 mA 

VCE Sat Ic - 2OmA, Over temp. 0.4 0.4 V 
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Switched-Mode Power Supply Control Circuit NE/SE5561 

DC ELECTRICAL CHARACTERISTICS (Continued) Vcc-12V, TA-25°C, unless otherwise specified. 

SE5561 NE5561 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

SUpply voltage/current 

Iz = 0, voltage- I TA=25°C 10.0 10.0 mA 
Icc Supply current forced J OVerternp. 13.0 13.0 rnA 

Icc = 10mA, current-fed 20.0 21.0 22.0 19.0 21.0 24.0 V 
Vcc Supply voltage 

Icc - 30mA current 20.0 30.0 20.0 30.0 V 

Low supply protection 

Pin 1 threshold 8 9 10.5 8 9 10.5 V 
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Switched-Mode Power Supply Control Circuit NE/SE5561 

TYPICAL PERFORMANCE CHARACTERISTICS 

Emir AmplHler En'Or AmplHler Transfer Curve of Pu ..... Wldth 
Open-Loop Gain Open-Loop Phase Modulator Duty Cycla va Input Voltege 

10 0 100 

I 10 ./ 50 is -30 10 , I 

! I 70 
10 e. -10 ~ 10 

/ 
iii" 1\ ~ i N. i I ! !. s. ; I 50 
z 30 !II -10 40 C c I Ii I !lli!1 : ! I Ii I 

./ 

" III ," II ' 30 
20 ~-12O 

1". I iii! 
20 

:Ie i I i. 
i 10 ./ 

10 "'-150 
I .., 

0 

I til : III I. 0 1 2 3 4 5 • 0 -110 \/4 lK 10K lOOK 1M 10M lK 10K lOOK 1M 10M ....... 
FREQUENCY (HI) FREQUENCY (HI) -- ........ 

Power Derating Curve Typical Fraquency Plot va RT and Cy 

i1.25 1 ,I 1 1 
1000 

100 I! 1.00 _ Pr-vcc tc:c +(Vcc -lIz)lz_ R-51<O 2 + ~ I? • DUTY CYCLE! 50 

if 
30 -10KO 10,75 "'- l 20 ~n 

0.50 t-..... .. 10 r- ttl 
~ i 0.25 

5 

3 

g ...... 2 

0 
5E CrT ... 1 

25 50 70 100 125 150 2 2,5 3 3.5 4 4.5 
AMBIENT TEMI'IRATURI (OC) C(nF) - -- 101' .... 

Maximum Duty Cycle va 
Base Voltage on Ql Start-Up Circuit Siow-start Voltage 
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l 10 6MAX(%) 
II zr--VI 114 
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10 RI 4 

§ 50 VI .-;,-" '-
10 
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Switched-Mode Power Supply Control Circuit NE/SE5561 

TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 

NE5561 Voltage-Current-Fed 
Supply Characteristics Current-Fed Dropping Resistor 

•• 
.ll ,. 

I , 
• • ,. .. 

Yee 

NE5561 Start-Up 
The start-up, or initial turn-on, of this device 
requires some degree of external protective 
duty cycle limiting to prevent the duty cycle 
from initially going to the extreme maximum 
(6) 90%). Either overcurrent limit or slow
start circuitry must be employed to limit duty 
cycle to a safe value during start-up. Both 
may be used, if desired. 

To implement slow-start, the start-up circuit 
can be used. The divider Rl and R2 sets a 
voltage, buffered by Ql, such that the output 
of the error amplifier is clamped to a maxi
mum output voltage, thereby limiting the max
imum duty cycle. The addition of capacitor C 
will cause this voltage to ramp-up slowly 
when power Is applied, causing the duty cycle 
to ramp-up simultaneously. 

October 10, 1986 

.. 
- vs-va; 

Rvcc·~ 

NOTE: 

VI 

Avec 

, Vee 

TenDlil 

See DC EloctrIcaI Characterlstlco lor CUrrent Fed Va; Range. 

Overcurrent limit may be used also. To limit 
duty cycle in this mode, the switch current is 
monitored at Pin 6 and the output of the 5561 
Is disebled on a cycle-by-cycle basis when 
current reaches the programmed limit. With 
current limit control of slow-start, the duty 
cycle Is limited to that value, just allowing 
maximum switch current to flow. (Approxi
mately 0.50V measured at Pin 6.) 

APPLICATIONS 

5V, O.5A Buck Regulator 
Operates from 15V 
The converter design shows how simple It is 
to derive a TTL supply from a system supply 
of 15V (see Figure 1). The NE5561 drives a 

8-90 

2N4920 PNP trensistor directly to provide 
switching current to the inductor. 

Overell line regulation is excellent and covers 
a range of 12V to 18V with minimal change 
( < 10mV) in the output operating at full load. 

As with all NE5581 circuits, the auxiliary slow 
start and ~AX circuit Is required, as evi
denced by Ql. The ~ limit may be calcu
lated by using the relationship: 

R2 
Rl + R2 (8.2V) = V~ 

The maximum duty cycle is then determined 
from the pulse-width modulator transfer 
graph, with Rl and R2 being defined from the 
desired conditions. 
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Linear Products 

INTRODUCTION 

SV, O.SA Buck Regulator 
Operates From 1SV 
The converter design shows how simple it is 
to derive a TTL supply from a system supply 
of 15V (see Figure 1). The NE5561 drives a 
2N4920 PNP transistor directly to provide 
switching current to the inductor. Overall line 
regulation is excellent and covers a range of 
12V to 18V with minimal change « 10mV) In 
the output operating at full load. 

As with all NE5561 circuits, the auxiliary slow 
start and 6",AX circuit is required, as evi
denced by 01. The ~ limit may be calcu
lated by using the relationship. 

R2 
Rl + R2 (8.2V) = V6",AX 

Or 

AN123 
NE5561 Applications 
AppllClltlon Note 

The maximum duty cycle Is then determined 
from the pulse-width modulator transfer 
graph, and Rl, R2 are defined from the 
desired conditions. (See Figure 2.) 

NES561 Boost Converter With 
Output Variable (18V to 30V, 
O.2A) 
The circuit shown uses the NE5561 SMPS 
controller in a non-Isolated boost converter 
operating from a 15V line. The addition of 
three transistors and one diode is necessary 
to complete the design (see Figure 3). 

Operation is as follows. 01 is a combination 
slow start and max duty cycle limit transistor. 
When power Is first applied to the circuit, C7 
in a discharged state begins to charge toward 
the divider voltage, V". This VB + VBE controls 
the voltage on Pin 4, the error amp output, 
causing the duty cycle to be limited initially to 

1IiII 

60, then to gradually approach its normal 
operating range, 6. The base divider is fed 
from Vz, which is nominally 8.2V. 

Output regulation starts at the error amplifier, 
with gain set by R2 (adj) and R5 combination. 
The error amp is stable for closed loop gain in 
excess of 40dB (X 100), for which the regula
tion will be approximataly 1 %. C4 is added to 
the output to Insure stability at gain below 
40dB. C4 creates a dominant poie at approxi
mately 1 kHz, descending at 6dB per octave 
to unity near 1 MHz. Input to the error amplifier 
is referenced to 3.75V and must reach this 
reference level for the output of the NE5561 
to be active. Output voltage is then the 
quantity 3.75V times the divider ratio from 
VOUT to Pin 3 as set by R2. 

If the ratio is, for instance, 10:1, the output will 
be"" 37V. If the ratio is 5:1, the output will be 
"" 18.5V, etc. 

..-____ ~,..._.-~lI,.2WI\r_--_--~,..._.--_O~";;. +18V '. 
+ 1OO,d' 

IiIN 
OJIII22,oF AAJ 

S%MYLAR • .,..,. JTANTALUM 
*..----11 t---_-----, 

18K 

2.2KO 
0A7,.F 

CEllAllIC 

~I--..--+---' 
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III 
UK 

+8.2V 

360D 

0.1,.F 
CERAMIC 

aHv.------------~~-----------~ 

IKO 

'=' 
L 1 29T 1120 wire 
Ferroxcube 2818 (3C8) core 

Figure 1_ NE5581 5V/O.5A Buck Converter 
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::~~~~---------~~------------ ~~~ 
+12V r 

~----------------------

.1 ... ~L1INDUCTOR 
0." ~CURRENT 

0._ I 

+14V r 
+13V l 

L-__ --====== 
+lSV ~ +14V .. -----_-1 
+13V 

~----------------------

Q2 COLLECTOR 
VOLTAGE 

Q2E11lnER 
VOLTAGE 

WF'''''''' 
Figure 2. Typical Buck Converter Waveforms 

_t--+,3 NE5&I1 

r
I , 

R7 

I 
I 
I C4 11K 
L ___ _ 

Il.OWBTAR7 
AND DUTY CYCLE Lllrr '=" 

NOTES: 
co Is the timing capacitor 
Lt Is FOITOXCUbe 2616 

IO-mF 
':' 

SC6 with 14 turn. 01 #18 enameled wire (0.14 mH) 

[ Rll ] MMAX, is a function of f --- (Vz) + VeE 
Rl0+Rll 

Application Note 
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Output to Q2 base is a square wave of 
variable duty cycle as determined by load 
demand. The internal trensistor is open-col
lector and must have a pull-up resistance; in 
this application the base circuit of Q2. The 
duty cycle Il Is a fraction between 0 and 1. 
The actual on time is proportional then to 
Il X T, where T is the period of the free
running frequency of the sawtooth generator 
internal to the NE556l. Frequency is set by 
the RC combination, R7 X C5 with charging 
current supplied from Vz (8.2V). The stabiliz
Ing effect of the internal zener supply gives a 
constant frequency. The sawtooth waveform 
is related to duty cycle as shown below. 

+SV I ..........., ..........., 
vr V ,Vs 

+1.6V I : I 
o---T----' 
I I I 

l..:.FLJ V7 

IY7 NOT TO SCALE) 

HI ca . 
21Kr 47O,oF 

• POT fIN . 

WF15510S 

TONE5&I1'=" '=" 
Q3 PIN a 
BU407 

R8 R8 AI 
fI80 ~ 5100 

°HIGH CURRENT 
COMMON 

Figure 3. DC·to-DC SMPS Using NE5561 Variable 18V to 30V Out at O.2A 
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NE5561 Applications 

as is switched on during the seturated por
tion of the output waveform from Pin 7 of the 
NE5561, tenned 6, end is switched off during 
the remainder of the cycle (1 - 6). 

The sawtooth frequency Is set at approxi
mately 22kHz in this example. The NE5561 is 
capable of operation to 100kHz, however. 

Pin 6 of the NE5561 operates an overcurrent 
protective feature which resats the output on 
Pin 7 if the inatantaneous Pin 6 voltage 
exceeds O.50V. In this case, R6 daterrnlnes 
the peak current of as emitter circuit prior to 
shutdown. The operation of the overcurrent 
circuit is on a pulse-to-pulse basis, returning 
to normal as soon as the Pin 6 voltage falls 
below O.50V. As is noted, a small degree of 
filtering is needed to eliminate short switching 
transient, allowing only the primary current 
wave fonn to be sensed. 

Switching circuit operation proceeds as fol
lows. as turns on, causing magnetization 
current to begin Increasing In L 1, the switch
Ing indicator. After Initial start-up, C3 Is 

charged to the output, thus with Q3 on, Diode 
01 is reverse-biased and does not conduct 
during the duty cycle, Ii. C3, the output 
capacitor, sustains the full load current during 
this part of the cycle. When as turns off, the 
magnetic field energy previously stored in L 1 
is discharged through 01, which is now for
ward-biased. The output capacitor is Incre
mentally charged, restoring its depleted volt
age. The ripple voltage is a function of the 
size of C3 end Its internal resistance. For 
minimum ripple, a low ESR (Equivalent Series 
Resistance) capacitor must be used, since 
previously-mentioned peak load current flows 
in C3. 

Single Transistor 100V, 250mA 
Buck Converter (Off-Line) 
With a single 15V zaner diode to limit pack
age dissipation, the NE5561 controller may 
be operated directly from the rectified AC line. 
The following example shows the simpliCity of 
such a converter which is capable of a 
nominal 100V output (see Fl\lure 5). A base 
drive transformer is used to gain high voitage 

AI 
27KO 

Application Note 

AN123 

isolation between the NE5561 and the 
switching transistcr, and to provide adequate 
base drive. A low power PNP transistor is 
used in an auxiliary slow-start and duty cycle 
limiting circuit to prevent over-excitatlon (Q1). 

ri-J~~ri~~~}~Prr 

H-++-HHI++~} :eRM 
PIN 7 

Figure 4. SwItching Waveforma 

Operation Is a8 follows. Drive from the 
NE5561 output is fed to the primary of n, 
baee drive trensionner, with a pulse-width 
modulated signal causing Q2 (BU407) to 
switch current to Inductor, L 1. As the current 

FIgure 5. NE5561 100V/O.25A Swltched-Mode Converter 
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builds uP. energy Is stored In L 1. coincldent 
with the seturatlon period (&) of the NE5561 
output stege. During this period. current also 
flows through· L 1 to Co and the load. When 
02 cuts off. the choke field collapses and 01 
conducts es the load Is sustelned by the 
Inductor-stored energy. 

VOUT is sampled by the divider R7 and R8. 
rising until the Junction of the divider i8 forced 
to 3. 75V. Load variations are thus translated 
to duty cycle variations to maintain constent 
voltage at the output. The meesured efficien
cy at 0.5A load Is in excess of 72%. Une 
regulation Is good from approximatsly 93V to 
120V. 

The bess current waveform driving 02 is 
shown in Figure 4. This Indicates that the 
BU407 bese current rises Initially to SOmA to 
obtain fest turn-on. then settles to about 
40mA for the remainder of the duty cycle. 6. 
Reverse-biasing of the emitter-bess junction 
occurs to enhance turn-off. 

Snubber networks are necessary. es shown 
across 02 and commutation diode 01. to 
prevent component failure during fest switch
ing. It is critical that these networks be placed 
physically adjacent to the respective compo
nents they protsct, and that low inductsnce 
capacitors and resistors be used as snubbers 
(ceramic or dura mica caps and carbon resis
tors). 

February 1987 

The bese drive transformer is constructed 
using a Ferroxcube 2616-308 core. with pri
mary of 120 turns of #26 wire. and 20 turns 
of #26 on secondary. The primary Is wound 
In a simple solenoidal manner. first on the 
bobbin. followed by a layer of myler tape to 
provide voltage Isolation. Next. the secondary 
winding Is added. Primary Inductsnce meas
ures 45mH with a leakage Inductance of 
120jlH. It Is Important to have sufficient 
primary Inductance to prevent excessive 
droop in bess drive current. Also. leakage 
reactance must be kept reasonably low to 
minimize ringing. 

DC Motor Drive with Fixed 
Speed Control 
The circuit shown In Figure 7 Incorporetes a 
simple switched-mode approach to DC motor 
control. which Is efficient and free of the 
dissipation problems Inherent in lineer drives. 
The NE5561 provides pulse-proportionsl 
drive and speed control based on DC ta
ch9metsr feedback. A simple switching circuit 
conSisting of one transistor (2N492O PNP) 
and a commutation diode Is used to. deliver 
programmed pulse energy to the motor. 

A frequency of approximately 20kHz is used 
to eliminate audio noise present in some 
switching drives. The DC tach in this example 
delivers 2.7V11000 RPM. Its output is such 
that negative feedback occurs when this 
voltage Is applied to the error amplifier of the 
NE5561. Pin 3. through a suitsble divider. 
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Nots that the voltage to Pin 3 must be 3.75V 
In order to obtain servo lock. Thus. the divider 
from the tach output must be appropriate to 
maintain the proper ratio for speed control to 
occur. 

As shown In the waveform pattern (Figure 6). 
duty cycle varlea directly with load torque 
demand. No load current Is "" 0.3A and full 
load Is 0.6A. Current and voltage waveforms 
at O.SA are shown in Figure 6. If desired. 
torque limiting may be set by feeding a 
derivative of motor retum current back to Pin 
6 of the NE5561. 

Operating range is 12V to 18V input for a tach 
output nominal varletion of less than 20mV. 
and approximately 4.35V for the divider val
ues shown. The motor is a Globe 100A 565 
rated at 12Voc. 
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Figure 6. Switching Waveforms 
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Synchronization of the 5561 can be accom
plished by forcing the timing pin (Pin 5) above 
the 5.6V sawtooth limit comparator for a short 
time. 

+UV ~ d : ,TIMING 
: : SAWTOOTH 

+1.1V I , I I +IV(TYPo) 

EXTERNAL 
SYNC 

This can be accomplished with a simple 
dlode-ccupled narrow pulse source with fairly 
low source impedance: 

SYNC 
Co GENERAtOR 

1"'-........ -,-_--.-.. -11---0 Jl 

February 1967 

AN124 
External Synchronization for the 
NE5561 
Appllcstlon Note 

A drawback to this approach is that when the 
5.6V threshold Is reached, a discharge tran
sistor is tumed on to quickly pull the timing 
capacitor to ground and will also attempt to 
pull the pulse generator to ground. This 
condition cen be avoided by keeping the 
pulse width very narrow (0.1/18) or by placing 
a differentiator network between the pulse 
generator and the diode. 

The differentiator will now produce a positive
going spike with the poSitive edge of the sync 
pulse, resetting the sawtooth without passing 
too much current through the discharge tran
sistor. The negative spike produced by the 
falling edge of the clock will be blocked by the 
diode and will have no effect on the sawtooth 
ramp. A narrow sync pulse is no longer 
necessary while a sharp-edged pulse is. The 
value of Co should be sufficient to ensure that 
a 10V pulse will drive the cepacitor, Cr, high 
enough to trip the 5.6V comparator according 
to: 

8·96 

This relates the magnitude of the spike to the 
size of the pulse. Also assume RoCo < 1/18. 

The free-running frequency of the slaved 
5561 should be slightly lower than the sync 
frequency for proper operation. 
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DESCRIPTION 
The NE/SESS62 is a single-output con
trol circuit for switched-mode power 
supplies. This single monolithic IC con
tains all control and protection features 
needed for full-featured switched-mode 
power supplies. 

The 100mA source/sink output is de
Signed to drive power FETs directly. The 
associated output logic is designed to 
prevent double pulsing or cross-conduc
tion current spiking on the output. 

All of the control and protect features 
work cycle-by-cycle up to the maximum 
operating frequency of 600kHz. 

For ease of interface, all digital inputs 
are TTL or CMOS compatible. 

The NESS62 is supplied in 20-pin glass/ 
ceramic (Cerdip), plastic DIP, and plastiC 
SO packages. The NE grade part is 
characterized and guaranteed over the 
commercial ambient temperature range 
of O'C to + 70'C and junction tempera
ture range of O'C to + 8S·C. The 
SESS62 is supplied in the glass/ceramic 
(Cerdip) package. The SE grade part is 
characterized and guaranteed over the 
ambient temperature range of -SS to 
+ 12S'C and junction temperature range 
of -SS to +13S·C. 

ORDERING INFORMATION 

Product Specification 

FEATURES 
• Stabilized power supply 
• Temperature-compensated 

reference source 
• Sawtooth generator 
• Pulse width modulator 
• Remote on/off switching 
• Current limiting (2 levels) 
• Auxiliary comparator, with 

adjustable hysteresis 
• Loop fault protection 
• Demagnetlzatlon/overvoltage 

protection 
• Duty cycle adjust and clamp 
• Feed-forward control 
• External synchronization 
• Total shutdown after adjustable 

number of overcurrent faults 

• Soft-start 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

20-Pin Plastic SO o to +70'C NE5562D 

20-Pin Ceramic DIP o to +70'C NE5562F 

20-Pin Plastic DIP o 10 +70'C NE5562N 

20-Pin Ceramic DIP -55'C 10 +125'C SE5562F 
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Switched-Mode Power Supply Control Circuit NE/SE5562 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Supply 
Vs voltage-fed mode (Pin 17) 16 V 
Icc current-fed mode (Pin 7) 30 rnA 

Output transistor 100 rnA 
output current 

Sync (Pin 11) Vs V 

Duty cycle control (Pin 5) Vz V 

Remote onloff (Pin 6) Vs V 

Output invert control (Pin 15) Vs V 

Feedback pin (Pin 8) Vz V 

COELA y (Pin 16) Vz V 

External mod in (Pin 4) Vs V 

FF Feed-forward (Pin 1) Vs V 

Demag/overvoltage in (Pin 18) Vz V 

Current sense (Pin 14) Vs V 

Low supply sense and hysteresis Vs V 
(Pins 12, 13) 

TJ Operating junction temperature 135 ·C 

TSTG Storage temperature range -65 to +150 ·C 

TSOLD Lead soldering temperature (10sec) 300 ·C 

NOTES: 
I. Ground Pin 20 must always be the most negative pin. 
2. For power dissipation, see the application section which follows. 

RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER RATING UNIT 

Supply 
voltage-fed 10 to 16 V 
current-fed 15 rnA 

TA Ambient temperature range 
NE grade o to +70 ·C 
SE grade -55 to +125 ·C 

TJ Junction temperature range 
NE grade o to +85 ·C 
SE grade -55 to +135 ·C 

DC AND AC ELECTRICAL CHARACTERISTICS VCC - 12V, specifications apply over temperature, unless otherwise 
specified. 

SE5562 NE5562 
SYMBOL PARAMETER TEST PINS TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Internal rater.nca 

VREF Reference voltage Internal TA - 25·C 3.76 3.80 3.84 3.76 3.BO 3.B4 V 

VREF Reference voltage Internal Over temp. 3.72 3.8 3.90 3.725 3.8 3.870 V 

Temperature stability Internal 30 30 ppmrC 

Long-term stability Internal 0.5 0.5 
p.v/ 

1000hrs 
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Switched-Mode Power Supply Control Circuit NE/SE5562 

DC AND AC ELECTRICAL CHARACTERISTICS (Continued) vee = 12V, specifications apply over tamperature, unless 
otherwise specified. 

SE5582 NE5562 
SYMBOL PARAMETER TEST PINS TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Reference 

Vz Zener voltage 9 
IL=7mA, 

7.35 7.60 7.75 7.35 7.6 7.75 V 
TA=25°C 

Vz Zener voltage 9 
1i,=7mA, 

7.25 7.60 7.20 7.78 V 
Over temp. 

lNz/t:"T Temperature stability 9 IL < 1mA 50 50 ppmfOC 

Low supply shutdown 

Comparator threshold 
Internal TA = 25°C 8.30 8.45 8.75 8.30 8.45 8.75 V 

voltage 

Comparator threshold 
Internal Over temp. 8.00 8.45 8.90 8.00 8.45 8.90 V 

voltage 

HysteresiS Internal 25 50 8.00 25 50 800 mV 

OSCillator 

fMIN 
Frequency range, 1,2, AT - 42.7kO, 60 80 60 80 Hz 
minimum 3, 11 Cr-0.47j.1F 

fMAX 
Frequency range, 1, 2, AT = 2.87kO, 

800 600 kHz 
maximum 3,11 Cr=380pF 

fo- 52kHz, 

Initial accuracy 
1, 2, AT= 16kO 

48.8 54 59.4 48.6 54 59.4 kHz 
3, 11 and Cr - 0.OO15j.1F, 

TA=25°C 

Voltage stability 
1,2,3, 

10V<Vs<18V -215 -215 ppmlV 
11, 17 

Temperature stability 
1,2, 

300 500 300 500 ppm/oC 
3, 11 

Sawtooth peak voltage 2, 3 TA - 25°C1 5.00 5.25 5.40 5.00 5.25 5.40 V 

2,3 Over temp. 4.80 5.25 5.60 4.80 5.25 5.60 V 

Sawtooth valley voltage 2,3 TA=25°C 1.25 1.70 2.00 1.25 1.70 2.00 V 

2,3 Over temp. 1.0 1.7 2.1 1.25 1.7 2.0 V 

Sync. in high level 11 2.0 Vz 2.0 Vz V 

Sync. in low level 11 0.0 0.8 0.0 0.8 V 

Sync. in bias current 11 
(Scurced), 

0.50 10.0 0.50 10.0 ILA V11 <0.8V 

Feed·forward ratio, 
1 2 2 

maximum 

Feed·forward duty cycle 1 VFF- 2VZ, 11 13.5 19 11 13.5 19 % 
TA = 25°C 

reduction 
1 Over temp. 6 13.5 22 8 22 % 

Feed·forward reference 
9 Vz Vs Vz Vs V 

voltage 

Feed·forward bias current 1 2.5 50.0 2.5 50.0 ILA 

March 1986 8·100 



Signetics Unear Products Product Specification 

Switched-Mode Power Supply Control Circuit NE/SE5562 

DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Vrx; - 12V, specifications apply over temperature, unless 
otherwise specilled. 

SE5562 NE5562 
SYMBOL PARAMETER TEST PINS TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Error amp 

IBIAS Input bias current 8 1.0. 5.0 1.0 5.0 IlA 
AVOL DC open-loop gain 8,10 RL> 100kG 80 86 80 86 dB 

VOH High output voltage 10 ISOURCE - 1 rnA 5 5 V 

VOL Low output voltage 10 ISINK- lmA 2.0 2.0 V 

PSRR from Vz and Vs Internal 10 < 300kHz -40 -40 dB 

BW 
Small-signal gain band-

8 8 MHz 
width product 

Feedback resistor range 1 240 1 240 kG 

ISINK Output sink current V8=Vl0=5V 10 10 mA 

ISOURCE Output source current 
V8=3V, 

5 5 mA 
Vl0= 1V 

Sawtooth leedthrough 
Av= 100, 

200 200 mV 
0% duty cycle 

PWM comparator and modulator 

Minimum duty cycle 19 @VCOMP<' 0 0 % 
1= 300kHz 

@VCOMP>' 
Maximum duty cycle 19 I-300kHz, 95 98 95 98 % 

VI5=OV 

f -15kHz to 
Arx; Duty cycle 10,19 200kHz, 41 49 55 41 49 55 % 

VIN = 0.472 Vz 

tpo 
Propagation delay to 

2, 19 V,S- 0 400 400 ns 
output 

IBIAS 
Bias current, extemal 

4 (Sourced) 0.20 20 0.20 20 IlA modulator input 

IBIAS 
Bias current, duty cycle 

5 (Sourced) 0.20 20 0.20 20 IlA control 

Sott-start trip voltage 5 .910 0.955 0.990 0.922 0.955 0.988 V 

Remote on/off (shutdown) 

Output enabled 6 0 0.80 0 0.80 V 

Output disabled 6 2 Vz 2 Vz V 

IBIAS Bias current 6 1 10 1 10 IlA 
VIN Maximum input voltage 6 Vz Vz V 

Delay to output(s) 6, 19 400 400 ns 
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Switched-Mode Power Supply Control Circuit NE/SE5562 

DC AND AC ELECTRICAL CHARACTERISTICS (Continued) vee - 12V, specifications apply over temperature, unless 
otherwise specified. 

SE6682 NE6682 
SYMBOL PARAMETER TEST PINS TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Currant limit comparator(s) 

Shutdown, OC2 14 .593 0.645 .697 0.593 0.645 0.697 V 

Minimum duty cycle, OCI 14 .466 0.528 .570 0.466 0.528 0.570 V 

IBIAS Bias current 14 (Sourced) 0.5 50 0.5 50 /lA 
OC1 COELAY charge current 16 -18.2 -13 -6.5 -18.2 -13 -7.8 /lA 
OC2 COELAY charge current 16 -770 -550 -250 -770 -550 -330 /lA 

CDELAY Discharge current 16 VI2=Vz 0.4 1.4 4.0 0.8 1.4 2.0 /lA 

COELAY Shut off trip level 16 TA = 25°C 3.75 3.86 3.97 3.75 3.86 3.97 V 

Auxiliary comparator with shutdown 

IBIAS Bias current 12 (Sourced) 1 10 1 10 /lA 
Threshold voltage 12 3.69 3.80 3.91 3.69 3.80 3.91 V 

COELAY Discharge current 12 VIN=3V 5 10 5 10 mA 

Hysteresis 12, 13 10 10 mV 

Demagnetization overvoltage comparator 

IBIAS Bias current 18 2 10 2 10 /lA 
Threshold voltage 18 3.62 3.80 3.91 3.69 3.80 3.91 V 

Hysteresis 18 10 10 mV 

Output stage 

VOH High output voltage 19 ISOURCE m 100mA Vs-2.5 Vs-l.9 Vs-2.5 Vs-l.9 V 

VOL Low output voltage 19 ISINK=2mA 0.16 0.4 0.16 0.4 V 

VOL 19 IsiNK = loomA, 1.4 2.0 1.4 2.0 V 
TA - 25°C 

19 ISINK - loomA, 2.25 2.25 V 
over temp. 

ISINK max 19 100 100 mA 

ISOURCE max 19 100 100 mA 

IR Rise time 19 CL =2000pF 160 180 ns 

IF Fall time 19 CL =20oopF 80 80 ns 

Supply current/voltage 

10V<Vs<16V 
lee Supply current 17 (Voltage-fed mode), 9 15 9 15 mA 

VI<VS 

11-15mA, 
Vs Input voltage 7,17 (Current-fed mode) 14.2 15.3 16.7 14.2 15.3 16.7 V 

Vs- meter 

Operating frequency range for all functions but teed·forward working cycle-by-cycle 

'MIN Minimum frequency All 
RT-42.7kn, 6b 80 80 80 Hz 
Cr-0.47j1F 

fMAX Maximum frequency All 
RT-2.87kn, 

800 1000 800 1000 kHz 
Cr-380pF 

NOTE: 
1. Sawtooth peak and valley voltages ware designed to be temperature-dependant to provlda the frequency Independence 01 temperature. 
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Switched-Mode Power Supply Control Circuit NE/SE5562 

THE NE/SE5562 THEORY OF 
OPERATION 

INTRODUCTION 
Switched-mode power conversion relies on 
the principle of pulsed energy storage in an 
inductive or capacitive element. Capacitive 
switched converters are typically used with 
low power systems for which only tens of 
milliamperes are required. Medium and high 
power converters tend to use inductive stor
age elements as shown in Figures 7 - 9 with 
which a single switch may be moved around 
to create step-up (flybeck) positive or nega
tive polarity and step-down (forward or buck) 
conversion from a fixed-voltage source. The 
relationship between input and output voltage 
in each case is controlled by the switching 
on-ta-off ratios. which is termed duty cycle. 
Duty cycle modulation is the common factor 
in this basic type of power control mecha
nism. By adding a high-gain operational am
plifier. having one input tied to a stable DC 
reference voltage. configured in a negative 
feedback loop to maintain a constant output 
voltage as shown in Figure 10. the switched
mode controller becomes a dynamic voltage 
regulator. It is this single-switch topology that 
is most readily adapted to the NE/SE5562 
SMPS Control IC. 

The ability to switch inductor currents at rates 
up to 600kHz with state-of-the-art power 
FETs makes the design of small. efficient 
switching power converters an attainable re
ality. Protective features such as programma
ble slow-start and cycle-by-cycle current limit
ing allow safe. maintenance-free power 
supplies to be mass-produced at reduced 
cost to the manufacturer. Integrated technol
ogy makes long-term reliability a predictably 
achievable goal. 
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Switched-Mode Power Supply Control Circuit 

THE NE/SE5562 THEORY 
OPERATION 

The Sawtooth Oscillator 
The sawtooth oscillator consists of a gated 
charge-discharge capacitor circuit with 
threshold comparators setting the peak and 
valley voltages of the ramp. The resistor 
divider Rl - 3 is supplied with a source volt
age derived from either Vz (7.50V) minus two 
diode drops, or, when feed-forward is in 
control, a voltage greater than Vz and propor
tional to the main supply voltage. The nominal 
uppar threshold voltage is 5.25V and the 
lower threshold 1.70V. These then determine 
the sawtooth peak and valley voltages, re
spectively. 

Operation 
Beginning with the charge cycle, ramp volt
age builds up on the timing capacitor due to a 
constant current supplied to the node at Pin 
2. When capacitor voltage reaches the upper 
threshold, comparator A switches, setting the 
latching flip-flop. The output of the latch goes 
high, generating a clock pulse. The discharge 
transistor is simultaneously turned on, reduc
ing charge on the timing capacitor to the point 
at which the lower threshold voltage, 1.70V, is 
reached. The lower comparator is then acti
vated, resetting the latch and terminating the 
clock pulse. Note that the discharge transis-

tor is referenced to the same return diodes as 
the threshold resistor divider and the dis
charge current Is made to track with the 
charge current This charge and discharge 
tracking results in a true sawtooth waveform 
even at extended frequencies. Figure 15 
shows a family of curves which explains the 
relationship between RT, Cr, and the frequen
cy of the sawtooth generator. The data sheet 
shows the initial accuracy of the oscillator at 
60Hz and 600kHz. 

THE PULSE WIDTH 
MODULATOR AND ERROR 
AMPLIFIER 
The PWM consists of a multi-input voltage 
comparator (Figure 13) having its positive 
input tied to the sawtooth ramp voltage and 
the various negative inputs referenced to 
ORed control signal nodes. The primary con
trol signal is the error amplifier output voltage 
node which sets the active duty cycle termi
nation point of the PWM output waveform. As 
the error amplifier input signal derived from 
the power supply load voltage varies, for 
instance in a negative direction, the amplifier 
output moves upward, raising the PWM com
parator toward longer duty cycles at the 
output on Pin 19. The start-up sequence 
begins with zero voltage at the input to the 

r-----------1------------,+~ 
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error amplifier. Since this could signal an 
open feedback loop, the loop fault compara
tor on Pin 8 clamps the PWM duty cycle until 
the feedback voltage exceeds O.955V. A 
second comparator monitors the duty cycle 
control, Pin 5, with the same threshold level, 
inhibiting the output via the start-stop latch 
(Figure 14). 

The charging of the slow-start capacitor pro
vides a controlled ramp-up of the output duty 
cycle and a resultant gradual increase in 
energy fed to the output magnetics. 

The dynamic response of the PWM compara
tor is shown in the simulated waveform draw
ing of Figure 15. The error amplifier output 
voltage is depicted as sloping positive (in
creasing) with time as referenced to the 
sawtooth waveform. This causes the duty 
cycle to increase with time. This is an indica
tion of an increasing load on the power supply 
as output voltage is decreasing. The Pin 5 
(8MAXl control voltage is also superimposed 
midway on the sawtooth, indicating the limits 
of duty cycle increase as the output waveform 
no longer increases in duty cycle aiter the 
~AX threshold is crossed. A hypothetical 
overcurrent pulse (Pin 14) is shown to illus
trate cycle termination immediately at the 
output (Pin 19). 
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The error amplifier's non-inverting input Is tied 
to a bandgap reference of 3.S0V, accurate to 
± 2% at 25'C. The temperature stebility of the 
voltage reference Is 30ppm/'C. 

The error amplifier Is designed for an open
loop gain of S6dB having a small-signal unity 
gain bandwidth of 3MHz. Closed-loop gain is 
stable to 1OdB, as shown in Figure 17. The 
DC output excursion of the amplifier is capa
ble of controlling the full PWM range of 0 to 
95%. The amplifier can sink 10mA and 
source 5mA. The nominal DC output for 50% 
duty cycle is 3.55V. Feedback control resistor 
value may renge from 1 kn to 240kn without 
overload or instability. However, low closed
loop gains must be compensated by lag lead 
network techniques for optimum stability. 
Loop compensation networks may intersect 
the open-loop gain curve with a slope 2 
closure and must thEIn be compensated to 
maintain overall phase and gain margin (Fig
ure 16). 
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Feed·Forward Compensation 
(Pin 1) 
To provide a means of automatically improv
ing IIne-ta-load voltage regulation, a tech
nique called feed-forward regulation is made 
a part of the NE/SE5562 active mechanism. 
Referring back to the diagram for the saw
tooth oscillator, note that Pin 1 is capable of 
changing the Internal supply voltage to the 
charging circuit for the timing capacitor, Ct. 
With a nominal duty cycle of 30%, for in
stance, increasing Pin 1 voltage by 1V from 
10.3 to 11.3 will reduce the output duty cycle 
by approximately 5%. Thus, a primary has 
caused a decrease in volt-seconds (duty 
cycle X primary volts) of 5/30 or 16% (Figure 
4). The result is a small over-compensation in 
the output energy, but an overall sefe margin 
in transformer flux. 
NOTE: 
Figure 18 shows a delta V1 of 7.SV. 

The mechanism which produces inverse duty 
cycle modulaticn is shown in Figure 1 B. 
Increasing Pin 1 voltage beyond the value of 
V z (7.50V) increases the charge rate on Cr, 
causing the duty cycle to be terminated 
earlier for each cycle that input voltage is 
increased. The threshold voltages at the 
sawtooth limit comparator reference inputs 
are changed with Pin 1 also in order to offSet 
any change in oscillator frequency. 

The secondary benefit of using feed-forward 
is the attenuation of any low-frequency AC 
riding on the DC supply before it reaches the 
regulated output. 

Note that a starl delay circuit is added to the 
Pin 1 dMder in order to prevent internal race 
conditions during initial power-up. Once the 
tum-on transient has decayed, normal opera
ticn of the feed-forward circuit is assured. 
Figure 19 shows an RC delay placed in a 
base clamping circuit to provide reliable starl
ing. 
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SYNCHRONIZATION 
The synchronization of the sawtooth oscilla
tor to an external pulse of negative-going 
polarity is shown in Figure 20. When the sync 
input pulse crosses the 1.5V threshold, nega
tive, the sawtooth oscillator is prevented from 
discharging the timing capacitor, causing the 
charge voltage on the capacitor to remain 
high (5.25V) until the sync pulse again goes 
above 1.5V, allowing reset. This action 
stretches the period of the oscillator and 
results in a lower frequency undersynchroni
zation control than the free-running frequen
cy. 
NOTE: 
See oscillator schematic. Figure 12, for sync circuit 
delails. 

The following relationship holds

ffrea-run > f sync 

1 
fsync=-

to + T 

A typical recommended starting point in cal
culating frequency for synchronous operation 
is to set the free-run frequency approximately 
10% higher than the sync frequency. Then 
set the pulse width, T, to 10% of 10, the free
run period, with the desired new frequency 
determined by the sum as above. 
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DUTY CYCLE LIMIT (PIN 5) 
The forward or buck converter, and even the 
flyback converters, may require an automatic 
duty cycle lim~ to prevent trsnsformer satura
tion or unstable behavior. A special Input 
provides access to the PWM comparator for 
this purpose. As discussed previously in re
gard to the error amplifier, increasing load 
demand may drive the system current beyond 
safe limits. A simple solution is the placement 
of a duty cycle limit within the system dynamic 
response before this can occur. Figure 13 
shows the PWM comparator with its multiple 
input ports. All are inverting in polarity and 
provide a lowest priority level sensing circuit. 
Tha lowest level on Pin 4, 5, or 10 gains 
control of the duty cycle limit. During normal 
operation, the 6MAJ( circuit sends a continu
ous threshold signal to the PWM comparator, 
setting a fixed limit on how much the error 
amplifier is ailowed to increase the duty cycle 

DELTA 
MAX TO 

PWMCOMP 

SLOW 
START 

CAP 

in response to load demand. Figure 22 shows 
the circuit within the NE/SE5562 which actu
ally controls duty cycle as listed below: 

1. Duty cycle ramp-up (slow-start) during 
power-up. Time constant controlled by 
external R, C ramp voltage at Pin 5. 

2. Slow-start if remote ON/OFF is actuated, 
if OC2 threshold trips, demagnetizationl 
overvoltage is sensed, or low supply 
voltage to the Internal regulator is sensed 
rYs .,; 8.45V). 

3. Note that Pin 8 is monitored by the loop 
fault comparator. When the regulated 
supply feedback drops below this thresh
old level (0.955V), the duty cycle Is 
clamped by two diodes in series with a 
2kU load across Pin 5 to ground. This 
implies a minimum duty cycle condition 
as long as the low output level remains. 

Referring to the graph In Figure 23, the 
designer may choose a divider ratio which, 
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when referenced to Vz, 7.5V, provides an 
easy duty cycle limit control. For example, a 
50% limit results in a ratio of 0.48. Setting R2 
at a nominal value between 10 and 20kU and 
solving for R" the proper limit Is obtained. 

Example: 
A duty cycle limit of 50% Is required for a 

forward converter. 
R2 - 10kU, find R, 

- 0.48 

= 0.48 (R, + R2l 

- R2- 0.48R2 

...:R~:.:.1_-_0_.48...:.) :.R, =-
0.48 

10kU(0.52) 

0.48 

= 10.8kU 

vz~~--------~--;------------4----~--____ ~ __ --, 
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THE START-STOP CONTROL 
SEQUENCE 
The .stan-up circuit involves a sequential set 
of conditions which progresses as follows: 
power-up after OFF condition or remote ON 
after OFF. Initially, OV exist on the supply 
output, causing zero feedback volts on Pin 8. 
The slow-stan capacitor is discharged, forc
ing Pin 5 to OV, having been clamped by the 
intemal discharge transistor. Internal supply 
regulator input exceeds 8.45V, releasing low 
voltage shutdown condition with Pin 5 below 
O.955V. The slow-start comparator output 
goes high, resetting the start/stop latch, 
sending a low output signal to the output 
stage power NOR gate. The PWM signal is 
then enabled to feed the output drive circuits, 
starting energy flow through the magnetics. 
However, instantaneously the power supply 
output is still below O.955V and the loop fault 
comparator forces the PWM to remain at a 
minimum duty cycle. The equivalent circuit at 
thill instant in the start-up cycle which exists 
at Pin 5 is shown in Figure 26. 

The actual minimum duty cycle is determined 
by the parallel source resistance of Rl and R2 
combined with the shunt loading internal to 
Pin 5. High values of divider resistance, 
20 - 30kO, will supply less shunt current to 
Pin 5 and create a lower modulator duty 
cycle, while lower values of Rl and R2 
(5 - 10kn) will generate a higher modulator 
voltage and a greater resultant minimum duty 
cycle. 

As the power conversion circuits become 
active and Pin 8 feedback voltage increeses 
above O.955V, the duty cycle network is 
unclamped; duty cycle increases, controlled 
by the RC time constant Rl11 R2.CsS, and as 
output voltage brings the feedback voltage up 
to equal the reference voltage, 3.80V, the 
error amplifier takes control and the supply is 
in regulation. 
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Figure 26. Loop Fault Comparator and Minimum Duty Cycle Clamp 

The stop or shutdown sequence is initiated by 
any of the following conditions: 

a. Supply voltage (bulk) sense below 3.80V 
at Pin 12. 

b. Pin 17 belOW 8.45V or Pin 7 current 
below level (less than 9mA). 
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c. Remote ON/OFF voltage at Pin 6 great
er than 2V. 

d. Sustained OC2 causing COL y to charge 
above 3.80V (current sense on Pin 14 
continuously above O.645V peak). 
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DUAL·LEVEL OVERCURRENT 
COMPARATORS 
The overcurrent sensing circuit (Figure 27) 
consists of a single PNP Input buffer With 
emitter-follower tied to Vz, 7.50V, feeding into 
the base of an NPN split-emitter transistor. 
This forms the input node to a set of dual
level voltage comparators With references of 
0.528 and 0.645V, respectively. Current 
sources for the comparator ere fixed biased 
NPNs. 

The typical transition time delay for an over
current fault is 300ns. Bias current at the 
input averages 500nA. 

If the overcurrent sense feature is not used, it 
is recommended that Pin 14 be tied to 
ground. 

When used for sensing current-derived volt
age impulses from the primary driver, a high
speed, low-impedance transient filter network 
Is advised. An example is shown in Figure 28. 
Keep CF close to the NE/SE5562. 
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THEORY - OC1 AND OC2 
Overcurrent Logic and Delay 
Capacitor Operations 
The circuit takes a voltage input from Pin 14 
and compares the level to a dual reference 
comparator with trips at 0.53 and 0.65V. The 
lower trip point actuates cycle-by-q'cle shut
down of the output stage with an intrinsic, 
delay of 400ns. The second level actuates 
the slow-stsrt function.' In addltton, there ex
ists a separate housekeeping circuit whose 
function Is to terminate operation of the 
output stage if Its threshold Is excesded. This 
involves a time delay circuit based on two 

OCI 

Q---~ 

March 1986 

separate switchable current sources, 001 
and 002. The time delay capacitor allows the 
uaer to program shutdown of the system aiter 
a predetermined number of overcurrent cy
cles have occurred within the period set by 
the ramp-up of the delay capacitor. Once 
shutdown has occurred in this manner, exter
nal reset is required to restart the system. 
Referring to the logic block Figure 29, which 
controls the gating of the two charge pumps 
into the delay capacitor at Pin 16, the com
plete signal flow may be traced. logic signals 
from the overcurrent 1 and 2 comparators are 
gated by the clock and delayed clock signals 
generated by the sawtooth oscillator. The 

complete sequence for an overcurrent fault 
may be understood by referring to Figure 30 
for 002. Here It Is shown that an OC2 signal 
exists indicating that the 0.65V threshold has 
been exceeded by a signal at Pin 14. 

Note that an overcurrent pulse within a partic
ular clock frame turns on the respective 0C2 
charge ramp during the entire next clock 
frame. Consecutive overcurrent pulses of ei
ther 001 or 002 magnitude will activate the 
selected charge pump for the total duration 
that such overcurrent occurs. The charging 
cycle will continue until the delay capacitor 
reaches the 3.66V trip level. 

P--r-I",]:~---<1 ocaIN 

DELAYED 
CLOCK 
OUT 

~W---.l..~CJ:~~ __ ...... -o OCllN 

Figure 29. OVercurrent logic 
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hutdown Function 

CALCULATING THE DELAY 
CAPACITOR 

20D 

OP, ..... 

80 

OPI ..... 

Actual delay time for a given capacitor value 
at Pin 16 may be estimated using the graphs 
in Figure 31 for OCI and OC2. By first 
determining the ellowable overcurrent time 
product for a particular power converter, a 
capacitor delay value may be calculated. 

Note that the OCI charge pump Is typically 
13pA while 0C2 pumps 550pA into the ca
pacitor. If the exact value Is to be calculated 
for a particular delay requlr&JTl8nt, use the 
follOwing procedure: 
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PIN 14 
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Figure 32. OC1 Ramp and Shutdown Delay 

1. Determine the level of overcurrent
OCI or OC2. 

2. Find the maximum delay time which the 
supply may safely sustain for this continu
ous overcurrent condition. Note that OCI 
may be activated on every cycle if OC2 is 
not reached, causing continuous charg
ing of C-Dalay. However, OC2 overcur
rent detecticn causes the supply to go 
into slow-start shutdown (hiccup mode), 
on the first such pulse. OC2 delays are 
based on an interrupted charging cycle 
with total cycle time determined by the 
external sIow-starl delay capacitor duty 
cycle maximum divider - time constant. 

For a continuous OCI overcurrent: 

(13 X 10-';(Delay time-sec) 
CoLY - 3.86V (I) 

For a continuous OC2 overcurrent: 

(550 X to - ';(Delay cycles X 1 / fsw) 
COLY~ 3.86V 

(2) 

Some downward adjustment of the OC2 ca
pacitor value may be necessary to compen-
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sate for the 1 - 2pA of discharge current at 
Pin 16 during the delay cycles. 

~: A maximum of 100 OC2 current 
fault cycles Is allowed. 

fsw .. 400kHz, find COL Y 

(550 X 10-';(100 X )4 X 105) 
COLY = 3.86V 

-O.036p1' 

~: OC2/COLY 

Find number of OCI cycles before shut
down with 0.036p1' COLY. 

3.6 X 10 - 8F)(3.86V) 
Delay Time = 13 X 10-6A 

= 10.7ms 

10.7 X 10-3 
Totel cycles to shutdown = 2.5 X 10-8 

-4280 

Figure 33 shows an actual OC1 charging 
cycle for continuous fault current sensed at 
Pin 14 and a DLY-l"F. 
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BULK-5ENSE AUXILIARY 
COMPARATOR WITH 
SHUTDOWN 
This circuit is intended to act as an automatic 
low-line detection mechanism. As shown in 
Figure 33, a voltage divider is connected from 
the main unregulated DC supply to Pin 12. 
The lower divider resistor may be a potenti
ometer of 5 - 10kn resistance with center
tap connected to Pin 13. The comparator 
which senses Pin 12 voltage is referenced to 

vz 

f~' 
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3.80V and Pin 12 divider voltage must be 
greater than this voltage by a sufficient mar
gin to operate within the prescribed low-line 
limits. For instance, if a line voltage drop of 
25% is considered the shutdown threshold, 
then V12 should be calculated for a nominal 
operating voltage as shown in Figure 33. 

When the line voltage drops more than 25%, 
the output stage is disabled. With the hystere
sis connected as shown and the pot adjusted 
near midway, the line voltage will have to 

+vs 
y 

NEISE5582 

.l 

12 

13 Flo HYSTERESIS 
ADJusr 

exceed VNOMINAL before the supply will re
start. The hysteresis control may then be 
calibrated for the desired overexcursion be
fore restart. This prevents unstable circuit 
chatter. 

The reset switch provides a means for reset
ting the shutdown latch after overcurrent 
faults have charged COL y to its trip threshold. 
This also provides a discharge path for the 
delay capacitor. Figure 34 shows internal 
circuit. 

Figure 33_ Bulk-$ense Comparator Divider 
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Figure 34. Bulk-sensB Comparator 
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THE OUTPUT DRIVE STAGE 
The output stage contains the power NOR 
inhibit gate, invert logic function, and source
sink drivers. The driver stage is capable of 
sourcing and sinking 100mA at frequencies 
up to 600kHz. The output transistors are 
Schottky clamped to prevent saturation and 
the resultant switching delay due to stored 
charge. A 2.50 current sense resistor in the 
emitter of Q419 serves to drive active clamp 
0427 when the output sources more than 
200mA. This places a limit on the peak 

PWM DEMAG 
rLfl o.y 

SHUT 
DOWN 
LATCH 

OUTPUT 
LATCH 

current available during instantaneous charg
ing of a power MaS FET gate. This feature 
protects the output stage from inadvertent 
catastrophic overload. 

When sinking current, the output is clamped 
to a maximum of 1.4V. Output swing for 
positive output is typically Vs - 1.9V at 100mA 
sourcing. Rise time for a 2000pF load at Pin 
19 is typically 160ns with a fall time of 8Ons. 

The power NOR gate. prcvides a fast re
sponse inhibit function to shutdown the out
put in the event of a number of different fault 

conditions. All inputs are internal to the de
vice and do not appear directly on the exter
nal pins as is shown on Figure 35. 

The additional flexibility of an invert control 
allows the polarity at the output during duty 
cycle to be reversed. This provides a simple 
means of designing with P-channel power 
MaS FETs without adding external inverters. 
The invert logic is controlled by a simple logic 
signal at Pin 15. Grounding will cause the 
output to be a normal positive output and a 
high level gives inverted output. 

17 
r---1---~r---~r-~----~--~--r---r-----r------------r~~' 

R40 
U 

L.._'\M-----;--.... --t,• 
L..----.._----+-:Ilt--t-oOUTPUT 

Q158 

Q115 

OUTPUT NCR 

Figure 35. Output Driver Schematic 
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THE INTERNAL VOLTAGE 
REGULATOR 
The internal regulator is oonfigured to provide 
for external supply to the NE/SE5562 from 
either a voltage feed or a current feed.' 

For the current-fed mode, a series-dropping 
resistor may be used to power the device 
from voltages greater than 1 BV with current 
supply of 15 to 25mA. Note that supply 
current stated in the data sheet is for the 
device only without load on the output or Vz. 
Drive currents also are pulse-related and thus 
reflect frequency components onto the cur
rent-feed circuit. These must be filtered out at 
Pin 7 with adequately large capacitors in 
order to prevent motor-boating (see Figure 36 
and Figure 37). 

Input current to Pin 7 flows through Zeners Z, 
and Z2, and short regulator transmitter OR. A 
differential amplifier with 3.BOV reference pro
vides feedback to regulate Vs to 15V. 

In the voltage-fed mode using Pin 17, the 
Zeners prevent current flow through OR for 
input voltages less than 19V. 

Power diSSipation of the device must stay 
within the allowable package limits. These 
limits are derived from the thermal character
istics of the particular package chosen. The 
NE5562N plastic package is capable of oper
ating within the temperature range (ambient) 
of 0 to + 70·C. This rating applies to the 
surface-mount product NE55620 also. Obvi
ously, the power dissipation of the "0" pack
age is lower than the standard DIP. Thermal 
resistance for the various packages are: 

20-Pin plastic- NE5562N/SE5562N: 
9JA 61·C/W 

20-Pin glass/ceramic - NE5562F/ 
SE5562F: 9JA 90·C/W 

20-Pin SO: -55 to +B5·C/W 
(board-dependent) 

NOTE: 
,. See Fi9ures 5 and 6 for Intemal Re9ulator 
Response Curves. 

Design Example - An NE5562N is operated 
at 4O·C ambient in the voltage-fed mode with 
Vs = 15V; assume Is - 22mA average: 
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Figure 36. Current·Feed 
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REGULATOR 

Figure 37. Internal Voltege Regulator 

:. Po = (22 X 10-:;(15) 
= 330mW 

Solving for the temperature rise from ambient 
to the Ie functions: 

Temperature rise = 61·C/W X 0.33W 

= 20.1·C 
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Junction temperatures will be 20.1·C above 
average ambient temperatures which is 40·C. 

TJ = 40·C + 20.1·C = 6O.1·C 

The allowable maximum junction temperature 
is 150·C. 125·C is more conservative. The 
oonditions of this example are safe. 

I 
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NOTES: 
1. Supply wiJl become active as point 'A' reaches the level of VREF, a.BOV. 
2. Monitor Pin 19 and Pin 2 on dual·trace scope with voltmeter connected to supply output 

NOTE: 

1 
i 

Figure 38. Open-Loop Test Setup 

o. 

The P1 clamp winding prevents collector voltage from exceeding 2X VIN during off time. 

Figure 39. Forward Converter 
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Flyback Converter Design 
Flyback Converter 

Advantages: 
• Simple circuit. Only one Inductive 

component even with line isolation. 

• Economic. Low component count, low 
cost. 

• Work over large input voltage variations. 

• Can accommodate multiple outputs. 

Dlasdvantages: 
• Large output ripple current due to 

discontinuous energy transfer. 

• Large output capacitor; has to supply 
part of the load current. 

• Low leakage inductance required to 
prevent high voltage spikes at the 
switching transistors. 

• Relatively large core volume for the 
output power. Core driven in one 
direction only. 

Dealgn Parameters for Flyback Inductor 

Input 
• Minimum input voltage 

• Maximum input voltage 

Output 
• Output voltage or voltages 
•. Output current or currents 

• Output load 

Frequency of Operation 

Eatlmata of Overall Efficiency. ('1) 

I 
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DESCRIPTION 
The NE5568 is a control circuit for use in 
switched mode power supplies. It con
tains an internal temperature-compen
sated supply, PWM, sawtooth oscillator, 
over-current sense latch, and output 
stage. The device is Intended for low 
cost SMPS applications where extensive 
housekeeping functions are not re
quired. The NE5568 is a selected ver
sion of the NE5561. 

ORDERING INFORMATION 

~E5568 
Switched-Mode Power Supply 
Controller 
Product Specification 

FEATURES 
• Micro-miniature (0) package 
• Pulse width modulator 
• Current limiting (cycle by cycle) 
• Sawtooth generator 
• Stabilized power supply 
• Double-pulse protection 
• Internal temperature-compensated 

reference 

APPLICATIONS 
• Switch mode power supplies 
• DC motor controller Inverter 
• DC/DC converter 

PIN CONFIGURATION 

D, FE, N Packag.e vcco' GND 
Vz Z 7 DUTPUT 

FEED .... CK a I CURRENT 
IINSE 

G .... N • I RT.CT 

TOPYI£W 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

8·Pin Plastic DIP o to +70·C NE5568N 

8·Pin Cerdip o to +70·C NE5568FE 

8·Pin SO package o to +70·C NE5568D 

BLOCK DIAGRAM 

Vee 

OUTPUT 

FEEDBACK 

GAIN e>.!.----+--/ 

Vz 

CURRENT 8 
SENSE 
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·Switched-Mode Power Supply Controller NE5568 

ABSOLUTE MAXIMUM RATING$ 

SYMBOL PARAMETER RATING UNIT 

Vee Supply voltage 18 V 

lOOT OUlput current 40 mA 

Oulput duty cycle 98 % 

Po Max total power dissipation 0.75 W 

TA Operating temperature range o to 70 °C 

DC ELECTRICAL CHARACTERISTICS Vee = 12V, T A ~ 25°C, unless otherwise specified. 

NE5568 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Reference section 

TA ~ 25°C 3.69 3.75 3.84 V 
VREF Internal reference voltage 

Over temperature 3.66 3.87 V 

Vz Internal zener ref 7.8 8.2 8.8 V 

Temperature coefficient of VREF IL-7mA ± 100 ppm/oC 

Temperature coefficient of Vz ± 200 ppml"C 

Oscillator section 

f Frequency range Over temperature 50 lOOk Hz 

Initial accuracy 12 % 

Duty cycle range fo - 20kHz 0 98 % 

Current limiting 

TA = 25°C -2 -10 p.A 
liN Input current Pin 6-250mV 

Over temp. -20 p.A 

Inhibit delay time for IOUT-2OmA 0.88 1.10 lIS 
Single pulse inhibit delay 

20% overdrive at . lOUT = 40mA 0.7 0.8 lIS 

Current limit trip level 0.400 0.500 0.600 V 

Error ampllfler 

Open-loop gain 60 dB 

Feedback resistor 10k n 
BW Small-signal bandwidth 3 MHz 

VOH OUtput voltage swing 6.2 V 

VOL OUtput voltage swing 0.7 V 

Output stage 

lOOT Output current Over temperature 20 mA 

Ie - 2OmA, over temperature 0.4 V 
Vee Ssturation 

Ic - 40mA, over temperature 0.5 V 

SUpply yoltage/current 

TA = 25°C 10.0 mA 
lee Supply current Iz = 0, voltage-fed 

Over temp. IS.0 mA 

Is=10mA, current-fed 19.0 21.0 24.0 V 
Vee Supply voltage 

lee = SOmA, current-fed 20.0 SO.O V 

Low 8upply protection 

Pin 1 threshold 8.0 9.0 10.5 V 

NOTE: 
All curves and applications of NE5561 apply exactly. 
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DESCRIPTION 
This monolithic integrated circuit con
tains all the control circuitry for a regulat
ing power supply inverter or switching 
regulator. Included in a 16-pin dual in
line package is the voltage reference, 
error amplifier, oscillator, pulse-width 
modulator, pulse steering flip-flop, dual 
alternating output switches and current
limiting and shut-down circuitry. This de
vice can be used for switching regulators 
of either polarity, transformer-coupled 
DC-to-DC converters, transformerless 
voltage doublers and polarity converters, 
as well as other power control applica
tions. 

ORDERING INFORMATION 

Preliminary Specification 

FEATURES 
• Fully Interchangeable with 

standard SG1524 family 
• Precision reference Internally 

trimmed to within 1 % and 
guaranteed 

• High-speed current limit function 
• Low supply protection with 

hysteresis 
• 200mA of output current 
• 60Y output capability 
• Wide common-mode Input range 

for both error amp and current 
limit comparator 

• Yery good CMRR & PSRR for 
both error amp and current limit 
comparator 

• Superior logic design using ECL 
circuits for glitch-free high-speed 
operation and fault protection 

APPLICATIONS 
• Switched-mode power supplies 
• Motor control circuitry 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

16·Pin Plastic DIP o to +70·C SG3524CN 

16-Pin Ceramic DIP o to +70·C SG3524CF 

16-Pin Plastic SO o to +70·C SG3524CD 

16·Pin Plastic DIP -4O·C to +85·C SG2524CN 

16-Pin Ceramic DIP -40·C to + 85·C SG2524CF 

16-Pin Plastic SO -40·C to + 85·C SG2524CD 

16-Pin Plastic DIP -55·C to +125·C SG1524CN 

16-Pin Ceramic DIP - 55·C to + 125·C SG1524CF 

February 1987 8-131 
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Switched-Mode Power Supply Control Circuits 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

VIN Supply yoltage 40 V 

Vc Collector supply yoltage 60 V 

10 Output current (each output) 250 mA 

IREF Reference output current1 50 mA 

VREF Externally forced reference yoltage 5.5 V 

Error amp inputs VIN-3 V 

Error amp max ditto Yoltage2 0.5 V 

Oscillator charging current 5 mA 

Current limit sense inputs VIN V 

Current limit max. ditto yoltage 40 V 

Shutdown inputs 5.5 V 

Maximum power dissipation 
T A = 25·C (still-air)3, 4 

Po F paCkage 1190 mW 
N package 1450 mW 
D package 1090 mW 

TJ Operating junction temperature 150 ·C 

TSTG Storage temperature range -65 to +150 ·C 

TSOLO Lead soldering temperature (10sec max) 300 ·C 

NOTES: 
1. Short-clrcuR protected. 
2. Inputs are clamped by two diodes. Resistors should be used to limit input current to less than 

1 rnA maximum. 
3. The power disaipation can be calculated from Po - IsaVIN + 2 duty cycle (lOUT VCE ON) + IREF 

!YiN - 5V) + 21cr !YiN - 3.6). 
4. Derate above 25·e, at the following rates: 

F package at 9.5mWre 
N package at 11.6mW I·e 
o pacl<age at B.7mW/·C 
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Switched-Mode Power Supply Control Circuits SG1524C/2524C/3524C 

RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER RATING UNIT 

VIN Supply voltage 7 to 40 V 

Vc 
Collector supply voltage o to 60 V 
(with emitters grounded) 

10 
Output current (each output) o to 200 mA 
(Vee < 2.5V) 

IREF Reference load current o to 20 mA 

VOM Error amp common-mode Input 1.5 to (VIN-4) V 

VeM Current limit amp common-mode Input o to (VIN-4) V 

Oscillator charging current 0.02 to 2 mA 

RT Oscillator timing resistor 2 to 150 kG 

TA Operating ambient temperature range 
SG1524C -55 to 125 ·C 
SG2524C -40 to 85 ·C 
SG3524C o to 70 ·C 

TJ Operating junction temperature range 
SG1524C -55 to 150 ·C 
SG2524C -40 to 125 ·C 
SG3524C o to 125 ·C 

-~ Oscillator timing capacitor 0.47 to 100 nF 

fosc Oscillator frequency 0.1 to 400 kHz 
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Switched-Mode Power Supply Control Circuits SG1524C/2524C/3524C 

DC AND AC ELECTRICAL CHARACTERISTICS Minimum and maximum limits apply oyer recommended operating 
Junction temperature range, typical date applies at T J - 25°C, and 
VIN - Vc - 2OV, RT - 2.7kn, ~ - 0.01111', unless otherwise specHied. 

'--. 
SG1524C/2524C SG3524C 

SYMBOL PARAMETER TEST CONDITIONS UNIT 
MIn Typ Max Min TyP Max 

Turn-on characteristics 

VIN Input minimum voltage After tum-on 7 40 7 40 V 

Tum-on input voltege 4.9 6 6.5 4.9 6 6.5 V 

Input voltage hysteresis 100 240 360 100 240 360 mV 

VREF Turn-on reference voltage 4.3 4.60 4.6 4.3 4.60 4.8 V 

Reference voltage 
100 240 380 100 240 360 mV hysteresis 

Referencs aectlon 1 

VOUT Output voltage Over temperatura 4.9 5.1 4.9 5.1 V 

VOUT Output voltage TJ -25°C 4.95 5.00 5.05 4.915 5.00 5.105 V 

Temperature stability 15 50 15 50 mV 

Line regulation VIN -7 to 40V 1.0 15 1.0 15 mV 

Load regulation IL -0 to 20mA 10 20 10 20 mV 

Total output variation 7V < VIN < 40V, OmA < IL < 20mA 4.90 5.0 5.10 4.90 5.0 5.10 V 

lOUT Maximum output current VREF-OV -120 -60 -25 -120 -60 -25 mA 

Output noise voltage 10Hz < f < 10kHz, TA - 25°C 170 170 P.VRMS 

Long-term stebility ·TA - 25°C, 1khrs 20 20 mV 

RR Ripple rejection T A - 25°C, f - 2400Hz 60 60 dB 

OscIllator aectlon 

Initial frequency 38 41 44 38 41 44 kHz 

Frequency temp. stability 2 2 % 

Voltage stability VIN -7 to 40V 0.5 1.0 0.5 1.0 % 

Sawtooth peak voltage VIN=4OV 3.2 3.5 3.8 3.2 3.5 3.8 V 

Sawtooth valley voltage VIN-7V 0.5 .75 1.0 0.5 .75 1.0 V 

Clock amplitude 2.85 3.4 2.85 3.4 V 

Clock pulse width Measured level - 2.0V .25 0.5 .75 .25 0.5 .75 p.s 

iMlN Minimum fraquency RT-150kn, ~-0.1¢= 100 100 Hz 

fMAX Maximum fraquency RT - 2kn, ~ - 47OpF, TJ - 25°C 550 550 kHz 

fMAX Maximum fraquency RT - 2kSl, ~ - 470pF 400 400 kHz' 

fMAX Maximum frequency RT-2kn, ~-1nF 290 290 kHz 

ICT CT charging current IRT--2mA4 -2.0 -1.86 -1.7 -2.0 -1.86 -1.7 mA 

Saturation voltage ICT - 5mA, VpS - 5V .55 0.72 1.0 .55 0.72 1.0 V 
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Switched-Mode Power Supply Control Circuits SG1524Cj2524Cj3524C 

DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Minimum and rn8xImum limits apply over recommended 
operating junction temperature range. typical data applies 
at TJ - 25°C. and VIN - Vc - 2OV. RT - 2.7kO. 
~ • O.01I1F. unless otherwise specified. 

SCU524C/2524C SG3624C 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Error amplifier sectlonz 

Ves Input offset voltage Rs-2kO 1.0 5.0 1.0 10 mV 

ISlAS Input bias current Rs-1kO 1.0 5.0 1.0 10 pA 

los Input offset current Rs-1kO 0.04 1.0 0.04 1.0 pA 

CMRR 
Common-mode rejection 

VCM - 1.5 to 12.6V 76 86 75 85 dB 
ratio 

PSRR 
Supply voltage rejection 

VIN-7 to 40V 80 93 80 93 dB 
ratio 

DC open-loop gain CL - O.01I1F Va -1 to 4V 60 79 80 79 dB 

Gain bandwidth product TA - 25°C. Av· OB 2 5 2 5 MHz 

Output low level ISINK - 100pA. 0.3 0.5 0.3 0.5 V 
VCC11 - VCC2 > 0.15V 

Output high level ISOURCE -100pA, V2-V1 > 0.15V 5.0 5.6 8.0 5.0 5.6 6.0 V 

Output sink current V1-V2>0.15V. Va- 2•5V 100 136 170 100 136 170 pA 

Output source current V2-V1 > 0.15V. Va - 2.5V -170 -140 -100 -170 -140 -100 pA 

PWM comparator section 

Minimum duty cycle V2 - 0.5V. Va - V1 0 0 % 

Maximum duty cycle V2 - 3.9V. Va - V1 45 48.7 50 45 48.7 50 % 

Duty cycle for max. freq. 
V2-V1 >0.15V. Rt-2kn, 

32 42 32 42 % 
~-470pF 

ISlAS Input bias current IRT - OmA. V2 - 2.5V. Va - V1 -5.0 0 -5.0 0 pA 

Propagation delay to output 0.5 0.5 lIS 

Currant-llmltlng sectlonz 

Sense voltage 180 220 170 230 mV 

ISlAS Input bias current Rs-10kn, V2-V1 >O.1SV -5 0 -5 0 pA 

CMRR 
Common-mode rejection 

VCM - 0 to 12.5V 50 90 50 90 dB 
ratio 

PSRR Power supply rejection ratio VIN-7 to 40V 50 90 50 90 dB 

VOL Output low voltage V2-V1 >0.15V. V4-V5> 0.3V 0 0.28 0.2 0 0.28 0.2 V 

tro Propagation delay to output 0.7 0.7 lIS 
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Switched-Mode Power Supply Control Circuits SG1524C/2524C/3524C 

DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Minimum and maximum limits apply over recommended 
operating junction temperature range, typical data applies 
at TJ - 25°C, and VIN - Ve - 20V, RT - 2.7kn, 
Or - O.o1j.1F, unlesa otherwise spec~led. 

SG1524C/2524C SG3524C 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Shutdown Input 

IBIAS Input bias currant TJ - 25°C, Vl0'" 1V 10 200 10 200 jIA 

Shutdown threshold voltage TJ -25°C 0.6 0.6 1.0 0.6 O.B 1.0 V 

Shutdown threshold voltage 0.4 1.3 0.4 1.3 V 

tpo 
Propagation delay to 

0.5 0.5 j.IS 
outputs 

Output aectlon (each output) 

Vee Collector emitter voltage Ie -100jIA 60 75 50 75 V 

Collector leakage currant VeE - 6OV, Vl0 -1.5V 0.1 20 0.1 20 jIA 

Collector saturation voltage Ie-201M 0.2 0.4 0.2 0.4 V 

Collector saturation voltage le- 200mA 1.2 2.0 1.2 2.0 V 

Emitter output voltage IE-201M 17.5 18 17.5 18 V 

Emitter output voltage IE-200mA 16.5 17.5 16.5 17.5 V 

tA 
Collector rise time TA - 25°C, Ie - IE - 10rnA, 0.5 0.6 0.5 0.6 j.IS 

Emitter rise time CL -15pF 0.1 0.2 0.1 0.2 j.IS 

tF 
Collector fall time TA - 25°C, Ie -IE -101M, 0.1 0.2 0.1 0.2 j.IS 

Emitter fall time CL -15pF 0.1 0.2 0.1 0.2 j.IS 

Total supply current' 

ISB Standby supply current VIN - 40V, IAT'" OIM, V1o'" 1.5V 9.0 11.0 9.0 11.0 mA 

Icc Operating supply current VIN'" 4OV, Ie -IE = 101M 11 15 11 15 mA 

NOTES: 
1. Unless otherwise specified, IL'" OmA. 
2. Unless otherwise specified, VOM - 2.SV. 
3. Unless otherwise specified, IREF'" OrnA. 
4. IAT is \he current into Pin 6. 
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PART 1: SWITCHED-MODE 
POWER SUPPLY 
MAGNETIC 
COMPONENT 
REQUIREMENTS 

In switching power supplies, problems often 
arise with the design of the magnetic compo
nents, the ferrite-cored transformers, and 
chokes. The interaction between electronic 
and magnetic design deserves particular at· 
tention. Firstly, in· switched·mode power 
supplies (SMPS), the power tramiformer and 
choke, and the electronic circuitry, are so 
interdependent that design is hardly possible 
without the magnetic aspects being con· 
stantly taken into account Secondly, by com· 
bining magnetic and electronic design, a far 
bettar insight is gained into the operation of 
the circuit, with a consequerrt improvement in 
the design itself. 

This application note covers most aspects of 
switching power supply design,. with emphasis 
on the magnetic aspects. Here, the basic· 
electrical relationships for SMPS are given for 
forward, push·pull, and flyback converters. 
Practical formulas are given for inductance 
and effective·current valuea; auxiliary outputa 
and other special features are also covered. 
Some asPects of control are treated. All 
treatmenta are related to the magnetic de· 
sign. 

THE FORWARD CONVERTER 

Non-Isolated 
PrInciple of Operation 
Figure 1 shows the outline circuit of a fotward 
converter. The basic operation of an ideal 
converter is described by 

VoalNl (1) 

February 1987 

AN1261· 
. High-Frequency Ferrite Power 
. Transformer . and Choke Design 

AppllClltloiJ Note 

Figure 1. 0utHiIe Circuit of a Forward-Converter Swltched·Mode Power Supply 

1l1li1 

Flaure 2. Volte,e Waveform Acroaa the 
!SOwer Choke n a Forward-Converter 

SMps, and the AHocIated Current 
Waveform 

Figure 2 shows the vollilge waveform across 
the inductance and the associatad current 
waveforms. 

NOTE: 
All symbols for quantities us8d hare are listed In the 
Table. 

MInimum Choke Inductance 
For continuous-mode operation (uninterrupt· 
ed currenl flow through the choke) - other· 
wise, regulation det8rioratas - output current 
10 must always be greater than half the choke 

8-138 

ripple current 2IAC. This is ensured by using a 
minimum value for the choke inductanCe 

1 Vo ( VI MIN) LMIN - - -- 1 - 6tMx -- (2) 
2f 10 MIN VI MAX 

An increase in Ii as a result of a sudden load 
increase will cause a temporary increase in 
choke ripple current. As long as the ripple 
component is much smaller than the DC 
component, which is usually the case, this 
does not affect the design of the choke. 

Choke Design 
Output choke L carries a direct current equal 
to the DC current in the load. Thus, to avoid 
saturation, an airgap is required in the core. 
The design steps are: 

• Determine 1M = 010 MAX + lAC 

• Calculate I~LMIN 

• Proceed to Part 4 of this series. 

For core loss, see Part 2. 

Deriving Auxiliary Power from the 
Choke 
During the flywheel period (1 - fij/f, that is, 
while the power switch is not conducting, the 
voltage across. the choke Is stabilized. By 
adding secondary windings to the choke, 
auxiliary stebillzed low voltages can be ob
tained as shown in Figure 3. 
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High-Frequency Ferrite Power Transformer and Choke Design AN1261 
Part 1 

LIST OF SYMBOLS 

SYMBOL UNIT· DEFINITION SYMBOL UNIT" DEFINITION 

AcP m2 Core center-pole cross-sectional area tF 8 Tum-oil (fall) time of power switch 
Aep MIN m2 Minimum core center-pole cross-sectional VAUX V Voltage on auxiliary winding 

area VCEM V Maximum voltage across power switch 
Ae m2 Effective core cross-sectional area VCESM V Maximum collector-emitter voltage for a 
BAC T Rux-density sweep; half the peak-to-peak power-switching transistor with the 

flux density axcursion base-to-emitter voltage Vee';;; 0 
BAC OPT T Optimum center pole peak flux density Va m3 Effective volume of a core 

sweep for maximum throughput power VF V Voltage drop across output choke and 
BCF mm Coil former (or winding window) breadth leads 
dVldt VIs Maximum permissible rate of voltage VI V Steady state (DC) input voltage to a 

increase converter 
f Hz Operating frequency VI eo V 'Brown-out' converter input voltage 
fA Hz Resonant frequency of transformer VI MAX V Maximum (peak) converter input voltage 

primary and slow-rise capacitor VI MIN V Minimum (trough) converter input voltage 
combination (including drop-out) 

HCF mm Height of coil former or winding window VIA V Peak-to-peak converter Input-voltage ripple 
lAC A Half peak-to-peak current ripple Vo V Output (load) voltage 
Ie A RMS current at full load Vo MAX V Maximum output voltage 
1M A Peak choke current VA V Voltage drop of output rectifier 
ImasM A Maximum (paak) transformer magnetizing VA V Overshoot (ringing) voltage allowance 

current x % Feedforward factor. The maximum % 
ImaxM A Maximum peak Inductor current increase in duty factor allowed by the 
10 A Power supply output (load) current control In response to a sudden load 
10 MIN A Minimum required output (load) current change 
10 MAX A Maximum required output (load) current z - Proportionality factor 
11M A Peak primary current a: - Ratio of core saturation flux to working 
k - PAUx/PAUX MAX flux allowed: for transient response 
lAV m Average tum length without saturation 
le m Effective magnetic path length in a core Il - Voltage-limiting factor 
L H Choke inductance 6 - Duty factor of power switch 

~ux H Inductance of choke with auxiliary winding ~ - Maximum permitted duty factor 
LMIN H Minimum required value of L ~IN - Minimum duty factor 
La H Stray inductance of power supply output 60 MAX - Maximum duty factor under steady-state 

circuit conditions 
m - Ratio of demagnetizing (energy-recovery) 6m - Transient duty factor 

winding turns to secondary winding ~Io A Step change In load current 
tums ~T ·C Temperature rise above ambient 

n - Number of turns E - Unbalance factor 
N - Number of tums in a winding pli!rtion Ila - Amplitude permeability at a stated mean 
No - Number of tums In main choke winding flux density and for a stated variation 
NPAIM - Intagral, rounded number of ~mary turns Ila - Effective relative permeability 
P W Power /10 HIm Permeability of free space: 411" X 1(, HIm 
Pc W Total transformer core loss a - Ratio of setting of overcurrent trip to 
PE W Eddy-current loss In a core rated output current 
PH W Hysteresis loss in a core ." 
PIN W Converter Input power 

SUBSCRIPTS 

PL W Power absorbed In a choke 1 Pertains to a transformer primary or (in winding 
Po MAX W Maximum output power used for choke design) primary winding portion 

design 2 Pertains to a transformer secondary or (in winding 
Po MIN W Minimum output power used for choke design) secondery winding portion 

design AUX Pertains to an auxiliary winding 

PrH W Transformer throughput power CP Pertains to center pole of an E or EC core, or to the 

Pw W Dissipation in transformer windings wound leg of a U core 
r - Transformer turns ratio e Effective value 
9JC ·C/W Transformer or choke thermal resistance L Pertains to choke 

with winding creepage distance 
incorporated SUPERSCRIPT 

9JN ·C/W Transformer or choke thermal resistance 
for a winding without creepage distance 

, 
(as in r') a preliminary (not rounded) value 

Ie s Commutation time 

• unless otherwise stated. 
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Figure 3. Auxiliary Low·Voltage Outputa can be Obtained by 
Adding Windings to the Choke of a Forward Converter 

Figure 4. Current Through a 
Forward-Converter Choke With 

Auxiliary Windings 

These auxiliary voltages are rectified by dl· 
odes that conduct during the flywheel period. 
Sinee auxiliary loads decrease the amount of 
energy recovered by flywheel diode 0, the 
amount of auxiliary power that can be derived 
is limited to 20 - 30% of the total output 
power. 

In order to store sufficient energy in the 
choke to supply an auxiliary load, Inductance 
LMIN calculated from Equation 2 must be 
increased to LAUX. This might lead to the use 
of a larger core: see Part 4. 

The relationship between LMIN and LAUX is 

LAUX > LMINI (1 - ( (0.3 to 0.4) 1 _ ~AX ) J 

(4) 

The factor (0.3 to 0.4) corresponds to an 
auxiliary load being 20 - 30% of the total. If 
output ripple is not important, a higher propor
tion of auxiliary load can be drewn. 
The tums ratio 

(5) 

During forwerd conversion, during the peri
od 6/f, the input power 

PIN=6Wo 

Similarly, the throughput power 

P-tNolo 

The difference is the power stored in and 
then removed from the choke: 

PL - PIN-P - 610 (VI-VO) 

From Equation 1, 

PL - 610 <Vi - tNl) 

• tNllo (1-6) 

- PIN (1-6) 
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0., .... 

a. L> LAUX 

01'195818 

b. L < LAUX 
NOTE: 
Those osdIlograms w.e taken from a TV power supply. hence tho voltage peaks. 

Figure 5. Oscillogram of Choke Waveforms 
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If, during flywheel period (I - 6)/f, the 
choke current Is divided between output 
and flywheel diodes as indicated in Figure 4 
by line A, PAUX is maximum (PAUX MAxl. 
The current below A is that through the 
flywheel diode of the primary output. Figure 
5 shows some waveforms. 

Due to leakage induction, flywheel diode 
current does not begin at A, but at IMAX' as 
the auxiliary output currents are then zero. 
This decreases the value of P AUX MAX. If 
the current is shared according to line B in 
Figure 4, PAUX - kPAUX MAX, where 
k - 0.5. In practice, k will be somewhat 
higher: a value of k - 0.7 is reasonable. 

If L - LMIN, no auxiliary power can be 
drawn. From these considerations it follows 
that the auxiliary power that can be ob
tained is limited and depends on k, 6, and L, 
such that 

PAUX <: k(1 - 6) (I - LAux/LMIN) PIN 

The required value of LAux Is obtained from 

LAUX>LMIN/[I- PAUX I 
kP-rOT(1 - 6MAX) 

Substituting k - 0.7 and PAux/P-rOT - (0.2 
to 0.3) yields Equation 4. 

(P-rOT - P-rH -IO(VF + VR + Vol) 

Single Forward-Converter With 
Isolating Transformer 
Principle of Operation 
The outline circuit of a forward-converter with 
power line isolation is given in Figure 6. 

The magnetic energy stored in the transformer while 
S Is ON must be removed while S is OFF, oth8fWise 
the energy stored and removed during a complete 
switching cycle would not be zero and the trans· 
former core would rapidly saturate. A solution involv
Ing minimum power loss is to add a winding, closely 
coupled to the primary, and a diode Os such that a 
flow of magnetizing current is ensured while S is 
OFF. 

The operation of the transformer-isolatad for
ward-converter is described by the same 
basic expression, Equation I, as was used for 
the non-isolated version. The transformer 
also adds an axtra degree of freedom of 
choice of output voltage for practical values 
of 6. This output voltage becomes 

6V1 
Vo-

r 
(6) 

Voltage and current waveforms for a trans
former-Isolated forward-convartar are given In 
Figure 7. 
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Figure 8. Outline Circuit of a Power Une-lsolated Forward-Converter SMPS 

WF' ..... 
Figure 7. Output Circuit Waveforms for 
the Power Una-Isolated Forward-Con

verter 

Duty Factor 
The maximum allowable duty factor at which 
the core will not saturate due to flux staircas
ing depends on r and m: 

m 
~AX<I--

m+r 
(7) 

The maximum voltage across the power 
switch (here, a transistor) is then 

m+r 
VCEM-VI MAX-- (B) 

m 
When using a transistor with VCESM - 850V in a 
forward-converter with a maximum (rectified) input 
voltage of 375V, it is usually adequate to fimn VCE to 
2 X 375 = 750V. Thus, with m - r, there is IOOV to 
spare for ringing and integrated supply voltage 
surges. 

The effective duty factor depends on frequen
cy, tums ratio, r, rated load current, the 
leakage inductance of the transformer and 
the inductance of the leads to the output 
diodes. 

As a guide for power line operated SMPS, 
decrease the conduction time so that 

6"/f - 6!f- rio X 1.2 X 10-9 (9) 

The inductanca of the leads to the output 
diodes Is reflected into the primary as the 
square of the turns ratio. With large turns 
ratios, combined with high switching currents, 
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the loss due to communication delay be
comes substantial. The effect is as if the 
available duty factor is decreased. 

In Figure Ba, 

te ,., 10rLsIVI 

Now, Ls is about I nH/mm of leads and, for a 
220V power line supply, VI MIN'" 200V. With 
the shortest possible leads to the output 
diodes, experiment shows that the commuta
tion delay is 

te,., 1.210r X 10-9 

This is an important reason for not operating 
low-voltage high-current SMPS at high fre
quencies, but, rather, to use a frequency just 
above the audible range. 

Preliminary Turns Ratio and Core 
Selection 
The preliminary turns ratio 

r' _ ~ MAX VI MIN 

Vo MAX+VF+VR 
(10) 

For transformer core selection, see Part 2. 

Multiple-Output Transformers 
Additional outputs at any DC level can be 
obtained simply by adding further secondar
ies of the appropriate number of turns to the 
output transformer. The regulation of the 
additional outputs will be better than with a 
flyback converter. However, each output 
needs two diodes and a power choke, against 
the single diode needed with a flyback con
verter. 

Warning: the flywheel diode must always 
conduct when the forward diode does not. 
Otherwise, peak forward-conversion rectifica
tion occurs and the output voltage could rise 
to the peak value of the forward-conversion 
voltage, which might be much higher than the 
nominal voltage, with disastrous results. So, 
ensure that the appropriate minimum load is 
always present at each output. 

With severel different outputs, It Is necessary 
to find thet value of volls-par-turn for the 
transformer that allowa each output voltage 
to be obtained within the psrmltted tolerance 

I 
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a. Inductance In the Secondary Ia 
Reflected Back Into the Primary 

as the Square of the Turns Ratio 

1lMI! 

b. There Is a Delay. teo During 
Which Neither Output 

Diode Conducta 

FIgure 8. Effect of Stray Inductances In the Output Circuit 
of an Isolated Forward..converter 

Ilowt V, ..... -""-------, 
1 1 ~ 10% FEED 1 
1 ,-I 
1 1 " I 
I 1 31/, ............ 1 
1 1 'j1.1v,a 

--t-t------
I I 
I 1 
1 1 

TIllE 

Figure 9. Input Voltage and Duty Factor Combinations Under Transient Load 
Conditions for Feedback and Feed-forward Control 

with an Integral number of turns. The proce
dure for this is described in Pari 3. 

Control Method 
The function of the control circuit is to stabi
lize the output against variations in Input 
voitsge and load by adjusting the duty factor 
of the switching device. However, the effect 
of step load changes cannot be corrected 
immediately because 80me time is needed for 
the current through the choke to assume the 
new value of the load current. 

A momentary chenge in output voltage is thus 
inevitable. The time required for resumption 
of the desired level of output voltage after the 
sudden load change depends greatly on the 
properties of the control system. Two basic 
control characteristics can be distinguished 
(See Figure 9). 
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Feedback - A step increase in load current 
causes the power switch duty factor to in
crease instantly to its maximum value ~AX, 
regardless of the level of input voitsge. It is 
thus possible for (WI)MAX = ~AXVI MAX. 

Feed-forward - A step rise in load current 
causes the power switch duty factor to in
crease to a value x% higher than its steady
state value for a constant load. 

The (WI)MAX product in response to a step 
load Increase will be higher with feedback 
control. This results in a shorter delay in 
adjusting to the new load because the choke 
current Is forced to increase at a maximum 
rate. However, the output transformer must 
be 80 designed that it is able to cope with the 
product ~VI MAX without saturating. 

With feed-forward control, 

x 
(WI)MAX = (1 + l00)~INVI MAX 
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The corresponding value of a. for the trans
former design is 

x 
cx=I+-

100 

Difficulties may be encountered with convert
er starting at full load with minimum power 
line voitsge (15% below nominal). If the duty 
factor is close to maximum, all the output 
current will flow into the load and little or no 
current will be available to charge the output 
capacitor. Starting will be improved if the 
steady-state value of the duty factor Is 10% 
below its maximum allowable value. 

One disadvantage of feedback control is that 
a larger transformer core is generally required 
to avoid saturation. 

Primary Inductance and De-saturetlon 
The primary inductance is given by 

Ll = IJOtJan~Ae/1e (11) 

where the value of tJa is obtained from the 
core data. 

The maximum, peak, primary magnetizing 
current is 

I (WI)MAX 
magM---c;t 

The peak primary current is 

(12) 

1 10 MIN 
11M-;(IO+-2-)+ ImagM (13) 

Primary inductance Ll together with slow-rise 
dVldt capacitor C (Figure 10) across the 
switch forms a resonant circuit with a natural 
frequency 

fr = 11 (21fY'(L1C)] (14) 

The value of C used should satisfy the 
relationship 

11MtF 
--= C > 11M/(dVldt) 
2VceSM 

It Is recommended that fr > f. At a lower value 
of fr' the core might fail to desaturate and flux 
staircasing could occur, with disastrous re
sults. A higher fr offers sufficient safety mar
gin under all conditions; a ratio mfr/(rf) of 
about 1.2 is a good compromise. An electron
ic 8Olution to the problem can be found in 
80me control ICs (e.g., TDA1060) where 
there is a facility for reducing the duty factor 
when core saturation is possible. 
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Figure 10. Forward-Converter Transformer With Magnetizing (Energy Recovery) 

Winding, and a Slow·RIse Capacitor In the Primary 
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Figure 11. Outline Circuit of a Double-Forward SUPS Converter. 
Swltchea S1 and S2 Operata Alternately 

The value and spread of L, may be reduced 
by introducing an airgap in the core; the 
penalty is higher magnetizing current. The 
spacer thickness required is generally smaller 
than the range for which the 12L curves 
discussed in Part 4 apply. For these small 
values of spacer thickness S (total airgap 2S), 
the value of fJe (and, thus, L1) can be ob· 
tained for cores of constant cross·sectional 
area from 

Ie 1 1 
s--(---) 

2 fJe Jl.a 
(16) 

If it is not possible to decrease L, sufficiently 
to make f, > f, the addition of a sensor 
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winding on the transformer to generate a 
signal to prevent premature switch-on should 
be considered. 

Transformer Currents 
The ripple in the output choke is, in general, 
only a few percent of the DC load current. For 
this reason, the transformer current can be 
regarded as a square wave for the purposes 
of winding loss calculation. 

The maximum RMS current values are given, 
approximately, for the primary and secondarY 
by 

10 182 
1.1 - -v'IloMAX - -

r r 
(17) 
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where 

V, 
IloMAX=~-

V, AV MIN 
(18) 

Duty factor Ilo MAX is used in these calcula
tions for the following reason. 

For 220V power line, the minimum line volt· 
age is roughly 185VAMS. Using an input filter 
capacitor of about 2p.F /W (to cope with a 
mains drop-out of 1 Oms), the peak.to-peak 
ripple at 185V power line input is about 20V. 
Under these conditions the minimum average 
(steady·state) input voltage 

V, AV MIN = v'2V, MIN - 1'2V,A 

= 252V. 

(19) 

However, 6wlx is set so that the converter 
can handle a 10ms drop-out. But mains drop
out is not a steady·state condition. .so that 
Ilo MAX should be used to calculate Ie and, 
thus, the loss and consequent temperature 
rise of the transformer. 

Choke Design 
To determine the minimum required choke 
inductance and for the choke design, see the 
Principle .of Operation. 

Transient Response Time 
The transient response time required for a 
forward·converter to adjust to a step. in the 
load current of ..110 is 

8tr 
tA = (..1loL)/{(Vo + VF + VRl (B-1)} (20) 

The Double Forward Converter 
Principle of Operation 
The equivalent circuit diagram of a double 
forward converter is shown in Figure 11. It 
comprises two forward converters in parellel, 
with flywheel diode D and filter LC common to 
both. Switches S, and S2 operate alternately, 
which doubles the ripple frequency of the 
choke current. Since energy is pumped twica 
per converter period, the output voltage Is 

(21) • 
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Choke Inductance 
The minimum choke Inductance is calculated 
in a similar way to that for the single forward 
converter. However, since there are now two 
charges and two discharges per converter 
period, 

L > ~ (1 _ 26r.!AXVIMIN) (22) 
4flo MIN VI MAX 

Further choke design proceeds as In section 
on Single Forward-Converter. 

Preliminary Trensformer Turns Ratio 
The transformer is designed in a similar way 
to that for the single forward converter, ex
cept that now the turns ratio is twice as great. 
The preliminary turns ratio of a double for
ward converter transformer is 

r' ~ 2 6e MAXVI MIN. 
Vo MAX + VF + VA 

(23) 

Transient Response Time 
The transient response time required for a 
double forward converter to adapt to a step In 
the load current of Alo is 

THE FLYBACK CONVERTER 

Non-Isolated Inverting 
Converter 
The outline circuit of an inverting flyback 
converter is given in Figure 12. The basic 
operation of an Id$a1 inverting flyback con
verter Is described by 

6 
VO=-VI 

1-6 
(25) 

The vollege waveform across inductance L 
and the associated current waveforms under 
steady-stete conditions are given In Figure 
13. 

L 

+-.IYYY' 

}. v, 

D 

~I 

Figure 12. Outllns Circuit of a Non-laolatsd, Inverting Flybsck Converter 

Figure 13. Voltage and Current 
Wave!orma for the Choke of a 
Non-Isolated, Invsrtlng Flyback 

Converter 

Power Inductor 
The minimum inductance required to ensure 
continuous-mode operation at minimum load 
Po MIN is 

(6MINVI MAX)2 
L >-'-"'''''-'-''''''''-

2fPo MIN 
(26) 

NOTE: use of Po allows output diode loss to be 
neglected. 

The maximum peak current through the in
ductor is 1M - loe MAX + 21AC, and 

(27) 

For Inductor design, see Part 4. 

It is evident that the value of the inductor is 
inversely proportional to the minimum load. 
On the other hand, the choke must not 
saturate at maximum load If the supply voU
age is minimum. Thus, continuous choke 
current with large output power variations is 
not always practical. The alternatives are: 

TC1Be818 

• Pre-load the supply to decrease the ratio 
Po MAX/PO MIN. 

• Change the operating frequency. 

• Accept a discontinuous choke current at 
the expense of higher peak current through 
switch and output capacitor. 

In the last case, the choke current waveform 
will be triangular rather than trapezoidal. For a 
triangular current waveform, Equations (26) 
and (27) become 

L > (6r.!INVI MAXl2 

2IPo MIN 
and 

oPO MAX 
1M = 2-'::"::'""'-

6r.!AXVI MIN 

Proceed now with Part 4. 

(26) 

(29) 

Non-Inverting Boost Converter 

Principle of Operation 
The outline circuit of a boost converter is 
shown in Figure 14. Its operation is described 
by 

VI 
Vo--

1-6 

The voltage waveform across inductor L and 
the aSSOCiated current waveforms under 
steady-state conditions are shown in F'ogure 
15. 

Power Inductor 
The minimum inductance required to ensure 
continuous-mode operation of the choke at 
load Po MIN Is 

2 Vo2 
L>---

27 fPo MIN 
(30) 

The maximum peak InductOr current is 

oPo MAX 6r.!AXVI MIN 
IMAX M =--- + (31) 

VIMIN 2IL 

Proceed now with Part 4. 

FIgure 14. Outline Circuit of a Boost Flyback Converter 
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vo-vf' I lilliE 

2IAC 
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Figure 15. Voltage and Current Waveforms for the Choke of 
a Boost Flyback Converter 

Figure 18. Outline Circuit Diagram of a Transforme .... lsolated Flyback Converter 

Transformer-Isolated Flyback 
Converter 

Principle of Operation 
For high·voltage low·current supplies, a use· 
ful variant of the inverting flyback converter is 
obtained by adding secondary windings to the 
choke to form a transformer, Figure 16. A 
further benefit of this arrangement is power 
line Isolation. 

Turns Ratio 
In order to protect the switching devices, the 
turns ratio 

(32) 

At high voltages, such as rectified power line, 
a good compromise between inductor size, 
switching·translstor peak current, and diode 
peak current can usually be obtained by one 
of the following procedures. At moderate 
Input voltage range, 

take ~IN = 0.3. This yields 

7 
~ = 1/[1 +3 (VI MINIVI MAX)) (33) 
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so that 

At large input voltage range, that is, 

take 

r' = V (VI MAXVI MIN) 
VO+VF+VR 

(35) 

This yields 

L _ 11 [1 + VI MAX ) ( 6) 
"MIN - r'(Vo + VF + VR) 3 

NOTE: If ~IN > 0.3, take ~IN - 0.3 and proceed as 
for a small input voltage range. otherwise 

A voltage limiting winding with tums ratio 
between primary and limiting winding rIm 
limits switching device voltage to INI MAX. 
The maximum duty factor must then be such 
that 

(37) 
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where 

and 

r 
m=(fl_1) (40) 

Power Inductor 
To ensure continuous·mode operation, de
sign the choke primary for minimum load. 

L < (IlMINVI MAX)2 

2fPo MIN 
(41) 

The maximum peak current through the pri
mary 

I oPo MAX + c\"AXVI MIN 
MAX M = c\"AXVI MIN 2fL 

Proceed with Part 4. The number of turns on 
the choke secondary, together with r, are 
found in Part 3. 

Multiple Output 
Additional output voltages at any DC level 
can be obtained by simply adding additional 
secondaries of the appropriate numbers of 
turns. Note that, if the range of DC output 
voltages is large, leakage inductance will 
increase and regulation deteriorate. 

The design procedure is covered in the fol· 
lowing section. 

Effective Currents 
The maximum value of the RMS current 
through the primary winding is 

Po MAXv'oo MAXV{ 1( Po MIN )2} leI = 1 +- ---
00 MAXVI MIN 3 Po MAX 

and through secondary x, 

rxPOX MAXv'(l -00 MAXl 
lex = X 

00 MAXVI MIN 

where 

(42) 

(43) 

I 
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c. Three-Winding (1 + 2) Transformer in a Single-Ended Push-Pull Converter With a BI-Phase Output 

February 1987 

Ll 

Cl 

TC,,,,,,,, 

d. Three-Winding (1 + 2) Transformer In a Bridge Converter With a BI-Phase Output 
Figure 17. The Basic Configurations of Push-Pull Converters 
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e. Thre .. Wlndlng (1 + 2) Transformer In a Push-Pull Converter With a Brldge·Rectlfled Output 

Cl 

r. Four-Winding (2 + 2) Transformer In a Push·Pull Converter With a BI·Phase Output 
Figure 17. The Basic Configurations or Push-Pull Converters (Continued) 
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THE PUSH-PULL CONVERTER and 

Principle of Operation 
Outline circuits of the various basic configura
tions of push-pull converters are shown in 
Figure 17. 

Since energy is pumped twice per converter 
period, the basic operation of a push-pull 
converter is described by 

zliVI 
VOK-2- (44) 

For full bridge and conventional push-pull 
converters, z = 4; for half bridge push-pull 
converters z = 2. 

The voltage waveform across the choke and 
the associated current waveforms are shown 
in Figure 18. 

Duty Factor 
With the equal conduction times per convert
er cycle, the maximum allowable duty factor 
is 0.5, but a more practical value is 0.45. In 
practice, wiring and transformer stray induc
tances result in a finite commutation time 
between output diodes. As a result, the inter
val during which energy is supplied to the 
output is shorter, and the effective duty factor 
smaller. This effective duty factor depends on 
operating frequency, transformer ratiO, load 
current, and the stray inductance of the leads 
to the rectifier diodes. 

To compensate for the increased commuta
tion time, the energy transfer period liff 
should be decreased to about 

lief - 6/f -1.2rlo x 1(),,9 (45) 

Transformer Turns Ratio 

The preliminary turns ratio is 

(46) 

Power Choke Inductance 
The minimum choke inductance that ensures 
continuous choke current, and, thus, continu
ous-mode operation is 

L > ~(1 _ 2~AX VI MAX) 
4f1AC VI MIN 

(47) 

Here, 

lAC - 10 MIN -IMAG M (48) 

February 1987 

(49) 

During transistor conduction, Figure 19, the 
magnetizing current changes from 
+ IMAG M to -IMAG M. While both transis
tors are off, during the interval (~- 6f) the 
transformer primary is open Circuit. This 
forces the magnetizing current to flow 
through the output diodes in series. Thus, 
the load and magnetizing currents con
verge in one diode and cancel in the other. 

FIgure 18. Voltage Waveform Aerose 
the Choke of a Push-Pull Converter 

Together with the Aseoelatecl 
Current Waveforms 

If, at low output current, one diode ceases 
to conduct, there is no path for the magne
tizing current, which is then diverted 
through the conducting diode and the out
put choke to the output capacitor. This 
causes the output voltage to rise. From 
this, it follows that the minimum loed cur
rent that can be drawn from the converter 
without one diode ceasing to conduct in 
this way is 

10 MIN - IMAGM + lAC 

The magnetizing current flowing through 
the output diodes is 

where 

L1 = n~IlOIleRe/Ae 

These two expressions together yield 
equation 49. 

From Fl9ure 19, the peak current through the 
power choke is 

1M ~ 0(10 MAX + 10 MIN + IMAGM) (50) 

Further choke design proceeds with Part 4. 
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Figure 19_ Waveform for CalculaUng 
the Peak Choke Current of a 

Push-Pull Converter 

Transformer Currents 
In a push-pull transformer, only one half of 
the double winding conducta at a time. The 
peak current through each half of the double 
winding Is 

11M-1M/r 

The effective primary current in each winding 
half is 

10 
1.1 "" -"'60 MAX r 

and, in the secondary, 

182 "" 10"'60 MAX 

where 

Transient Response Time 

(52) 

(53) 

The transient response time required for a 
push-pull converter to adjust to a step in the 
load current of Alo Is 

(54) 
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PART 2: SWITCHED-MODE 
POWER SUPPLY 
MAGNETIC 
CONSIDERATIONS 
AND CORE 
SELECTION 

CORE SELECTION 
Available ferrite core types cater for a wide 
range of SMPS application requirements. The 
preferred grade of ferrite for high-frequency 
power applications is Ferroxcube 3C8: a 
range of cores in this material is listed in 
Table 1, together with the principal data 
required by a designer. All symbols for quanti
ties used are listed in the Table below. 

If the proper core for a given application is to 
be selected, a number of factors should be 
taken into account. The type of converter 
circuit used, for example, determines to a 
large eldentthe throughput power capacity of 
a transformer wound on a given core type. 

The discussion here assumes that no pre
magnetization - magnetic bias by a perma
nent magnet- is applied to the core. 

The selection charts given here are mainly intended 
for cores for push-pull and forward-convarter trans
formers. The design procedure for flyback converter 
transformers differs considerably, and the selection 
charts given here are mainly intended as a check on 
the core selected in Part 4. 

Core Selection for Forward and 
Push-Pull Transformers 
Selection charts 1, 2 and 3 show the through
put power as a function of frequency for a 
number of ferrite cores in the frequency range 
10kHz to 100kHz. Note that the transformer 
throughput power must exceed the output 
power by an amount set by the efficiency of 
the output circuit, as discussed in Part 1. 

Table 1. Principal Data for Cores for High-Frequency Power Applications 

CATALOG 
CORE TYPE Acp MIN As Ve Ie BCF HCF IAV 9JN 9JC2 

NUMBER1 (mm~ (mm2) (mm3 X 103) (mm) (mm) (mm) (mm) (OC/W) (OC/W) 

4322 020 52500 EC35/17/10 66.5 84.3 6.53 77.4 21.4 4.6 53 17.4 20.0 

4322 020 52510 EC41/19/12 100 121 10.8 89.3 24.4 5.5 62 15.5 17.0 

4322 020 52520 EC52/24/14 134 180 18.8 105 28.2 7.5 70 10.3 11.9 

4322 020 52530 EC70/34/17 201 279 40.1 144 41.3 11.5 96 7.1 7.8 

4312 020 34070 EE20/20/5 23.5 31.2 1.34 42.8 10.5 3.0 38 35.4 

4312 020 34020 EE25/2517 52.0 55.0 3.16 57.5 30.0 

4312 020 34550 EE30/3017 46.0 59.7 4.00 66.9 16.3 4.B 56 23.4 

4312 020 34110 EE42/42/15 172 lB2 17.6 97.0 26.2 6.B 93 10.4 12.2 

4312 020 34120 EE42/42/20 227 236 23.1 98.0 26.2 6.B 103 10.0 11.5 

4312 020 34170 EE42/54/20 227 236 2B.8 122 35.3 6.B 103 8.3 9.8 

4312 020 34190 EE42/66/20 227 236 34.5 146 50.0 6.B 103 7.3 8.1 

4312 020 34100 EE55/55/21 341 354 43.7 123 32.5 7.7 116 6.7 7.4 

3122 134 90210 EE55/55/25 407 420 52.0 123 32.5 7.7 124 6.2 6.8 

4312 020 34380 EE65/66/27 517 532 78.2 147 38.6 10.2 150 5.3 6.1 

3122 134 90690 UU15/22/6 30.0 30.0 1.44 48.0 10.0 4.0 45 33.3 

3122 134 90300 UU20/3217 52.2 56.0 3.80 68.0 14.5 5.5 57 24.2 

3122 134 90460 UU25/40/13 100 100 8.60 86.0 19.0 7.0 75 15.7 

3122 134 90760 UU30/50/16 157 157 17.4 111 26.0 9.0 104 10.2 

3122 134 91390 UU64/79/20 289 290 61.0 210 1101983 5.4 6.2 

NOTES: 
1. Core material 3C8. 
2. For IEC class 2 Insulation. 
3. Wound on both legs. 
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Each core is represented as a shaded area. 
as shown in Figure 1. 

NOTE: 
In the cora selection charts. the power-handling 
capability of each core 10 p~ as • shaded area 
extending !tom 10kHz to 100kHz. TIle vertical bound· 
aries of this area .. preasnt the upper and lower limits 
of throughput power capacity achievable by good 
design. but depending on conductor I¥J>e and _r 
line insu_n requirements. 

Figural. Power Handling CapabHIty 

The aclual throughpu1 power obtainable with 
a given core depends to a large extent on the 
following characteristics: 
• The flux density sweep 

• The winding configuration (simple or 
split/sandwiched windings, sensor or 
demagnetization windings, see Part 3) 

• Conductor type (solid, strip, Litz, see 
Part 3) 

• Single or multiple ou1pu1 

• Power line insulation requirements 

The upper limit of the sheded area for each 
core refers to a transformer design with 
optimized flux-density sweep, maximum use 
of the winding window, and Litz wire for 
minimum AC resistance. The lower limit refers 
to a design with 8mm creepage distance for 
IEC 435 power line insulation, optimized flux
density sweep, a (1 + 2) winding configuration 
(Part 1), and optimized but solid-wire wind
ings. In addition, the following general condi
tions were assumed in the calculation of both 
boundaries: 

"'11'"'' 

a. Puah-Pun Converter Trenaformera 

• The hot-spot (peak) temperature of the 
core is l00·C; the temperature rise is 
4O·C 

• The maximum flux-density sweep is 
limited to 1/1.72 of the maximum 
permissible flux density for the core 
material (O.32T for FXC 3C8) to cope 
with transient conditions 

• The thermal behevior of wound ceres, 
bu1 without potting or additional 
heatsinking, was assumed 

• Core flux densities are calculated 
assuming minimum cross-sectional 
areas. 

Thus, the selection charts are based on 
worst-case conditions. Where the ambient 
temperature Is lower than eo·C, when feed
forward (Part 1) is used to ease the restriction 
on maximum flux density, or when heatsink
ing or potting are employed to improve heat 
transfer, throughput power capacity will be 
increased. 

It may happen that, at a given power level, 
more than one type of cere may be used. The 
following criteria may be used to make a 
choice: 
• copper foY secondary windings are preferable for 

low-voltage, higlH:urrent supplies; thus, for ease 
of winding. a core with a round canter pole should 
be chosen 

• coD lormers and mounting hardware are not avail
able as standard for all core types 

• production logistics may be improved If one cora 
type is used lor both transformer and choke. 

Where these considerations do not apply, the 
choice of core should be guided by the 
discussion of Section 2. 

Core Selection for Flyback 
Converters and Chokes 
The magnetic design of flyback transformers 
and output chokes for forward and push-pull 
converters is essentially the same: the main 
design parameter is the energy to be stored. 
Core selection, therefore, is made on the 
basis of enargy stored, hiLL A selection 
procedure based on energy to be stored is 
given in Part 4. This leads directly to spacer 
thickness and number of turns. Once a cere 
has been chosen from Part 4, use charts 4 

..... , .. 
b. Forwan:I-Converter Transformer 

(With Slow-RIM Capacitor) or 
Alnglng-<:hoke Flyback Converter 

and 5 to check that the core chosen satisfies 
the throughpu1 power requirements. If not, 
choose a larger cere size for the design 
procedure in Part 4. 

OPERATING FLUX DENSITY 
When daterminlng operating flux density, a 
distinction must be made between transform
ers and chokes. For chokes, and flybsck
converter transformers (which also function 
as chokes), the most important parameter is 
the maximum peak flux density. The flux 
density sweep follows from the inductance 
value requlred. 

For push-pull and forward-converter trans
formers, both AC and DC components of flux 
density must be taken into acccunt from the 
start of the design process. 

Flux-Density Levels for Forward 
and Push·Pull Transformers 
The operating flux density of a transformer 
can seldom approach the maximum permissi
ble flux density In practice since an allowance 
must be made for transient conditions, such 
as sudden load increases. 

Unless special electronic measures (Pari 1) are 
taken, a transient faclor is required to cope with 
sudden load changes. This lactor 18 related to the 
ability of the power supply to aocept a range of Input 
voltages. The Input voltage range of power line 
operated power supplies may be 215V to 370V, or 
200V to 340V; for telephona suppllas, 40V to 70V; 
and for mobile suppr .. s, 9V to 15.5V. The usual 
transient lactor is 1.72. 

For symmetrical excitation of the core (push. 
pull), the maximum possible flux-density 
sweep (Figure 2) is, in principle, twice thet for 
asymmetrical excitation. In practice, however, 
allowance has to be made for unbalance 
when determining the operating flux density. 

The maximum operating Ilux density depends on the 
protection circuitry. One source of unbalance is 
unequal flux linkage between two halves of a canter
tapped winding. For this reason, bifilar windings are 
to be preferred. However, this Is not possible In 
power line operated supplies since the voltage 

across the winding might be greater than the maxl
mum voltage between adjacent turns. 

"""". 

Co Flyback Conv.rter Chok. 

Figure 2. Flux-Denalty Excuralona and the Corresponding Flux-Den"ty Sweepa 
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Table 2. Maximum Values of Flux-Density Sweep for Various Converter Types and Control Circuits 

FLUX·DENSITY SWEEP BAC CP (T) 
BOUNDARY CONDITIONS 

Forward 

Maximum sweep for FXC 3C8 (100·C) 0.16 

0.32 
At transient factor 0: --

20: 

With unbalance factor e 

0.32 
With x% feed-forward 

2(1 +x/100) 

With unbalance factor e and x% feed-forward 

The major reason for asymmetry is unequal conduc
tion times or saturation voltages of the power 
switches In a push-pull converter. Storage effects 
can result in different switch.off delays. Core satura
tion opcurring due to a delay decreases the primary 
Inductance so that the magnetizing currant rises 
steeply. This may lead to the destruction of the 
power switches. As a further safeguard, the maxi
mum operating flux density should be decreased bY 
an addltional facfor that depends on the efficiency of 
the protection circuit A practical guide is a 15% 
allowance for a fully protected converter (unbalance 
factor e - 1.15), but a 100% allowance for an 
unbalanced push-pull converter (e = 2). 

In forward converters, remanence should, in 
theory, also be allowed for. However, to 
obIsin the correct primary inductance, some 
alrgap is often useful. This alrgap, together 
with the slow-rise capacitor (Part 1), results in 
the whole first quadrant of the BH loop being 
useful in practice, as is shown in Figure 2. 

Where feedforward control is used, the tran
sient factor can be reduced considerably and 
a higher flux-density sweep can often be 
applied. 

The actual transient factor Is determined bY the 
feed..forward percentage used. Note, however, the! 
application of feed-forward raduces the transient 
response of the power supply. 

Practical flux-density and sweep limits are 
summarized for various converter types in 
Table 2. The curves of Figure 3, show the 
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optimum flux-density sweep, where through
put power is maximum, for a range of cores in 
the frequency range 10kHz to 100kHz. Hori
zontal lines indicate the maximum allowable 
sweep for various converter types. Further 
lines cen be added for other boundary condi
tions with the aid of Table 2. The given curves 
are calculated for a transformer temperature 
rise of 40·C. 

The converter operating frequency is set by 
the required output voltage and current, and 
by the type of switch to be used. Once this 
frequency Is known, the optimum flux-density 
sweep can be found for any core type. 

Where the frequency is more or less fixed, and two 
core types could be used (Section 1), preference 
should be given to that core type for which the 
intersection of the optimum sweep curve with the 
set frequency is closest to the maximum flux density 
sweep. 

Where frequency can be chosen freely, the 
frequency corresponding to the intersection 
of the optimum sweep curve with the line for 
the maximum flux-density sweep represents 
the optimum use of the core material. 

Operation at the optimum sweeps represent
ed by the curves of Figure 3 means that core 
loss and permissible winding loss are in 
optimum proportion. Deviation from the opti
mum proportion of core and winding loss, 
results in a lower throughput power. When 
the design is limited by saturation flux density, 
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Push·pull 

0.32 

0.32 --
ex 

0.32 
--
eo: 

0.32 

e(1 + x/100) 

deviation is inevitable. The effect of deviation 
from the optimum flux density is plotted in 
Figure 4. This plot, which applies to any 
frequency, gives a rough indication of the 
reduction in throughput power from the opti
mum value. Once the optimum flux density 
sweep has been determined for the core and 
converter combination, the number of turns 
can be calculated as shown in the next 
section. 

Flux Densities for Chokes and 
Flyback Transformers 
The maximum flux density is taken into ac
count in the design procedures given in Parts 
1 and 4. The design centres around the 
maximum stored energy 1t21£iL in the choke, 
which, in turn, is related to the inductance 
value from which follows the number of turns. 

The flux-density sweep in chokes is generally rela
tively low, and so, in consequence, is the core loss. 
It may happen, however, especially in ringing choke 
fiyback converters, that the flux·density sweep is 
comparable to thet in forward converters. Core loss 
Is not then negligible and should be calculated as 
shown in the section on core loss. 

Once core type, spacer thickness, and num
ber of turns have been established, the peak 
flux-density sweep can be calculated: 

I 
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7. EEl6lI15/25 UU84/79l2O .. EE55/88I27 

2. ull2O/32l7 EEHIH/7 EE3II/3Of7 
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NOTE: 
HorIzontal lines indicate the limits for various converter types, with a - 1.72. The curves are calculated for a transformet temperature rise of 40°C. 

Figure 3. Optimum Peak Center-Pole Flux Density SWeeps BAC OPT tor a Vartety of Cores tor SMPS Applications 

where lAC is found during the design process 
(Part 1). In the case of a flyback transfonner, 
all quantities refer to the primary. 

If lAC is relatively high, core loss will be 
significant. 

o.e o.e 1 1.1 1.2 
IllIIoPT 

00'''''''' 
Figure 4. The Effect on Throughput 

Power capacity of a Deviation 
In BAC trom the Optimum Value 

Indicated In Figure 

NUMBER OF TURNS 
Once the flux-density sweep is known, the 
number of turns can be detennined. 

Forward and Push·Pull 
Converter Transformers 
The minimum number of turns in the second
ary 
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z = 2 for forwsrd and half-bridge push-pull 
converters; 

z = 4 for full-bridge push-pull converters. 

The values of Ii and VI are obtained from 
INI = liMAxVI MIN = 6,.,INVI MAX (this and r' are 
found In Part 1). 

n2 MIN will generally not be an integer and 
must be rounded. If the value of n2 MIN Is 
small, rounding will change the flux density 
sweep significantly. To prevent saturation, 
rounding should be to the next higher integer. 
The effect of rounding can be counteracted 
by changing the operating frequency. 

Where operating frequency Is not foxed, iteraUon will 
resuU in a satisfactory design. When the actual flux
density sweep Is within 10% of the optimum, 
thrcughput power will be within 5% of its maximum. 

Use the flux-density sweep obtained after 
rounding to detennlne core loss. 

Flyback Converters and Chokes 
Flyback converters and output chokes: the 
number of turns is derived and rounded in the 
choke design procedure given in Part 4. 

Flyback transformers: the rounded number of 
primary turns is found in the choke design 
procedure of Part 4. The value of r' is 
calculated in Part 1. 
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CORE LOSS 
At frequencies approaching 100kHz, core 
loss has two main components: hysteresis 
loss and eddy-current loss. The hysteresis 
loss in Ferroxcube 3C8 at 100°C is 

This expression applies between 10kHz and 
100kHz for both symmetrical and asymmetri
cal excitation, and for both sine and square 
wave fields. 

The eddy-current loss for Ferroxcube 3C8, 
under the same conditions, is 

The contribution of eddy-current loss in the core Is 
greatly dependent on core size, frequency and flux 
density sweep. Below 100kHz, eddy-current loss 
may be neglected lor small cores. However, for the 
largar cores, such as the E65 and EC70, eddy
current loss becomes Important at much lower 
frequencies. 
For very large cores, with center·pole diameters 
exceeding 35mm, the expressions for both PH and 
PE do not hold, aven below 100kHz. 

In the above expressions, BAC EM is the peak 
effactive flux density sweep. It is reiated to 
BAC cp by 

For cores of constent cross sectional area, 
such as most E and U cores, BAC CP and 
BAC EM are Similar in value, but they differ 
Significantly for EC cores. 
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THERMAL RESISTANCE 
In order to determine the maximum permissi
ble dissipation of a transformer or choke, its 
thermal behavior must be known. This de
pends on core size, conductor form, and 
insulation requirements. Table 1 gives two 
values for thermal resistance: with and w~h
out creepage distance allowance at the ends 
of the winding. 

These thermal resistances were measured with the 
transformer mounted on a printed circuit board with 
no local heat sources. They are referred to the hot
spot temparature in the middle of the center leg of 
the core (as deduced from the measured value on 
the ferrite surface). 

For hot-spot temperatures up to 100·C, the 
maximum permissible winding dissipation 
may be obtained from: 

This expression may be used for any ratio of 
core to winding dissipation. 

in a choke with a large DC component of current, 
where core loss is nsgllgible, Pw - .:loT/OJ. 

The temperature rise should be checked 
again once the winding design is complete. 
Winding design is treated in Part 3 for trans
formers and Part 4 for chokes. If the actual 
temperature rise is too high, the estimated 
throughput capacity was optimistic and a 
larger core should be used. 
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DATA NECESSARY FOR 
WINDING DESIGN 
Before it is possible to move to the design of 
the windings, the following data should be 
available. 

Forward and push·pull converters 
• Core type(s) 
• Call former dimensions 
• Power line insulation requirements 

• Preliminary tums ratio (Part 1) 

• Rounded number of secondary turns 

• Operating frequency 
• Secondary current and waveform 
• Winding dissipation permitted 

• Other windings - auxiliary outputs or 
sensor windings. 

Flyback Transformers 
• Core types (Part 4) 

• Coil former dimensions 
• Number of primary turns (Part 4) 

• Preliminary turns ratio (Part 1) 

• Operating frequency (Part 3) 

• Primary and secondary currents and 
waveforms 

• Other windings - sensor or auxiliary 
outputs 

• Winding dissipation permitted 

• Core loss 
• Power line insulation requirements 
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Output and Flyback Chokes 
• Core loss 

Proceed to Part 4 for remaining design. 

CORE SELECTION CHARTS 
These charts allow an initial selection to be 
made of the appropriate ferrite core for a 
particular SMPS application. The upper limit 
of the shaded areas represents the perfor
mance of the core under ideal conditions: Litz 
wire windings and the whole of the winding 
window devoted to power transfer windings. 
Thus, there are no auxiliary windings, such as 
energy-recovery (demagnetizing) windings, 
and no allowance for creepage distance. The 
lower limit of the shaded area corresponds to 
the minimum performance to be expected 
from a basic, practical design. Thus, allow
ance is made for creepage distance, 30% of 
the remaining window is assumed to be 
occupied by auxiliary windings (non-power 
transfer windings), and the winding design is 
assumed to be optimized as shown in Part 3 
of this series, but of simple construction. For 
both boundaries, optimum flux-density sweep 
is assumed. 

NOTE: 
·Cores marked with an asterisk have insufficient 
winding breadth for creepage distance for IEC 435 
power line isolation. 

• 
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THROUGHPUT POWER CORE SELECTION CHART 1 

Forward Converter 

NOTE: 

5OOO~,....----, 
4000 
3000 

2000 

1: 1::-----1 
eoo 
400 

£300 
1 200 

10 20 40 eo eo 100 20 40 eo eo 100 
I (kHz) I (kHz) 

10 20 40 eo 80 100 20 40 eo 80 100 
I (kHz) I (kHz) 

OP1S300S 

·Without creepage allowance. 
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5000 r-----, 
4000 
3000 

2000 

400 

£300 
j!;200 

Q. 

10 20 40 eo eo 100 20 40 eo 80 100 
I (kHz) I (lcHz) 

5000 r------, 
4000 
3000 
2000 

20 

01', ..... 

20 40 eo 80 100 
I (kHz) 

OP1531OS 
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THROUGHPUT POWER CORE SELECTION CHART 2 

Balanced Push-Pull Converter 

NOlES: 

1iCICIO...-----, 
4000 
3000 

zooa 

20 40 60 60 100 20 40 60 60 100 
1 (11Hz) 1(-> 

0""""" 

20 

10 20 40 60 60 100 20 40 60 60 100 

11-> 11-> 
01', ..... 

20 40 60 60 100 20 40 60 60 100 
1 (11Hz) 11-> 

""'", ... 

10 20 40 60 60 100 20 40 60 III 100 

1 (11Hz) 11-> 
""' ..... 

In order to obtain the performance Indicated here, great care In both converter design and transformer winding layout 18 required to ensure that core excitation remains symmetrical. Any 
asymmetry could resuH In sat_on of tho COI'O end dos1ructlon of tho power _has In tho convertor. 
*WIthout creepage allowance. 
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THROUGHPUT POWER CORE SELECTION CHART 3 

Unbalanced Push-Pull Converter 

NOTE: 

5000 ,....-----, 
4000 
3000 

2000 

40 
30 

20 

10 20 40 60 80 100 

I (kHz) 

5000,....-----, 
4000 
3000 

2000 

20 40 60 80 100 
I (kHz) 

10 20 40 60 80 100 20 40 60 60 100 
I (kHz) I (kHz) 

0Pl."", 

·Without creepage allowance. 
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5000 ,....-----, 
4000 
3000 

2000 

10 20 40 60 60 100 L.2Ol....I...4Ol....I...60'-'-80L..Wl00 

1(lcHz) I (kHz) 

20 40 60 80 100 
I (kHz) 

OP1538DS 
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THROUGHPUT POWER CORE SELECTION CHART 4 

Flyback 'Y = 1 + 

NOTEIk 

��OOO.------, --2000 

40 
30 

20 

10 20 40 60 60 100 20 40 60 80 100 
1Cktt.) I (kHz) 

20 40 80 80 100 20 40 60 60 100 
I (kHz) I (kHz) 

OP15421S 

10 toJ:IJIm 
20 40 60 80 100 20 40 60 80 100 

I (kHz) I (kHz) 

20 40 80 80 100 20 40 80 80 100 
I (kHz) I (kHz) 

OP1543OS 

These charta are Intended as • guide only: the choke .-procedure In Part 4, based on stored energy, should be used to make the choice of core. These charta cen be used to 
check that choice. 
+ 'Y 1& the ratio of minimum to maximum load current for good regulation at constant duty factor. 
·Without creepage allowance. 
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THROUGHPUT POWER CORE SELECTION CHART 5 

Flyback 'Y = 0.25 + 

£ 
; 

5000 .-------, 
4000 
3000 
2000 

211 

10 211 40 80 80 100 

I (kHz) 

400 

211 40 80 80 100 
I (kHz) 

0 ....... 

0P164818 

400 

£ 
; 

5000....----...., 
4000 
3000 
2000 

1000 
BOO 
BOO 

400 

200 

100 
BO 
80 

40 

211 

10 
8 
8 

40 BO BO 100 
I (kHz) 

211 40 80 80 100 
~) 

20 40 80 80 100 20 40 80 80 100 
I (kHz) I (kHz) 

NOTES: 
+ ..,. is the ratio of minimum to maximum toad current for good regulation at constant duty factor. 
·WIthout creepage allowance. 
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OP ...... 

20 40 80 BO 100 
I (kHz) 

0" ..... 

211 40 80 80 100 
F(kHz) 

0P1 ..... 
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PART 3: TRANSFORMER 
WINDING DESIGN 

INTRODUCTION 
At ultrasonic frequencies, the simple design 
rules used for low frequency transformer 
winding design are no longer valid. 

Winding resistance and thus winding loss are in
creased through eddy-current effecla - the proximi
ty effect. At power line frequencies these effecla can 
be Ignored. 

The design methods and aids presented here 
aim at finding the optimum winding design: 
that is, the winding geometry that yields 
lowest loss. 

In drafting these design aids, the number of deci
sions made for the designer has been restricted to a 
minimum. He thus obtains a maximum of freedom of 
choice. 

The essential background information will be 
given after presenting practical design proce
dures. 

A certain amount of background information Is 
required to use that freedom properly. 

DEFINITION OF THE PROBLEM: 
BOUNDARY CONDITIONS 

Given Boundary.Condltions 
The following boundary conditions are set 
once a core is selected: 

• Frequency 
• Primary and secondary RMS currents 

• Primary and secondary turns numbers 

• Winding breadth 

• Available winding height 

• Permissible winding loss 

Coil former and winding dimensions are de
fined in Figure 1 and the List of Symbols 
which is on the following page. 

These parameters can only marginally - ff at all
be varied in winding deSign, therefore, they are 
termed given bcundary conditions. 

Winding breadth bw follows from coil formar breadth 
BCF and the required creepage allowance c as set 
by the Insulation standard. Available winding height 
is the height of the winding window HCF in the coil 
former less the height occupied by the screens w~h 
the Insulation, and the auxiliary windings (control 
windings not taking perl in power transfer.) This 
available height should accommodate the power· 
transfer windings. It is not possible to determine 
beforehand the maximum height of Individual wind
ings. 
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~'I' ~ 'I'h, 

~~I~~-
t--J-------------___ 1_ 

Figure 1. Definitions of Coli Former and Winding Dimensions 

Chosen Boundary Conditions 
In the winding design process the designer 
can make his own choice of 

• Winding configuration 

• Conductor form (wire, strip, bunched 
wire, etc.) 

At the moment of choice, it is not always clear which 
choice is best. When an inexpensive design has an 
acceptable loss it may be preferable to a more 
costly design with even lower loss. It may therefore 
be desirable to work out more than one design by 
making preliminary choices for these boundary con
ditions. 

The Design Problem 
The actual winding design is now to determine 
the most suitable winding geometry. 

Solving this problem requires (preferably conve
nient) means and methods to determine 

- for strip windings (strip width equal to wind
ing breadth) 
• strip thickness 

- for wire windings 
• number of layers 
• wire size. 

Having chosen the interleaving thicknesses, all 
further desired parameters can be calculated. 
Such means and methods are presented in this 
paper. For the prevailing set of (given and chosen) 
bcundary conditions they are directed to finding the 
geometry giving minimum loss. 

DESIGN PROCEDURES 
The design process is organized in the follow
ing fIVe phases. 

Collecting the boundary conditions. 

Determining the ideal pewer windings. 

III Evaluating winding loss and required 
height. (According to the resu~, the 
design process then branches to Phase 
IV or Phase V, or a new stsrt is re
quired.) 
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IV Determining the optimum combination 
of non-ideal designs that will fit into the 
available height. 

V Finalizing the design. 

NOTE: 
Here, the term "ideal" is used to dascribe windings 
deSigned for minimum loss ragardless of the height 
of coil former required. Non-ideal windings have a 
height less than that required for ideal windings and 
the lowest possible loss that this height permits. 

PHASE I. 
COLLECT THE BOUNDARY 
CONDITIONS 

Given Boundary Conditions 
Collect the given boundary conditions as set 
by circuit requirements and the core selected 
(Parts 1 and 2 of this series for forward and 
push-pull transformers, Parts 1 and 4 for 
flyback transformers). 

1_ Core Related: 
• Operating frequency 

• Maximum permissible winding loss 
Pw MAX 

• Preliminary primary to secondary turns 
ratio r'. 

For forward and push-pull transformers: 

• Number of turns in seccndary NSEC 

• Full-load RMS secondary current I. 2. 

For flyback transformers: 

• Number of turns in primary N1 

• Full-load RMS primary current I. t 

• Full-load RMS secondary current Ie 2. 

2 •. Clrcult Related: 

• In the case of power line isolation, 
creepage distance c 

• Data on windings other than power 
windings, such as demagnetizing and 
sensor windings 

• Single or multiple secondaries. 

I 
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LIST OF SYMBOLS 

SYMBOL UNIT" DEFINITION SYMBOL UNIT" DEFINITION 

b mm Breadth of (rectangular) conductor Nl - Number of turns per layer 
bw mm Actual winding breadth NpRIM - Rounded number of primary turns 
B T Leakage flux density NSEC - Rounded number of secondary turns 
BCF mm Coil former (or winding window) breadth p - Number of layers 
c mm Creepage distance required by the ruling PM W Winding loss margin: Pw MAX minus total 

insulation standard winding loss 
C - Winding configuration factor: simple = 1; Pw W Dissipation in transformer windings 

split! sandwiched = 2 Pw MAX W Maximum permissible winding dissipation 
CN - Correction factor for N (strip windings) r - Transformer turns ratio 
Cp - Correction factor for p (wire windings) rAC rUm AC resistance per unit length of 
d mm Wire diameter conductor (under specified conditions) 
do mm Overall wire diameter of enamelled wire rDC !Um DC resistance per unit length of 
d~ mm Optimum wire diameter for p > 1 conductor 
f Hz Operating frequency RAC n AC resistance 
f. kHz Effective frequency Roc n DC resistance 
Fg - Space (copper) factor in the layer breadth t mm Winding pitch 
FR - Ratio of AC resistance to DC resistance tMIN mm Minimum winding pitch required for a 

(at a specified frequency) given wire size 
h mm Conductor height: for solid, round wire T mm bw/N, winding breadth-to-turns ratio 

h = dV(iT74); for strip conductor, strip z - Factor 
thickness .<l mm Skin thickness 

H mm Height of a winding (portion) 8 - Ratio of minimum to maximum leakage 
HA mm Available height for power windings or flux density over the height of a 

winding portions winding 
HR mm Remaining free winding height: HA less 110 HIm Permeability of free space: 411' x 10- HIm 

the combined heights of the power a nm Resistivity 
windings «J - Effective conductor height, expressed as 

i mm Thickness of interleaving a multiple of .<l 
IE A RMS current at full load 

SUBSCRIPTS 
RAV m Average turn length 
n - Preliminary number of turns 1 Pertains to a transformer primary or primary winding 
nH - Winding-height factor for bunched wire portion 
ns - Number of strands in bunched wire 2 Pertains to a transformer secondary or secondary 
nt - Winding pitch factor for bunched wire winding portion 
N - Rounded number of turns in a winding e An effective value 

portion id An ideal (optimum) value 

SUPERSCRIPT 

(as in r') a preliminary (not rounded) value, 

• unless otherwise stated, 
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Chosen Boundary Conditions 
1. Winding configuration: Choose between the 

simple configuration (where C = 1) or the 
split/sandwiched configuration (where 
C = 2). In the latter case, decide which 
winding will be split, and which sandwiched. 
(It is usual to split the winding with the larger 
number of turns.) Sketch the complete 
winding arrangement (not to scale), includ
ing any auxiliary or multiple-output windings, 
as in Figures 4, 18 and 20. Draw also the 
leakage-flux (or NI) diagram and determine 
for each of the power windings the value of 
~, the ratio of minimum to maximum leak
age flux density over the height of the 
winding. Normally ~ = 0, but in multiple 
output transformers it occurs that ~ * O. 

In the case of a flyback transformer, draw 
the leakage-flux diagram for both the peri
od of primary conduction and the period of 
secondary conduction. 

2. Conductor form: Assume single round wire 
initially. The results thus obtained will guide 
the final choice of conductor. 

Derived Boundary Conditions 
1. Effective frequency: If the waveform of the 

current through the windings is known from 
previous designs, the effective frequency f. 
can be obtained by analysis of the current 
waveform. If the waveform is unknown, 
assume that f. is the switching frequency in 
kHz. 

2. Effective skin thickness in copper at 1 OO·C 
is 

.:le = (5.62/f.) (mm) 

with f. in kHz. 

3. Number of turns 

a. Forward and push-pull transformers; 
secondary, N2 = NSEC/C 
primary, n1 = NSECr'. 
Initially, round n1 to the next even integer 
NpRIM. It is essential that NpRIM is even if 
the winding is to be split, and it avoids a 
further rounding if there are two layers in 
a simple winding. Then, 

N1 = NpRIM/C. 

b. Flyback transformers: A flyback trans
former may use a split/sandwiched wind
ing configuration to reduce leakage in
ductance, but this will not, however, 
reduce winding loss. The design proce
dures are always those for simple wind
ings. But, of course, the number of turns 
of the split winding must be rounded to 
an even number. 

rounded to an integer. 
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c. Multiple-output windings 

• Calculate (as described in Part 2 of this 
series) for the output with the lowest volt
age, that is, with the smallest number of 
turns, and round up to the next integer. 

• To obtain the number of turns for the other 
outputs divide the required output voltage 
by the volts-per-turn value for the lowest
voltage winding. Round the numbers of 
turns of all outputs to the nearest integer. 

• Check whether the various output voltages 
are within the required limits with these 
numbers of turns. 

• If not, increase the number of turns of the 
lowest-voltage winding by one, and repeat 
the calculations, starting with the volts per 
turn. 

• When the numbers of turns for the correct 
output voltages have been established, cor
rect the number of primary turns using the 
volts-per-turn value last found. 

4. Winding window 

a. Winding breadth bw = BCF - c, see Fig
ure 1. 

b. Available height: the height available for 
the complete power windings is HCF less 

• An allowance for imperfect contact 
between layers, interleavings and 
screens; 

• The height of screens and their insula
tion (C times); 

• The height of auxiliary windings han
dling little or no power, such as: 

- A sensor winding on the primary side 
of the screen that may also supply a 
little power for the control circuitry, 

- A demagnetizing winding. 

Such windings are not designed for minimum 
loss. To save height, single layers are as
sumed of winding pitch 

t = bw/(N + 1). 

Choose a wire size such that tMIN';; t and 
d ';;.:le. Then with an interleaving of thick
ness i suitable for the winding pitch, the 
required height is 

H=do+ i. 

The height that remains after all deductions 
divided by C is HA, the height available for 
one primary and one secondary winding por
tion. 
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PHASE II: 
DETERMINE THE IDEAL POWER 
WINDINGS 

Not yet knowing the value of p, multilayer 
windings are assumed initially. If, during the 
design procedure, this assumption proves 
incorrect, the design procedure switches to 
that for single-layer windings. 

Follow the procedure below for all power 
windings. 

Ideal Multilayer Windings of 
Solid, Round Wire 

( 
17.1bw )1/3 

1. Calculate doo = ---
Nf. 

2. If ~ = 0, read Cp from the table below. If p 
is not known, take p = 1.5 for a sand
wiched winding or p = 2 in other cases. 

if p > 3 
p 1.5 2 2.5 3 to 4.5 > 4.5 check 

Cp 1.06 1.03 1.02 1.01 for errors 

If ~ * 0, calculate 

Then calculate diD = dooCp. 

3. Select the nearest standard wire size from 
a wire table and note d, do, tMIN and rDC. 

4. Number of layers: 

N 
a. PID = bw/tMIN _ 1 

NOTE: 
This expression is valid only for tMlN from Step 
3. 

- If PID';; 1.5 a strip or foil alternative 
may be preferable. 

- If ~ = 0 and PID';; 1, the expression 
for doo in Step 1 is not valid. Go to the 
single-layer winding procedure. 

b. Find p by rounding up PID to the next 
suitable value: to a multiple of 0.5 for a 
sandwiched winding, and to an integer 
in other cases. 

c. Calculate Nt = NIp. If that value is not 
an integer, consider an adaptation of N 
to facilitate manufacture. Start again 
with the new value of N. 

d. If ~ = 0, check that the value of p used 
equals that assumed in Step 1. If not, 
repeat from Step 2 using the correct 
value of p. 

5. Determine the winding pitch t = bwl 
(Nt + 1) = pbw/(N + pl. Nt may not be the 

I 
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same in all layers (Step 3c); this will result 
in different values of 1. Remember that all 
layers should occupy the full breadth bw. 
Do not allow a difference greater than one 
turn in Nt 

6. Select a suitable interleaving, thickness i, 
for the winding pitch and calculate the 
required height HIO = p(do + i). 

7. Resistance factor FR = 1 + Y2(d/dIO)6 
when d/dlo < 1.25. But when p = 1.5 this 
expression holds only for d/dlo < 1.15. 

8. AC resistance per meter length of wire 
rAC = FR roc· 

9. Winding loss of a complete winding (of C 
portions) Pw = CI~NLAvrAc, taking for the 
average turn length LAV the value for a fully 
wound coil former in m. 

Having found the ideal designs for all power 
windings using this procedure, proceed to 
Phase III. 

Single- and Half-Layer Windings 
of Solid Round Wire 
This procedure applies only when {} = o. 
Arriving from Step 4a of the previous proce
dure, take p = 1. 

1. Winding pitch t = pbw/(N + pl. 

2. Select from a wire table the thickest stan
dard wire for which tMIN .;; t and note d, do 
and roc. Also choose a suitable interleav
ing, thickness i. 

3. H = p(do + i). 

4. '" = v'(0.124f.d3/t), (f. in kHz, d and t in mm). 

NOTE: 
If f. differs from the switching frequency, use the 
lower value of frequency. 

5. Read FR from Figure 2. Beyond the chart, 
FR=P"'· 

6. rAG = FRrOG. 

7. Pw = CI~NLAVrAG, where LAV in m. 

NOTE: 

,. , 
,.115 

,.02 

'.01 ... 

/ 

/ 

1/ 

P = 1 -0.5 

V 

2 3 4 5 

• 

Above FA "" 4, take FR "" PIP. 

, . 
Figure 2, FR VB '" for Single- and 

Half-Layer Windings 
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In the case of a sandwiched winding, consid
er a strip or foil winding. If a wire winding is 
preferred, and if '" from Step 4 is about 4 or 
greater, a half-layer winding will probably 
have about equal rAG, about half the wire size 
and about one quarter of the copper content; 
follow the above procedure using p = 0.5. 

Having found the ideal designs for all power 
windings, go to Phase III. 

Ideal Strip or Foil Windings 
1. If {} = 0, read CN from the table below. 

NO.5 1 1.5 2 2.5 3 to 4.5 ;;>5 
eN 1.691.19 1.06 1.03 1.02 1.01 1 

Then determine f. (kHz). 

-~ hlo = CN V -;:;;--- m mmm" using f. in kHz. 
Nf. 

2. Select the nearest available strip or foil 
thickness, h. 

3. FR = 1 + (1/3)(h/hIO)4 when h/hlo < 1.4. 

4. rAG = FR/(45bwh)f!/m (bw and h in mm). 

5. Pw = CI.2 NiAV rAG. 

6. Select a suitable interleaving, thickness 
i, then Hlo = N(h + i). 

NOTE: 
This procedure is for copper at 1 aQoC, resistivity 11 
45nmm2/m. It can be adapted to aluminium con
ductor (62% higher resistivity at 100·C). In the 
expression for hiD (Step 1) replace 9.74 by 15.8; in 
Step 4, replace 45 by 28. 

Compare Pw from Step 5 with that of the wire 
version of the winding, (Step 9 or Step 7) and 
choose the ideal solution for lowest rAG' 
Having found the ideal designs for all power 
windings, go to Phase III. 

PHASE III: 
EVALUATE THE DESIGN WITH 
RESPECT TO WINDING LOSS 
AND HEIGHT 
The success of a design attempt is judged on 
the basis of winding-loss margin PM and 
remaining free height HR. 

The winding-loss margin is calculated from Pw MAX 
and the total loss of the power windings. The 
remaining free height is calculated from HA and the 
heights of the power windings. 

There are four possible results of the evalua
tion: 

• PM and HR both positive: design attempt 
successful, proceed to Phase V. 

• PM and HR both negative: boundary condi
tions do not permit a successful design. 
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Make a fresh start with a higher operating 
frequency or a larger core, for example 

• PM positive and HR negative: a frequent 
occurrence, especially at lower frequen
cies. Try non-ideal winding designs requir
ing less height as in Phase IV. 

• PM negative and HR positive: reconsider 
the chosen boundary conditions and start 
again. Some basic considerations are: 

- Split! sandwiched designs offer lower 
loss than simple ones, especially at 
higher frequencies. 

- Strip or foil windings tend to have lower 
losses than (single-layer) wire windings. 

- If HR is large, try replaCing a single-wire 
winding by a multiple-wire or bunched
wire winding. Design procedures are 
given in the next section. A Litz-wire 
winding may also be possible if Hr is 
particularly large. Evaluate the result 
again. 

If adoption of one of these measures results 
in both HR and PM being positive, the deSign 
is successful; if not, try a higher operating 
frequency or a larger core in a new design. 

ALTERNATIVE DESIGNS: 
MULTIPLE, BUNCHED AND 
LITZ-WIRE WINDINGS 

Ideal Multiple-Wire Windings 
1 . Choose the number of parallel strands ns: 

usually 2 or 3. 

2. Follow the design procedure for ideal multi
layer windings of solid, round wire, as if the 
winding had nsN turns. If Step 4a results in 
PIO .;; I, follow the single-layer design pro
cedure, again replaCing N by nsN. 

3. Divide the value of rAG by ns to find the AC 
resistance of the ns parallel strands. 

Ideal Bunched-Wire Windings 
Bunched wire consists of a few strands of 
insulated wire twisted together to form a 
bunch. The strand diameter is not so small 
that eddy-current loss is negligible. 

The minimum winding pitch of a bunched wire 
of ns strands is nT tMIN, and the layer height 
without interleaving is nHtMIN, where tmin is 
the minimum winding pitch given in the wire 
tables for a single strand. Values of nt and nh 
for crude experimental bunches are given for 
guidance in the table below. 

ns 4 5 6 7 8 9 10 

nT 2.45 2.94 2.98 3.11 3.61 3.89 4.34 
nH 2.31 2.69 2.93 2.93 3.16 3.16 3.26 
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Multilayer Bunched·Wlre Winding 
1. Choose ns. a bunch of 7 strands gives the 

best space (copper) factor. 

2. If " - 0, read Cp from the table below. If p 
is not known, take p - 1.5 for a sand
wiched winding, and p = 2 in other cases. 

P 1.5 2 2.5 3to4.5 >4.5 

Cpl.06 1.03 1.02 1.01 

If "'* 0, calculate 

if p> 3 
check 
1 for 
errors 

3. Select the nearest standard wire size from 
a wire table, and note d, do, tMIN and roc. 

4. Number of layers: 

N 
a. PIO - ----

bw/(nrtMIN) - 1 

NOTE: 
The expression holds only for ""N from the 
previous steps. II PIO " 1, the expression in Step 
2 does not apply. 

b. Find p by rounding PIO up to the next 
suitable value. For sandwiched windings, 
round to multiples of 0.5; in other cases, 
round to integers. 

c. Calculate Nt - NIp. If this does not yield 
and integer, consider adapting N to facili
tate manufacture. Start again using the 
new value of N. 

d. If " - 0, check that the value of p found 
is that assumed in Step 2. If not, repest 
from Step 2 using the correct value of p. 

5. Winding pitch t - bw/(Nl + 1) = pbwl 
(N + pl. Nt may not be the same in all 
layers. This will result in different values of 
t. since all layers should occupy the full 
winding bresdth. Do not permit differences 
of more then one tum in Nt. 

6. Select a suitable interleaving, thickness i, 
for the winding pitch. The required height 
H - P (nHIMIN + i) where nH is given In the 
table in the section on Ideal Bunched-Wire 
Windings. 

7. Resistance factor FR = 1 + 1t2 (d/dIO)S. 

8. Resistance per meter length of bunch 
rAC - FRrOC/nS where roc is the resistance 
per meter length of strand. 

9. Pw - CI~N1AvrAC' where lAV In m. 
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Slngle·Layer and 
Half·Layer Bunched-Wire Windings 
This procedure applies only if ,,- 0 and 
p = 1. 

1. Winding pitch t = pbw/(N + pl. 

2. From a wire table, select the thickest 
strand for which tMIN <: tiny and note d, 
tMIN and roc. Also, choose a suitable Inter
leaving, thickness i, for the winding pitch. 

3. Required height H = P (nHtMIN + i). 

4. op = v' (0.124nsfed3/t). 
NOTE: 
II I. differs from the switching frequency, use the 
lower of the two values On kHz). 

5. Resd FR from Figure 2. Beyond the range 
of Figure 2, FR = pop. 

6. The AC resistance per meter length of 
bunch rAC = FRrOC/nS, where roc is the DC 
resistance of a meter length of strand. 

7. Winding loss Pw - CI~NtAvrAC, where tAV 
is in m. 

If op in Step 4 is greater than or equal to about 
4, a half-layer design might be preferable for 
a sandwiched winding. 

Litz·Wire Windings 
LItz-wire is here taken to be a kind of bunched 
wire in which the strands are so thin (d -< ~ 
that eddy-current effects can be neglected. 
Its main draWback is its low space (copper) 
factor, often only 25% to 30%. 

Litz-wire is standardized and commercially 
available. The standards specify numbers of 
strands, strand diameter, overall diameter 
and DC resistance. 

Mechanical stress deforms the bunch so that 
the breadth In the layer and, thus, the mini
mum winding pitch are greater than the over
all diameter of the bunch, but the height of 
the layer is smaller. 

1. Knowing the winding current lx, select a 
bunch of strand diameter d and number of 
strands ns such that !rd2ns ~ Ix. The 
resulting current density will be about 4 AI 
mm2. 

2. Due to deformation, the winding pitch t ~ 1, 
2do, where do is the overall diameter of 
the bunch. 

3. Provisional number of layers p' - Nt! 
(bw-t). 

4. If p' is within 10% of the next lower integer, 
the winding may be feasible with care with 
this lower value. Otherwise, take for p the 
next higher integer. Then calculate 
n's = ns(P/p,)2. 

5. Select a standard LItz-wire with the same 
strand diameter, and a number of strands 
as large as possible, but lower than n's. 
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6. The required height of the winding will be 
less than H = P (do + i), where i is the 
thickness of the interleaving. 

7. The DC resistance per meter length is 
usually given for 20·C, multiply that value 
by 1.3 to get the resistance at 100·C. Then 
calculate Pw = CI~NtAvroc, using lAV in m. 

NOTE: 
II all windings in the transformer are of LiIz-wire, 
the spWsendwiched winding configuration does 
not lead to lower losses. 

If a suitable Lltz-wire is not readily available, 
the above procedure can be adapted to use 
multiple Utz-wire using similar methods to 
those for multiple wire. 

PHASE IV: 
DETERMINE THE OPTIMUM 
COMBINATION OF NON·IDEAL 
DESIGNS 
When ideal designs overflow the winding 
space, non-ideal designs must be used. First, 
collect a few non-ideal versions of, if possible, 
primary and secondary. The accommodation 
procedure will then show which combinations 
fit into the available height. The one having 
the lowest loss can then be used as the final 
design. 

Non·ldeal Design Versions in 
Solid Round Wire 
Non-ideal design versions of wire windings 
are generated simply by successively reduc
ing the number of layers to reduce winding 
height. 

The procedure given in this Section is not 
valid when at the start p = 1. However, it 
remains valid if step 2 yields values of p <: 1. 

1. Note, for the coil former, bw and lAv (is in 
m); and for the ideal design, dlo (before 
rounding), N, I., p, t, d, H, rAC, and Pw. 

A table such as that shown below will be 
found a convenient design route. 

2. Reduce p by one step 

- of 0.5 for a sandwiched winding. 

- of 1 in other cases. 
I 

3. If Nt = NIp is not an integer, consider 
adapting N to obtain an integral number of 
turns per layer. If possible, let this adapta
tion cancel a previous one. Calculate the 
winding pitch. /' 

t - pbw/(N + pl. 

4. Select (from a wire table) the thickest 
standard wire for which tMIN <: t and note d, 
do, and roc. Select a suitable interleaving, 
thickness i. 

• 
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5. Required height 

H =p (do + i). 

6. Resistance factor 

FR - 1 + 1t2(d/dIO)6. 

If PIO > 1, this expression holds for p';;;; 1, 
but this is not the· case if PIO';;;; 1. 

7. Resistance per meter length of wire 
rAC = FRroe. 

8. Winding loss 

Pw = CI~NIAvrAC' 

For each design version, repeat this proce
dure from Step 2. 

Example: In this table of design versions, the 
3-layer version is the ideal design; the others 
are derived using the procedure above. 

Primary: Split, C = 2, bw = 13.4mm, 
di~ = O.437mm, 

I. = O.565A, lAV = O.053m. 

p 3 2 1 
N 57 58 57 
t 0.670 0.447 0.231 
d 0.450 0.355 0.180 
do 0.414 0.222 
roc 0.225 0.873 
FR 1.144 1.002 
rAC 0.223 0.257 0.875 
Pw 0.430 0.505 1.688 
i 0.08 0.06 
H 1.728 0.948 0.282 

Non-Ideal Design Versions of 
Strip or Foil Windings 
Here, the required reduction in height Is 
obtained by using thinner conductor. 

1. Note, for the coil former, bw and LAV, and 
for the Ideal design, N, Ie, hiD (before 
rounding), h. i, rAC. H. and Pw. Set out a 
table in the form shown below. 

2. For h, take the next available size below 
that used In the last design, and select a 
suitable interleaving. thickness i. 

3. Resistance factor FR = 1 + (1/3)(h/hIO)4. 

4. Resistance per meter length of conduc
tor 
rAC = FR/(45bwh). 

5. Winding loss Pw = CI~NIAvrAC' 

8. Required height H - N(h + i). 
For each successive version, repeat from 
Step 2 onward. 
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Example of a table of design versions of strip 
conductor: 

&u:ondary: Sandwiched, C = 2, N = 4, 
bw = 13mm, hiD = O.222mm, 

I. = 8.05A, lAV = O.053m. 

h 0.2 0.15 0.1 0.073 
i 0.1 0.06 0.06 0.04 
FR 1.069 1.014 1.004 
rAC 0.0104 0.0122 0.0173 0.0235 
Pw 0.286 0.335 0.475 0.646 
H 1.20 0.84 0.64 0.452 

Alternative Winding Designs 
With Reduced Height 
It is difficult to predict the value of ns. that is. 
the best starting point for the following proce
dure when the loss margin is positive. 

- If PIO > 1. use the procedure for Non·ldeal 
Design Versions. but divide t (Step 3) and 
roc (Step 4) by ns. 

- For a sandwiched winding, if PIO';;;; 1 and 
p - 1, use the procedure for single- and 
half-layer winding. again dividing t (Step 1) 
and roc (Step 2) by ns. 

Bunched wire: use the procedure for Ideal 
Multiple Wire Windings as follows: 

-If PIO > 1. commence with Step 4b and 
continue with values of p > PIO. 

- For a sandwiched winding. if PlD';;;; 1 and 
p - 1, use the procedure for Single-Layer 
and Half-Layer Bunched Wire Bindings 
with p = 0.5. 

Utz-wire: use the appropriate procedure with 
lower values of p. 

Having collected several versions of. prefera
bly, all power windings. follow the procedure 
in the next section. 

Accommodation Procedure 
This procedure seeks combinations of design 
versions that fit into the available winding 
height, together with their total winding loss. 

1. Calculate. for all versions of the primary. 
the maximum permissible secondary 
height, as shown In the table below. 

H2MAX - HA - HI' 

Note. also, primary dissipation Pw I of 
all versions. 

2. Select, for each primary versicn. the sec
ondary that most nearly fills H2MAX and 
note Its dissipation Pw2. 

3. Calculate the remaining free height 

HR - H2MAX - H2 
and total winding loss 
Pw = PWI + PW2· 

4. Select the combination having the lowest 
value of Pw. 
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Table 1 illustrates the accommodation proce· 
dure for a transformer with two pow8r wind
Ings. The same principles apply for transform
ers with more power windings. even though 
the number of cOmbinations is greater. Much 
labor might be saved if design versions with 
excessive loss per mm of winding height are 
not considered. 

Since the maximum permissible winding loss 
Is 1.23W, the 2-layer primary combined with 
the secondary using 0.1 mm strip results in a 
satisfactory design. There is no need to 
consider the secondary using 0.15mm strip. 
although the excess height of 0.02mm (C = 2) 
could perhaps, be accommodated by careful 
manufacture. 

NOTE: 
The example is for a split/sandwiched winding 
configurallon (C - 2), so that winding heights are for 
one portion of each winding. 

PHASE V: 
FINALIZING THE DESIGN 
In order to prepare the transformer design for 
production. four further steps are necessary. 

1. Check that the design route followed was 
the correct one, and that no errors have 
crept in. Moreover. ensure that the correct 
value of winding-configuration factor C was 
used throughout. 

2. Make a dimensioned sketch of a cross
section through the windings in the winding 
windOW. Calculate the conductor lengths 
required for each winding. using the actual 
average tum lengths. For wire windings, 
check that Nl tums of the wire selected will 
fit Into the winding breadth, that Is. that 
bw > (Nt + 1)tMIN' 

3. Prior to prototype evaluation. make a final 
estimate of the transformer temperature 
rise using winding losses recalculated from 
the actual winding lengths obtained in the 
previous step. 

4. In preparation for manufacture. collect all 
required information about cora and coil 
former, windings and interleavings. screens 
and their interleavings, Interwlnding Insula
tion, and terminations. Specify winding 
pitches for wire windings: windings are 
generally not close-packed since all layers 
should be of equal breadth. 

This concludes the practical design proce
dures. The following sections contain supple
mentary information only. 

BACKGROUND 
The essentisl difference between a designer 
and a computer Is creative thlnklng. Thus, a 
true designer will find no lasting satisfacticn in 
following design procedures that resemble 
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Table 1. illustrating the Accommodation Procedure for 
HA = 1.778mm and Pw MAX = 1.23W 

Primary versions p, 
(split, single wire) Pw dw) 

H,(mm). 

Height avsilable 
for secondary H2 MAX 

Secondary versions H2 (mm) 
(sandwiched, strip) h (mm) 

Pw 2 (W) 

Remaining height HR (mm) 

Total winding loss Pw (W) 

computer flow charts: he cannot help asking 
why the procedures are as they are, and how 
they can be extended to solve related prob
lems. This section seeks to answer these and 
other questions with a view, too, to avoiding 
mistakes due to misinterpretation of the in
structions. It is mainly qualitative in nature: 
mathematics have been reduced to a mini
mum, and higher-order effects, although in
cluded in the formulae behind the design 
aids, are generally not discussed. 

EDDY-CURRENT EFFECTS IN 
WINDINGS 

Transformer Magnetics 
The main flux that couples primary and sec
ondary windings Is core-bound. 

Since primary and secondary ampere turns oppose, 
the instantaneoua value of the mutual flux Is deter
mined by the Instanteneous difference between 
them. The magnetizing flux Is proportional to the 
Induced mml per tum. In an ideallransformer (zero 
core reiuctence and zero winding resistance) with a 
short-circuited secondary, the induced mml and, 
thus, the magnetizing Ilux are both zero. 

Flux also crosses the winding space. This flux 
is not common to all windings, and not even 
to all turns in the same winding, and is, 
therefore, known as leakage flux. 

Figure 3a shows the leakage flux paths in a Simple, 
ideal, short-circuited transformer (with no main Ilux). 
Within the winding space, primary and secondary 
leakage Ilux lie in the seme direction. Since they 
mutually repel, they are in perellel with the Interlace 
between primary and secondary; that Is, In parallel 
with the layers II the windings are on top of each 
other. Thus, in order not to jeopardize this perallel
Ism, only oompleta layers 01 equal breadth will be 
considered. 

The leakage flux-density is maximum at the 
interface between primary and secondary, 
Figure 3b. On both sides of this maximum, the 
flux-density falls roughly lineariy to zero over 
the height of the winding. 
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3 2 1 
0.430 0.505 1.688 
1.728 0.948 0.282 

0.050 0.830 1.496 

0.84 0.64 1.20 
0.15 0.1 0.20 
0.335 0.475 0.286 

-0.01 0.19 0.296 

0.840 0.980 1.974 

Consider a Ilux path crossing the winding window at 
a distance X Irom the wall of the coil lormer. Figure 
3a. Assuming that the current density over the 
height 01 the primary is constant. 

B x 
!I-ds=NI-

IlO H, 
where B is the flux-densily, s is the distance along 
the flux path, and Nlx/H, Is the number of ampere
turns enclosed. The Ileld strength is nagliglble in the 
(high-permeability) core, and is assumed constant 
over the winding breadth, so that the leakage Ilux
density 

N x 
B-IlOX-XIX-

b H, 
where b Is the Ilux-path length outside core material. 
Figure 3b shows how B varies over the height of the 
wound area. There is a good case for arguing that, II 
bw is smaller than the width 01 the winding window 
(perhaps due to creepage allowance), b should be 
taken equal to bw. Note that leakage Ilux Is not due 
to Imperfect core matarial, but is an Intrinsic properly 
of a winding. 

The leakage flux through the windings gives 
rise to eddy currents in the conductors. 

In a transformer of normal construction, the leakage 
flux lies parallel to the layers 01 the winding and 
roughly normal to the turns. 

Note that the leakage flux-density varies from layer 
to layer. In any given layer (e.g., at height X In Figura 
3a) the leakage lIux-density Is proportional to the 
sum 01 the ampere-turns in that layer and the 
ampere-turns in the layers between that layer and 
the nearest point 01 zero flux-density. 

The average leakage flux-density and, thus, 
the eddy,current losses, can be reduced by 
suitably mixing primary and secondary wind-
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ings. One result of this process is the split! 
sandwiched configuration of Figure 4b. 

Figure 4a again shows the leakage-llux distribution 
01 a basic translormer winding arrangement. In 
Figura 4b, the primary winding is splH into halves, 
with the secondary sandwiched between them. This 
halves the peak Ilux-density. 

To make this construction pOSSible, the split winding 
must have an even number of turns, and an even 
total number of layers. The sandwiched winding, 
although physically one unH, can also be regarded 
as consisting of two portions; Its leakage flux distri
bution is shown in more detail so that it can be seen 
that H may have an odd number of layers. 
Then. each portion contains a 'hall' layer: a layer 
having hall the height of a normal layer. Simila~y, a 
portion 01 a sandwiched winding may contain a 'hall' 
IlJrn if the 'hall' layer has an odd number of turns. 

Due to the symmetry of the split! sandwiched 
configuration, only one portion of each wind
ing need be considered in calculating the 
eddy-current effects. 

The splilling-and-sandwiching process could, 01 
course, be repeated to lurther reduce eddy-current 
loss. However, this quickly becomes unpractical: 
each interface between primary and secondary 
portions requires extra insulation, usually including 
screens to reduce radio frequency interference. 
Their presence reduces the space (copper) factor 
attainable in the winding window, eventually to such 
a degree that any improvement is either lost or not 
worth the extra complication. 

A distinction can thus be made between 

• simple windings, as In Figure 4a 
• spilt windings, such as the primary in 

Figure 4b. 

• sandwiched windings, such as the 
secondary In Figure 4b. 

The design process described in this section 
deals exclusively with winding portions: 

• a complete simple winding 

• one half of a split winding 

• one half of a sandwiched winding. 

In the split/sandwiched winding conflgurallon, the 
number of turns in a winding portion Is hall that In 
the complete primary or secondary. 

Penetration of an 
Electromagnetic Wave Into a 
Conductor 
Eddy currents are induced in a conductor 
exposed to an electromagnetic wave. They 
oppose the penetration of the wave and, in 

• 
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~-- ------------------ B 

B. Leakage Flux Paths In an 
Idealized, Short Circuited 
(to Main Flux) Transformer b. Flux-Density Distribution 

Figure 3 

NOTE: 

(B) ..-------,1 
PRIMARY/2 

I)(UBBBB)(jU 
I (j 
I SECONDARy ( j 
i (' 
I {j 

PRlMARY/2 

Either side of the secondary is to halve the peak leakage flux and, consequently, the eddy currents. 

Figure 4. The Effect of Splitting a Transformer Primary Into Two Portions 

resistive conductors. transform electromag
netic energy into heat. 

Let plane x - 0 be the surface of a conductor of 
infinite depth. The electric and magnetic fields of a 
plane electromagnetic wave propagating in the non
conducting semi-space above the conductor, and 
incident perpendicularly upon it, are tangential to the 
surface and mutually perpendicular. If the positive x 
axis is into the conductor, the penetrating wave can 
be described by 

Constants A and 4> (pert of the incident energy is 
reflected from the surface) are not of interest here. 
The amplitude of the wave decays within the con
ductor as c-x/I>., where A depends on the properties 
of the conductor and the frequency of the wave. 

At a depth x = ..:l. the amplitude of the wave 
has decreased to lie of its value at the 
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surface and the phase is delayed one radian. 
At a depth equal to a small multiple of .:1, there 
is no field in the bulk of the conductor and, 
consequently, no induced current. 
At x = 211" A, where the phase delay is just 211" radian, 
the field strengths decay to the negligible value 
e- 2< - 0.0019. This is at a depth of one wavelength 
of the penetrating wave. 

Skin Effect 
A straight, isolated, round wire carrying alter
nating current generates a concentric, circular 
magnetic field: both in the wire itself and in the 
surrounding space. 

Isolated in this context means that there are ne"her 
other conductors nor magnetic fields in the vicinity 
of the wire. The low frequency field distribution 
under these circumstances is shown in Figure 5. 
The field is tangential to the surface of the wire. 
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This field induces eddy currents that oppose its 
penetration, enhancing the current flow near 
the surface and reducing it near the center of 
the wire as shown in Figure 6. 

The net current flow remains the same, but the 
current density is nonuniform. This effect increases 
with wire diameter and frequency. The magnetic 
field within the wire is also redistributed. 

As was the case with the penetrating electro
magnetic wave, there is a tendency for cur
rent to flow only near to the surface of the 
wire: the skin effect. 

Figure 7 shows the current distribution carrying the 
same alternating current at various frequencies. As 
frequency increases, A decreases and d/ A in
creases. 

This current redistribution results in the AC 
resistance of the wire being greater than its 
DC resistance. 

The voltage is constant over any cross-section of 
the wire normal to its axis since there can be no 
radial current flow. In general, the voltage across a 
length of the wire is the sum of resistive and induced 
voltage drops. With a relatively thick wire (c/ A>I), 
the voltage drop near the centre is mainly induced 
by the eddy currents, whereas, near the surface. 
where the current density is high, the voltage drop is 
mainly resistive. 

If the wire is replaced by a tube of the same 
material and diameter, such that the tube has 
the same DC resistance as the wire of AC, its 
wall thickness will be equal to .:1, provided 
that the curvature of the surface is negligible 
(d>.:1). For this reason, .:1 is known as the 
(equivalent) skin thickness. 

The term "penetration depth" is oiten used for A, 
but some authorities prefer this term for the wave
length (211" A) of the penetrating wave discussed 
above. The (uniform) current density in the equiva
lent tube is equal to that at the surface of the wire it 
replaces. The ratio of AC resistance to DC resis
tance due to skin effect can be deduced from the 
relatiVe cross-sectional areas of wire and tube: 

FR ~ ~, (~> I, in practice 
4.:1 .:1 

FR ~ Y4 ( ~ + 1 ) if ~ ~ 5 ). 

The AC resistance perimeter length of wire is 
proportional to d -', although the DC resistance is 
proportional to cr2. 

Skin thickness .:1 depends on conductor ma
terial and frequency: 
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The current redistribution establishes an equilibrium 
between inductive and resistive voltage drops. In
creesing the frequency does not alter the flux
density at the surfaos because the current remains 
oonstant but does osuse an increase in the induosd 
voltage which results In a smaller skin thickness 
and, thus, a higher current density. This, in turn 
results in a higher resistive voltage drop which 
opposes the concentration of current at the surfaos. 
A new equilibrium is achieved at a skin thickness 
proportional to t/v'!. Similar reasoning can be 
established lor the effect ofllA and p. 

The skin thickness itself is independent of the 
current carried by the wire. Because the wire 
is is immersed in its own field, there is a fixed 
relationship between average current density 
and magnetic flux-density. 

Proximity Effect 
A different class of eddy currents is found in 
wire exposed to an external alternating mag
netic field normal to the axis of the wire. In 
that case, eddy-current flow In opposite sides 
of the wire is in opposite directions, figure B. 

Eddy-current flow Is confined to a skin below the 
conductor surfaces that are tangential to the exter
nel field. No net current flow is assumed In the wire. 
To avoid the complications of a curved surfaos, a 
rectangular conductor is shown in Figure 8. 

The situation resembles that of a turn in a 
winding exposed to leakage flux. 

The essential dilferenca is that the tum carries an 
altarnating current, and that the leakage flux-densily 
Is proportional to this current. The relaticnship 
between current and leskage flux is nottha seme all 
over the winding, but depends on the position of the 
layer which contains the turn under consideretlon. 

. Because the leakage flux to which the turn is 
exposed originates from other turns in prox
imity to it, the eddy-current phenomenon Is 
known as the proximity effect in this case. 

Figure 9a represents a section through a few turns 
In a layer wilh the concentric magnetic flux paths 
associated wRh an isolated wire. Between the turns, 
however, Individual flux lines, which are roughly 
perpendicular to the layer, oppose and so tend to 
cancel. The resuH is the flux pattem of Figure 9b. 
Such flux patterns from a number of layers result In 
the flux distribution of Figures 3 and 4. The differ
enca between the two types of eddy-current effect is 
now evident. 

SkIn eflect: tandency for the current to flow near the 
conductor surfaos, no current reversel and thus no 
Increase In current flow. Proximity effect there are 
two sldn reelons below the surfaces tangsntialto the 
magnatic field; besides the tendency for the main 
current to flow In the sldn reeion where the magnatic 
field is highest the skin regions carry oppos"e eddy 
currents that Increase the effective current flow. 

The leakage flux-density varies from layer to 
layer, but is constant over the breadth of each 
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NOTE: 
X 18 the dlatance from the center of the conductor. 
and r Is tho ooncIu_ radius. 

Figure 5. Low-Frequency Distribution 
of Flux Deneity B About a Round 

Current-Cerrylng Conductor . 

-FLUX 

Figure 8_ The Magnetic Field Generated 
by en AC CUrrent In a Wire Indu_ 
CUrrenta In the WIre that Oppose Ita 

Own Penetration 

layer (Figures 3 and 4). The proximity effect Is 
greatest in the layers at both sides of the 
interface between primary and sacondary, 
where the leakage flux-density Is sreatest. 

The simplest case Is that of a strip or loll winding, 
where each layer has only one tum. The number of 
layers (and tums) Is thus known at the start of the 
design' process. 

Figure 10, which is based on normalized conductor 
height ohows the relattonship Iiatweon proximity 
effect and leakage lIux-density. 
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Figure 7_ Current Distribution In a 
Wire Carrying Constant AC at 

Varloua Frequencies 

The proximity effect ina wire winding de
pends not only on wire diameter, but also on 
the layer space (copper) factor. 

The main geometrical paremeters of a turn in a wire 
winding are wire diameter d and winding p"ch t 01 
course, t .. do. 

A useful simpiHicaticn is to ragard a round wire as a 
square wire of equal cross section and, thus, equal 
current density, Figure 11. Then, h ~ dv'f,Wij '" 
0.886<1. Extandtng this model allows a layer to be 
regarded as a strip of thickness h and layer space 
(copper) factor Ft - hit carrying a current Nt times 
greatar than that in the wire. The leakage flux is the 
same as that of the wire-wound layer, but the current 
density is 11Ft times greater. 

The equivalent conductor height '" = hI Do 
for strip or foil windin S, and '" = (hI Do) 
vB - (dIDo) (F!41!r) '" 1.12B (dl Do)vB 
for windings of solid round wire. 

Comparison of h/.c1for strip with (hi A)YF! lor wire 
indicates that the skin depth in wire seems 
l/YF! times greatar than in strip. This can be 
understood by remembering that .c1 is proportional to 
vP and that increasing p or increasing the current 
density has the same effect on the resistive voltage 
drop on which the equilibrium depends. 

RESISTANCE 
Resistance Factor FR 
The increase in conductor resistance due to 
proximity effects can be expressed in terms 
of resistance factor FR: the ratio of AC 
resistance to DC resistance. 

• 
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EXTERNAL 
FIELD 

(----;--;--~ FIELD DUE 10 -<=i--P. EDDYCURRENTS CURRENTS ;' ---.. ---

\. . 0 0 I ---------,/ 

NOTE: 
A rectangular conductor Is shown for clarity. 

Figure 8. Eddy Currents Induced In a Conductor Exposed to 
an Alternating MagnetiC Field Normal to Ita Length 

The chart of Figure 12 gives FA as a function of 
equivalent conductor height "', with the number of 
layers p as a parameter. Inspection of these curves 
shows that there is a region where FA is proportional 
to ",. In multi-layer windings, this region commences 
when '" Is greater than about 3, but for single layer 
windings, when '" ~ 1. This is the region of skin 
conduction, where no current flows in the bulk of the 
conductor. The situation Is similar to that for skin 
effect when d! ~1, where FA Is proportional to d. 
The curve for p = 1 (eddy-current loss negligible 
when ", .. I, skin conduction when '" ~ 1) also 
represents the behavior of the first layer of a 
multilayer winding. The curve for p = 0.5 shows 
similar behavior, but at double the values of ",. In all 
layers of a multilayer winding except the first, eddy
current loss (proportional to FA -1) increases as "'4 
up to "''''2, and in proportion to '" above ",,,, 3. This 
is most clearly demonstrated by the curve for 
p - 10, but the effect is already evident In the curve 
for p - 1.5. Eddy-current losses In the higher layers 
evidently dominate the AC losses In the first layer, 
unless ",< 1. 

(B) 

NOTE: 
The concentric flux due to the winding current (a) 
cancels between turns so that the resultant flux 
lines are parallel to the layer (b). 

Figure 9. Four Tuma From a Layer 
of a Winding 

'The term "ideal" is used in preference to "opti
mum" since the former Implies desirability but not 
neccesarily feasibililly. A thickness other than hiD 
may have to be used due eHher to conductor or 
space avallabililly limitations. 
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This explains the difference that will become 
apparent later between single and half-layer 
windings, and multi-layer windings. 

It should be noted that eddy-current loss remains 
proportional to "'4 In the lower bend of the curves, 
below FA"'2. The bend is due to DC loss not being 
negligible compared to eddy-current loss In that 
region (see also Figure 2, mathematically 11 plot of 
FA - I, scale calibrated for FA). 

Figure 12 is most useful for determining the 
AC resistance of a winding of known geome
try. However, it is not a convenient basis for 
optimizing winding geometry itself. 

AC Resistance ·Per Meter 
Conductor Length r AC 
The AC resistance per meter conductor 

length is a useful quantity for comparing 
various versions of a given winding design_ 

Winding loss is proportional to winding resistance 
RAC = N!AVrAC. In a given design problem, the 
number of tums and coil former dimensions are 
known. Conductor length NRAV Is only slightiy Influ
enced by the number of layers or the conductor size. 
Thus, achievement of the design goal-the winding 
geometry for minimum loss - can be reduced to the 
achievement of minimum rAC. 

Windings of Strip or Foil 
Conductor 
The geometry of windings of full-width strip or 
foil conductor is completely established once 
strip thickness h is known.· 

Strip breadth is,.bw, and the number of layers is 
equal to the number of turns In the winding portion. 
These are all set by the boundary conditions, so that 
the only parameter remaining to be determined is 
thickness. 
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Since r AC is proportional to FR/.,." its value 
can be derived from Dowell's chart, Figure 

12. 

p P FR 
rAC·rOcFR=-- FR=--·-

bwh bwA.,., 

thus 

bwA FR 
rAC----

p .,., 

(since .,., = hI A) 

Therefore, n is sufficient to plot FA!'" against '" as in 
Figure 13. There, the straight, dashed line labelled 
FA - 1 represents roc. Since roc is proportional to 
",-', its slope is-I. 

Each curve in Figure 13 has a minimum, 
mar1<ed by a dot. Each minimum occurs at the 

normalized, ideal· strip thickness hlol A and 
the lowest possible value of rAcbwA/.,., from 

which the value of r AC 10 can be calculated. 

As, for given A, strip thickness increases beyond 
hiD, eddy-current loss increases more quickly than 
DC loss decreases. Note that hiD is indepandent of 
winding current because leakage flux-density is 
proportional to current densilly. 

All minima in Figure 13 lie close to the straight 

line FR - 4/3, although some deviation can 
be seen at low values of N. 

In the practical design procedure, hiD Is found 
assuming this straight line, but a correction factor CN 
has been added for the deviation that occurs when 
N < 5. Since, usually, hoFhlD, the approximation 
FA a 1 + (l'3)(h!hID)4 Is Included in the design pro
cedure to give the AC rasistance. 

Foil or strip conductor is only recommended 

for sandwiched windings, not for split or even 
simple windings. 

There Is no guarantee that current distribution Is 
uniform over the breadth of a strip. In faet, there Is a 
tendency for current density to be higher near the 
edges of a strip when Ll.=<v'lIiWhi' which is invari
ably the case. Non-unWorm current density cannot 
occur when the leakage flux is truly parellel to the 
layers, so advantage should be taken of the repul
sive. forces between the leakage flux of primary and 
secondary. Sandwiching a strip winding between 
two portions of a wire winding, whose current 
density must be uniform over the layer breadth, 
ensures that there are strong repulsive forces on 
both sides of the strip winding, where leakage flux
densilly is maximum. 
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Figure 10. The Proximity Effect In a Winding of 5 Layere. Effective Conductor Heights are 'P = 0.59 (Left), 'P = 2 (Center) and 
'P = 8 (Right). Sections Through the Ends of the Layers of the Winding are Shown, Hatched. The Layers are of Strip 

Conductor, but Could Also be NI Turns of Rectangular Wire. The Current Density DI8trlbution 18 Plotted In (a). The Full Line 
18 the Amplitude, the Broken Line the Real Part, and the Dotted Line the Imaginary Part. The L08888 are Plotted In (b). The 

Lo .. Distribution (Solid Line) 18 Proportional to the Square of the Current Density Amplitude. The Broken Line Shows the 
Average Lo .. In Each Layer, and the Dotted Line the Average Loas In the Complete Winding. Since the Scale Calibration Is 
Multiples of the DC Loss, the Dotted Line Shows the Value of FR. (c) Is the Leakage Flux Dlagrem, Obtained by Integration 

of the Current Density. Scsle Divisions are Layer Current; Une Types are a8 In (a) 

Wire Windings: Winding 
Breadth·To·Turns Ratio T 
The AC resistance per meter length of wire 
r AC can be derived from a plot of FRI <P2 
against 'P, Figure 14. 

For rectangular wire of breadth b (in the layer) and 
height h (normal to the layer) 

1O-.!'.0 
4 t 

For round wire of diameter d 

• .!. (~~)3/2 
4 t 4 

so that, for a given ratio tid, 

4"t 4"t~ /4 
FR/~=rAC --rAC -V: 

ph pel " 

is proportional to rAC. 
Here, roc <X 10-2 so that the line FR - 1 has a slope 
of -2. Whereas Figure 13 gave the solution of the 
design of a strip winding, where the number of layers 
and conductor breadth were known, the plot of 
Figure 14 does not contain the solution for wire 
windings. The number of layers is still not known. 

February 1 987 

The winding breadth is introduced in the form 
of the winding breadth-to-turns ratio 
T=bw/N. 

Physically, T is the winding pitch in a single-layer 
winding containing all N tums. Nota thet at the 
interlace between primary and secondary, the leak
age flux-density B = j./QI/T and also that T Is known 
at the start of the design process. 

Since t - pT, for a rectangular wire 

1O . .!'.v1 
4 pT 

and for round wire 

1O=(~)3/4 x~~. 
4 4 pT 

Close-Packed Windings of Round Wire 
For close-packed windings, r ACeh p can be 
plotted against T I~, Figure 15; this gives 
better access to the design problem • 

In close-packed wire windings t - do, so the layer 
spece (coppar) factor depends on the ratio dIdo for 
the wire. This ratio is not constant standard-wire 
tables show that dIdo is smallest for fine wire, but 
the rate of chenge is rather low. If Figure 14 were 
replotted to give rAC421 P againstt, the calibration of 
the axes would, of course, change, but the shepe of 
the curves would hardly be affected because the 
rate of change of dlt is so low. In order to replace t 
by T, the values for each of the curves must be 
divided by p, since T = tip. This shills every curve 
horizontally a distance -log p. 

The introduction of T is an important step 
forward: knowing T I~, it is possible to read 
the lowest possible value of rAcA21 p, the 
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optimum number of layers, and, finally, from 
do = t = pT, the optimum wire size can be 
determined. 

In order to plot Figure 15, values of dIdo and its 
variation with wire size were estimated. So, although 
the plot of Figure 15 is adequata for illustrating the 
theory, its accuracy is not sufficient for practical 
design purposes. 

Spaced Windings of Round Wire 
Windings are also possible with a pitch great
er than the overall wire diameter: spaced 
windings. This introduces an additional de
gree of freedom that can be exploited to 
achieve a further reduction in AC resistance. 
This is illustrated by the plot of Figure 16. 

The solid curves in Figure 16 are for close-packed 
windings (t = do), as in Figure 15. The dash-dot 
curves are for windings of two layers, in which 
t > do. These show that there is a range of T 14 
where spacing results in lower values of r AC. Howev~ 
er, spacing should not be excessive: better perfor
mance is always possible n a smaller number of 
layers can be used. 

The straight dashed lines in Figure 16 are a further 
addition: they show that apacing displaces the 
curves so that similar points lie on a line of slope 
- '!'so They also show that the curves for p "1 are 
so steep that spacing brings no improvement. 

In effect, spacing allows designs intermediate be· 
tween closs-packed versions. 

I 
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Figure 15. Plot of r./lCA2/p Versus T/A 

With P as a Paremeter for 
Close-Packed Wire Windings 

The Basic Solution of the 
Design Problem 
Sufficient information is now available to 
make a plot that ef/actively solves the design 
problem. This is given as Figure 17. 

Figure 17a differs from Figure 14 in that spaced 
windings are included where they give lower loss. 
Furthermore, those parts 01 the curves for close
packed windings that are not useful for design 
purposes have been suppressed. 

The full lines apply to optimum designs with an 
integral number 01 layers. The broken lines apply to 
optimum designs wKh a haW layer (except In the plot 
of winding height, these oilen coincide wKh the full· 
line curves). The dolled lines are for non.optimum, 
close-packed windings. 

There it can be seen that, If T I A Is known, the 
optimum design Is completely determined. 
Further Inspection reveals that: 
• for TIll greater than about 2, the 

optimum design is a single-layer winding 
but, in sandwiched designs, when TIll 
is greater than about 6, the optimum is 
a half·layer winding 

• for T I A less .than about 2, the optimum 
design has more than one layer. 

Both the full and the broken lines for p > 1 
show that the resistance minima occur gener
ally for spaced windings so that it is important 
to include in the manufacturing instructions a 
specific statement that windings should not 
be close packed. The curves for p <; 1 have a 
slope of about -I, indicating that FR"'of'l, so 
that they belong to the region of skin conduc· 
tion. Moreover, they are, in principle, close
packed windings. It is clear that multilayer 
(p > 1) windings and those with p <; 1 will 
require different design methods. 

Multilayer Windings (p > 1) 
The full lines In the chart for rAcA21 P and dl 
A, Figure 17, consist of several sections, 
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each for a particular value of p. Together, for 
p > 1, they form nearly straight lines. 

The Ideal values of d and r~ are. thus, generally 
independent of p. There is only a slight deviation for 
the lower values of p: ~ can be seen that the lines 
for p - 1.5 do not coincide w~ those for p - 2. 

The resistance factor for optimum or ideal 
designs FR 10 9!! 1.5, which means that the 
eddy current loss is half the frequency-inde
pendent resistive loss, also called DC loss. 

The slope of the straight lines indicates that 
r~ IDCX(T/d)-2/3 and dID CX(T/d)1/3. Since 
roc"'d- 2, FA = r~/roc must be constant. 

If the actual wire diameter d deviates from the 
ideal diameter diD, the estimated resistance 
factor becomes 

FR=1+1t2(~)6 
diD 

This approximation, derived from the first two terms 
of the series expansion of Dowell's expression, is 
sufficiently accurate for values of FA '" 2. In an idesl 
winding, where d = diD, FA = 1.5. The expression is 
not valid In the region of skin conduction. 

To find the ideal wire diameter for windings 
having a large number of layers, the expres
sion d~/t..= 1.45 (T/t..)1/3 can be used. In a 
more practical form this expression reads 

( 
17.1bw )1/3 

d~ - --- where fe is in kHz. 
Nfe 

The ideal wire diameter for a practical wind
ing, diD, is then obtained using the correction 
factor Cp. 

This factor corrects for the effect of the small stepe 
between the line sections for practical numbers of 
layers. 

TIl> 
OP1M708 

Figure 16. Plot of rAct..2/p vs TIt.. Ex
tended for Spaced WIndings 
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Figure 17. Ballc Design Charts for 
Wire Windings 
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Using these expressions, ideal deSigns can 
be obtained by simple calculation. 

Once knowing dlO the winding geometry can be 
determined. After rounding diD to the nearest stan
dard wire size, do is known. Following the design 
rules in Ihe practical sections, the number of layers 
and the required height are easily found. Knowing 
roc of the selected wire, r~ can be estimated after 
calculation of FA. 

Single-Layer and Half-Layer WIndings 
This is the region where the procedures of 
the previous section lead to a number of 
layers p" 1. 

This definition is given because the criterion T I 
d > 2 is only an indication. 

First it is necessary to decide between strip 
and wire windings. 

Strip or foil windings are often preferable. 

For simple and split designs, it is known that 
p = 1. This is also the case in sandwiched 
designs if T / t.. is below about 6. Since 
windings should be close packed, geometry is 
fixed. 

The end of the curve for p -I at TIl)" - 51s not a 
theoretical limit; the curve can be extended. But d 
may be so great that a different form of conductor 
will probably be chosen. 

For sandwiched windings, a half-layer winding 
may be preferable, provided T / t.. is greater 
than about 6. 

That saves winding height without a loss penalty. In 
case of doubt (TIl)" e!5), a choice can be made after 
having wor1<ed out both alternatives. 

The remaining problem is the estimation of 
r AC. To solve that, calculate 

'P = ( ~ )3/4 X ~ y;;; 
4 t.. pT 

or, alternatively, 

'P - v' (O.124fed3/t) 

and read FR from the plot of FR versus 'P, 
Figure 2. 

Figure 2 gives the FA plot in a more suitable form 
than Figure 12. Do not use the expresSion for FA 
given In the previous section: H is not valid in the 
region of skin conduction. 

I 



Signetics Linear Products Application Note 

High-Frequency Ferrite Power Transformer and Choke Design AN1261 
Part 3 

Winding Height 

Ideal Designs 
In previous sections, methods were devel
oped for designing minimum-loss windings of 
both strip and wire conductors. In developing 
these methods, possible height restrictions 
have so far been ignored. 

By doing this, each winding could be treated sepa
rately, the design of a primary was not influenced by 
the secondary, and vice versa. 

Such designs, not affected by a height restric
tion, are called ideal designs. 

Similarly, terms such as ideal windings, Ideal number 
of layers, ideal conductor size, etc., are also used. 

It is, of course, necessary to check whether 
the situation is ideal: that the height of the 
winding window does not impose a height 
restriction on the windings. 

The height of a winding (portion) Is calculated 
from: 
for strip windings, H - N (h + i) 
for wire windings, H = P (do + i). 
For the available winding height (the height 
available for all power-Iransferring windings), see 
the section on "Given Boundary Conditions". 

Non-Ideal Design Versions 
In strip windings the only way to reduce 
winding height is to use thinner strip. 

Various non-ideal deSign versions are found by 
repeatedly stepping to a smaller available strip 
thickness. The AC resistance is found from the 
expression for FA. 

In wire windings, a smaller winding height is 
obtained by reducing p. This leads to reduced 
pitch (t = pT) and thus, also, to reduced wire 
size (do';;;; t), so that d < diD. To reduce the 
difference between d and diD as far as 
possible, a non-ideal wire winding should be 
close-packed using the thickest possible wire 
for the number of layers and winding breadth. 
The AC resistance can be estimated by 
means of the expression for FR. 

Several non-ideal deSign versions are found by 
repeatedly stepping to a lower number of layers. 

Thus, non-ideal as well as ideal design ver
sions can be found. Although these non-ideal 
design versions have smaller winding height 
than the ideal design, they also have higher 
loss. 

'The thermal resistances In the published data can 
be reduced by potting the transformers. ~ this Is to 
be done, ~ might be possible to eliminate the 
creepage distance, so Increesing winding breadth. 
The 108. In each winding can ba estimated as 
Pw • liNLAVr AC 
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IMPORTANT 
There is no justification for using conductor 
sizes in excess of the ideal size (apart from 
rounding a calculated ideal size to the avail
able size). Reduction of current density is a 
false motive. The extra conductor material 
has only an adverse effect. 

Accommodation 
Once a few design versions (the ideal design 
and one or more non-ideal versions) of the 
primary and secondary have been collected, 
selection of the most suitable combination is 
made by an accommodation procedure. 

The accommodation procedure is given in detail and 
comprises the following basic steps: 

• List the design versions obtained, the height they 
require and their losses 

• Make combinations of primary and secondary 
designs having a total height not exceeding the 
availsble height, and note the winding loss of each 

• Finally, select the lowest-loss combination. 

Demagnetizing and control windings are usually 
designed for minimum height rather than minimum 
loss, since they do not take part in power transfer. 
Their height Is taken into account in determining the 
height available for the power windings. 

Design Evaluation 
A design attempt is successful if the trans
former does not run hot. 

Final evaluation is, of course, experimental. Unnec
essary experimentation can, however, be avoided H 
the estimeted losses are first compered with the 
estimated permissible loss. 

The permissible loss is estimated from the permissi
ble temperature rise and the thermal resistance 
given in the data for the core selected'. Core loss 
was estimated in the process of core selection and 
determination of the number of primary and second
ary turns. 

Current densities much higher than are usual in low
frequency transformers may well be acceptable. As 
has been mentioned, conductors in excess of the 
ideal aize make matters even worse. 

If a design attempt fails, H is advisable to first 
review the chosen boundary conditions. this 
would not invalidate the results of the core 
selection procedure. 

An improvement may be obtained by using split! 
sandwiched rather than simple windings. These 
tend to lower rAe, thicker conductors and increased 
height. A different conductor form might also be 
considered. 
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A new start, including the core selection 
procedure, is required if the given boundary 
conditions have to be altered. 

It may be possible to use same core size H switching 
frequency is increased. This leads to fewer turns, of 
thicker conductors and, thus, lower winding loss. 

To avoid fruitless effort, the practical design 
process is so organized that an initial design 
evaluation Is made as soon as suitable ideal 
designs and their losses have been deter
mined. 

Winding height can be reduced wHh the pena~ of 
increased loss and vice versa (by using bunched 
wire, for example) but this will not help H the ideal 
design has neHher loss nor height reserve. 

Some Notes 

Multiple-Output Transformers 
Figure 18 shows a possible winding arrange
ment and leakage flux density distribution for 
a multiple output transformer. 

In both primary and secondary 2, the flux-dens~ 
varies from zero to a maximum, so these can be 
designed using the present methods. That is not 
possible for secondary 1 because ~ leakage flux 
distribution does not agree wHh the assumptions. 
The ratio of leakage flux-denMy to number of turns 
Is much higher than has been assumed so far. 

The ideal wire diameter for an infinHe number 
of layers d~ in the winding exposed to the 
higher leakage flux is calculated as normal, 
but the layer correction factor becomes 

where {} is the ratio of minimum to maximum 
leakage field over the height of the winding. 

In secondary 1 of Figure 18, {J - (NSEC 2 ISEC iJl 
(NpAIMlpAIW, The factor Cp Is always less than unity 
and decreases with increasing {J. The higher leak
age field is compensated for by using thinner wire. 
As is usual ({J = 0) for wire windings, FA 10'" 1.5: the 
formula for FA still applies. 

Similarly, for strip conductor, 

C - { (1_{})3)1/4 J 
N 1_{}3 

As normal ({J = 0) for strip windings, FA 10 '" 41 
3. 

To obtain lowest total winding loss, the layout 
of the secondary windings (2 or more) in the 
winding window must be considered carefully. 
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SECONDARY' I _______ _ 

SCREENS 

Figure 18. An Example of a Multlple-Output Transformer With Corresponding 
Leakage Flux Diagram 

""" ... 
Figure 19. Push·Pull Transformer 

WIndings Divided to Define 
Conduction Periods 

e Secondaries of the same conductor 
type, either wire or strip: exposing the 
winding carrying the smallest current, 
that Is, the one using the thinnest 
conductor, to the highest leakage field 
will result in lowest loss. Remember 
that the eddy current loss increases in 
proportion to 01'. 

e Secondaries of different conductor type 
(wire or strip): the optimum arrangement 
is not easy to predict. Work out the 
possible layouts and select for lowest 
total loss. 

Push·Pull Transformers 
In push-pull transformers, Figure 19, not all 
windings carry current at the same time. 

The operation of a push-pull converter is explained 
in Part , of this series of publications. Here it is 
sufficient to split up one converter operating period 
into 

• Interval a: N'A and N2A are conducting, other 
windings carry no current. During this interval the 
current waveforms in N1A and N2A are the same . 

• Interval b: N'B and N2B are conducting. 
• Interval c, oocurring twica per period: N'A and N'B 

are nonconducting, N2A and N2B carry equal and 
opposHe flywheel currents about half as great as 
the secondary currents during intervals a and b 
(magnetizing current neglected). The closer inter
vals a and b approach a half period (at full load) 
the shorter this interval will be. Whether or not the 
flywheel current pulses have an influence on 
winding design depends on the winding arrange
ment 

Bifilar windings are otlen used to achieve 
close coupling between winding halves. 

Figure 20 shows a cross-section through the wind
ings and the leakage flux diagrams during the three 
intervals. 

If wire windings are used the flywheel currents 
during interval c cancel (higher order effects ne
glected). That is not quite 80 if 'bifilar' strip windings 
are used (two full-breadth sbips and interieavings 
wound simultaneously). The peak flux-density Is 
then about ,/(2N21 times that during intervals a or b. 
Sines the eddy-current loss Is proportional to the 
square of frequency and flux-density, the eddy
current loss In interval c may be negligible if the half
secondaries have at least a few turns. It might not 
be possible to ignore the conbibution of the flywheel 
currents to the DC loss unless interval c is very 
short. 

fZ------~------!----!----- -- ---- --- ---------- -- ---- --- ------ -

--- --- --
B B B B 

INT1!RVAL A INTERVAL B INTERVAL C INT1!RVAL C 
(WIRE (srRIP WWDlNGS) 

WINDINGS) lNoA ~ Noe ~ 3) 

......". 

FIgure 20. Cross-Sectlon Through the WIndings of s Blfllar-Wound Push·Pull 
Transformer Together With thB Leakage Flux Diagrams for the Conduction 

Intervals Deacrlbed In the Text 
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During Intervals Band b, eddy currents are 
generated in both the conducting and the 
non-conducting windings. 

Both windings of a pair are exposed to the same 
leakage flux and have about equal eddy-current 
loss. Only one of these has DC loss at a time. 

For minimum loss (ideal designs), the ratio of 
eddy-current loss to DC loss remains one half 
for wire windings and one third for strip 
windings. That requires thinner conductors 
than in non-bifilar windings having equal num
bers of turns, and winding pitch or strip 
breadth. 

For multilayer wire windings, the reduction is 
2 - 116 = 0.89 (one step in the wire teble), and for 
strip windings, 2 -'14 = 0.84. 

The reader can adapt the design procedures 
to cope with bifilar windings, as noted in the 
section "Phase II: Determine the Ideal Power 
Windings." 

Munilayer wire windings: 
- in step 1 multiply d~ by 0.89 
-In step 4 use 2IMIN in the expression for PID 

- in step 9 calculate the loss in a winding pair. 

Single-layer wire windings: 
- in step 2, use 2tMIN rather than IMIN 

- in step 6, calculate r AC = (2FR - ,)roc 
- in step 7, estimate the loss of a winding pair. 

Sbip or foil windings: 
- in step " multiply CN by 0.84 
- in step 5, estimate the loss of a winding pair. 

Bifllar windings are not possible if the wire 
insulation cannot safely withstand at least 
twice the peak voltage across a winding half. 

The transformer of Rgure 21 differs from the previ
ous one in that the primary winding halves do not 
share the same space. 

The leakage flux diagrams show an asymmetry. 
During interval a winding N, B, although not conduct
ing, is subjectsd to a high leakage flux and has 
about three times the eddy current loss of the 
conducting winding N'A, because the average of the 
RMS flux-density squared in N'A Is one third of that 
in N,B. In Interval b, however, N'A has no eddy
current loss. The primary winding halves thus have 
different AC resistance due to a difference in eddy
current loss by a factor of four. Moreover, the 
leakage Inductance is greater in N,A. The energy 
stored in the leakage field can be expressed as 
'hu2 or as 'hVB2/11o, where L is the leakage 
inductance and V the field volume (here proportional 
to the area of the flux diagram times the average 
tum length). 

By arranging the windings as in Figure 22, only a 
minor asymmetry due to different tum lengths re
mains and eddy-current loss In the non-conducling 
primary Is eliminated. In this arrangement the cou· 
piing between the primary winding halves will be 
less close and the stray capacitance across the 
secondaries, now situated between two screens, will 
be Increased. 

I 
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In Rgura 23, the secondaries are also divided: non
conducting windings are not exposed to leakage 
flux. Now eddy-current loss during interval c occurs 
in the secondaries. 

This indicates the effect of different current wave
forms in primaries and secondaries, which means 
thai their effective frequencies are different 

For split! sandwiched· configurations, similar 
considerations apply as indicated above for 
simple configurations. 

Here, also, leakage flux diagrams will be of great 
help In the analysis. The discussion in this Section 
clearly iIIustretes the general risk of overiooking 
important parameters in striving for an optimum in a 
perticular respect 

Flyback Transformers 
In a flyback transformer, current conduction 
in primary and secondary occurs alternately. 
When the primary conducts, there is no 
current in the secondary, and vice versa. Two 
different leakage flux-density diagrams are 
thus required, as In Figure 24. 

The flux diagrams shown do not pretend to be 
accurate. In drawing the full-line portions, tight 
coupling to the core and a leakage flux perallel to 
the layers were assumed. However, since the repul
sion between primary and secondary flux does not 
exist. the latter essumption is an idealization. The 
broken lines are speculative. 
It is therefore recommended that the outer winding 
has the thinner wire. 

The leakage flux generated by the current in 
the inner winding also induces eddy currents 
in the outer winding. 

As a practical guide, it is recommended that 
the outer winding be wound with a wire one 
size smaller than that calculated using the 
procedures given in this article. The estimat
ed winding loss will then probably prove 
slightly optimistic. 

Although the present design methods are not 
as accurate for flyback transformers as they 
are for fOlWSl"d and push-pull types, their use 
is helpful in preventing excessive eddy-cur
rent loss. 

Strip or foil windings: Since the leakage flux might 
not be truly parallel to the layers, we should not be 
surprised if the losses are higher than calculated. 
The currerri density near the edges of the conductor 
might be considerably higher than near the middle of 
the breadth. That effect is neariy Independent of the 
conductor thickness. The use of muRiple-wlre, 
bunched or Utz-wlre might be a better solution for 
low-voRage windings. 

Screens 
Eddy-current losses will also occur In the 
screens between primary and secondary. 

Screens are always situated in positions of maxi
mum flux-denslty. 
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Screens should not be thicker than neces
sary; there should be the minimum of overlap 
of the ends. Copper is not the most suitable 
material: a (non-magnetic) conductor of 
higher resistivity is preferable. 

Eddy-current loss is direcUy proportional to conduc
tivity, and proportional to the thickness cubed. Thus, 
screens should be as thin as possible (UL-1244 
specifies a minimum of 0.15mm). 

Although its low resistivity makes copper the natural 
choice for the winding conductor, tt is not the first 
choice for screens. Phosphor bronze CuSn8 has a 
resistivRy 10.9% of thet of copper at 2O'C and 
13.8% atlOO'C. The use of such a materiel reduces 
losses in proportion. 

Additional loss can be ceused by the capacitance of 
the overiap at the ends of the screen, which causes 
the screen to act as a shorted tum. This overlap 
should be as small as possible. 

CHOSEN BOUNDARY 
CONDITIONS 
Once the given boundary conditions have 
been established from the choice of core and 
numbers of primary and secondary turns, the 
designer can choose winding configuration 
and conductor type. 

Winding Configuration 
The designer can choose between: 
• Simple windings 

• SpIlt/sandwiched windings 

The lowsr losses of splRlsandwiched windings aris
ing from the halved peak leakage flux-denslty will be 
evaluated further, as will also the required winding 
height. 

In the split/sandwiched configuration, a wind
ing portion has half the number of turns of the 
complete primary or secondary winding. 
Hence the value of T - bw/N is doubled. 

Strip or Foil Windings 
The use of strip or foil windings Is only recom
mended for sandwiched windings. The following 
discussion Is given for completeness, because the 
route oi a design process cannot slways be predict
ed. 

Analysis of the design formula shows that for 
moderate values of N (where CN:!!1), halvi,!! 
N Increases hid by a factor of about "1/2. 
Since the total number of turns in the com
plete winding remains the same, sandwiching 
increases the height of the ideel winding by 
41%. 

The influence of the Interleaving is neglected. Be
sides the increase In required height, the extra 
winding interface with its Insulation and screening 
reduces the available height. 
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In the extreme case, whera N changes from 1 to 0.5, 
hiD doubles beesuse CtI also increases by a factor 
ofV2. 

FR 10 was shown to be about constant for all 
values of N. So the ideal winding resistance 
tends to decrease as 1/V2, a reduction of 
29%. 

For N - 0.5, rAC 10 Is half thaI for N - 1. 

A smaller improvement can be obtained 
where the sandwiched version must be non
ideal. 

Even if the simple version has to be non-ideal tt may 
occur that its sandwiched counterpert has a lowsr 
AC resistance. 

Wire Windings 
If, for a simple wire winding having at least 2 
layers, the ideal design is replaced by an, also 
ideal, split or sandwiched winding r AC will be 
improved by about 37%. The penalty is a 
considerable increase in required height. 

The actual Increase in height is not readily predict
able, since the number of layers may change (the 
effect of doubling T I <1 Is shown In Rgure 17). In 
many cases the split or sandwiched version will be 
non-Idesl, SO that the Improvement In resistance is 
smaller than 37%. The Improvement of a (non~deal) 
splH or sandwiched winding replacing a non-ideal 
simple winding also varies from case to case. 

The replacement of an ideal, simple, single
layer winding by an ideal, split or sandwiched 
winding must be considered separately. Dou
bling T / ~ (Figure 17) results in halving r />C, 10 • 
If the result is two single-layer portions, wire 
diameter will be doubled, and required height 
quadrupled. But, if the result is two half-layer 
portions, wire diameter and winding height 
remain the same. 

This will not often occur In practice, because strip or 
foil windings are generally preferable to single-layer 
windings. 

Conductor Form 
The designer can choose between solid 
round wire, strip or foil conductOr, multiple
wire, bunched-wire and Utz-wire. 

Strip or Foil Versus Solid 
Round Wire 
Strip or foil Is only recQmmended for sand
wiched windings. There Will seldom be more 
than 10 turns in a winding portion. 

Usually, Ihe totaJ winding may heve up to 20 tums 
with as many Intsrleavings In the (radial) heat-flow 
path. Depending on current denaRy, intsrnal over
heating may occur K the number of tums and 
interleavings Is unduly high. 

Strip or folf windings can be considered if T / 
~ ;> 2, as an alternative for single-layer or 
half-layer wire windings, far example. If 
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Figure 21. Cross-$ectlon Through the Windings of a Push-Pull 

Transformer With a Blfllar Secondary, Together With the Leakage Flux Diagrams 
for Two Conduction Intervals. Note the Asymmetry 

• 
INTERVAL A 

• 
INTERVAL. 

Figure 22. Rearrangement of the Windings of Figure 21 
Showing the Reduced Asymmetry 

INrERVAL A INTERVAL B INTERVALC 

-"'" Figure 23. Cross-sectlon Through the Windings of a Push·Pull Transformer 
Showing That, With Divided Primary and Secondary Windings, 

the Non·Conductlng Windings are not Exposed to Leakage Flux 

OUTER 
WINDING 

INNER 
WINDING 

/ 
~--~-------~----------~ ----------------- ------------. ----. 

Figure 24. In a Flyback Converter Transformer, Primary and Secondary Conduct 
AHemately. Thus, Two Leakage Flux Diagrams are Required for Loss Analysis: 

One for the Inner Winding Conducting (Left) and One for the Outer 
Winding Conducting (Right) 
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the winding has only a few turns, they are a 
must. 

In practical transformers, bwl a may be assumed to 
be > 20. With N" 1 0, then T I a:> 2. The baaic 
design chart for wire windings, Figure 17, shows that 
that is the region for single·layer or half·layer de
signs, for which rAC 10 a21p e; 1.1(T/ar' 

Choosing strip rather than wire reduces the 
winding resistance by a factor of about 0.9 
v'N if ideal designs can be used. 

If N > 1, the expression for the ideal strip thickness 
can be written as h,ol a e; 3"4N-"'. Then, 
rAC 10 - FR 10P/(bwh,o) e; (FR 10/1.32) 
pN"2(bwar '. Since FR 10 e; 1.33, dividing this 
result by that for wire windings obtained above 
yields the factor 0.9/Vii[ 

With a non-ideal strip design, the improve
ment over an ideal solid-wire version is, of 
course, smaller, but the strip version remains 
preferable as long as the thickness of all 
turns in the portion together exceeds .:l. 

For a non-ideal strip version in which FR !:l! 1 
(that is, if h .. 0.5 hiD), rAC !:l! roc = p/(bwh). 
To make this smaller than the rAC 10 of the 
wire version, Nh> A/t.t or, as a rule of 
thumb, Nh>.:l. 

Multiple Wire 
In a multiple-wire winding, each turn consists 
of ns strands lying side-by-side in the layer, 
Figure 25. 

Multiple-wire turns have the height of a single 
strand, but an area ns times that of a strand~ and a 
layer space (copper) factor the same aa that In a 
layer wound conventionally with wire of the size of 
each strand. 

The design procedure for solid round wire 
windings can easily be adapted for multiple
wire. 

In the baaic design chart of Figure 17, after dividing 
T I a by ns, read d,ol a, PIO and HE ,ola as usual. 
The value of r AC 1011"1 P for the single strand must 
be divided by ns to find the resistance of the multiple 
wire. 

In effect, a single-wire winding is designed with a 
layer breadth bw/ns, or alternatively, the winding 
geometry is determined as if there were nsN turns. 
T I a and r AC are thus 11ns times those for a normal 
wire winding . 

Compared with normal, single-strand, multi
layer windings (more than one layer per 
portion, T I A < 2), rAC 10 and diD decrease 

NOTE: 
The strands of one tum are Indicated by black dots. 

Figure 25. A Multiple-Wire Winding of 
4 Turns, Each of 3 Strands 

I 
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about as n81/3 and He· increase about as 
n81/3• 

WHh 2 parallel strands, Figure 26, the reduction In 
rMJ 10 and di~ is about 20%: the height Increase Is 
roughly 25%. With 3 parallel strands, the reduction 
in rAC 10 and di~ is about 30%: the height Increase is 
roughly 45%. 

If the increased height does not permn the use of 
the ideal design of a multiple-wire version, the 
single·strand winding will oiten have a lower resl ... 
tance. More than 3 parallel strands are not often 
used due to winding difficulty, or inadequate height. 

In the region of T I A > 2 it Is usual to try to 
use strip or foil conductor. If that is not 
possible, multiple-wire may be considered. 

Strip conductor, although promising lower resi ... 
tance, cannot always be used because of uneven 
current distribution over the layer breadth, for exam· 
pie, or due to constructional problems. 

If T I A > 2ns lower resistance cannot be 
achieved, (Figure 26), but a multiple-wire 
winding design might be justified by reduced 
winding height, the use of thinner, more 
flexible wire, and saving in copper. 

The curve for p - 1 In Figure 17 ends at TIl!.. - 6 
only for practical reasons. There Is no theoretical 
limit: the resistance remains inversely proportional 
toT/l!...lfp.1 and TIl!..> 2ns,o.lf p-O.6 andTI 
I!.. > 6ns the overall wire dlametar and, thus, the 
winding helgh~ will be found to reduce In inverse 
proportion to ns. In order to understand how less 
copper can have equal resistance, H Is necessary to 
realize that this Is in the region of pure skin 
conduction (op> 1). The breadth of a tum (either a 
single wira or ns strands) and, thus the skin ares 
remains the same. Stranding reduces the amount of 
useless conductor In the winding. 

~ ~·1~. 
~kt.a 

;~ ~ 

Q.2 

~1T-1 

'" I" 0.1 

o.as 
0.1 Q.2 0.5 1 2 5 10 20 

TIl>. 
0P15810$ 

NOTE: 
The improvement quickly vanishes between T 1.6. - 2 
and T/Il.=2n .. But H TIll. -. 2n. winding 
height and copper content are reduced by the use 
of thinner wire. 

Figure 26. Design Chart for 
Multiple-Wire Windings Showing the 

Improvement In rAC ID Obtainable for 
n. = I, 2, and 3 Strsnds 
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Bunched·Wire 
BunChed-wire comprises three or more 
enamelled wires, twisted around each other 
to form a bunch. 

Hera, a distinction is made betwaen bunched-wire 
and Litz-wira, which latter is discuased in the next 
section. The difference is In the strand diametar. in 
bunched-wire it is of the order of magnnude of I!.., 
wherees in Utz-wire the strands are much finer. In 
the IHerature, the term bunched-wire is sometimes 
used for what is here called Utz-wire 

In both bunched- and Litz-wire the strands 
undulate within the height of the layer. This 
ensures equal current sharing between the 
strands, because, on average, the position of 
each strand Is in the middle of the layer 
height. BunChed-wire windings are designed 
in much the same way as single-wire windings 
having Nns turns, but adaptations of the 
procedures are required for the determination 
of winding pitch and layer height. 

Lltz·Wlre 
Lltz-wire is a form of bunched-wire in which 
the strand diameter is small compared to A. 
Eddy-current effects are thus virtually elimi
nated, and the AC resistance is equal to the 
DC resistance. 

Thus Ln.·wire windings require no special design 
procedures: the deSign methods for low-frequency 
windings apply. 

Litz-wire is standardized and commercially 
available. 

For instance, IEC Publication 317-11 covers Utz
wire of 3 to 400 strands of 0.025mm to 0.071 mm 
diameter. Standards and manufacturer's catalogs 
should be consulted for engineering data. 

Lltz-wire is generally only useful where ample 
winding space is available. 

The main drawbeck of Ln.-wire is ns low space 
(copper) factor. Typically, only one quarter to one 
third of the winding space will be conductor. 

NON·SINUSOIDAL CURRENT, 
EFFECTIVE FREQUENCY 
SO far, sinusoidal current waveform of fre
quency equal to the switching frequency has 
been assumed. 

When considering proximity effect loss compared to 
DC (1.9., frequency.independent) loss, n was found 
that the total loss Is minimum if the ratio of eddy
current loss to DC loss is 1:3 in strip or foil windings 
and 1:2 in multi-layer wire windings. In single-layer 
and half-layer windings there was no such optimum 
ratio. 

The current waveforms associated with 
SMPS transformers are generally far from 
sinusoidal. 
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A non-sinusoidal repelltive waveform can be repre
sented by a DC compon~ a component at the 
fundamental frequency (the swHchlng frequency) 
and several components at harmonic frequencies. 
The DC component will no~ of course, cause eddy. 
current loss: Hs current density Is unHorm over the 
conductor cross-section. The fundamental compo
nent has eddy-current loss as well as DC loss 
associated with It. This Is also the case for the 
harmonic components, but the ratio of eddy-current 
to DC loss will be higher than for the fundamental. 

Neglecting the non-sinusoidal character of 
the current waveform introduces an inaccura
cy. 

The sum of all eddy-current losses should be 
determined together with the total DC loss to ensure 
that thay heve the desired optimum ratio. 

One problem is that, when designing the 
windings, it is not possible to make a reliable 
estimate of the current waveform. 

Sometimes H is possible to make use of experience 
gained in previous deSigns. 

Many designs have, in fact, been made as if 
the current were sinusoidal and the results 
have usually been satisfactory. 

The errors due to calculation only at the swnching 
frequency oppose. The component of loss occurring 
at DC is overestimated, whereas the componenta 
due to harmonics are underestimated. 

The inaccuracy can be avoided by using an 
effective frequency in winding design. 

The effective frequency Is, of course, notionel. It 
should be used only in connection with eddy-current 
effects. 

In so far as eddy-current loss is proportional 
to vi' (that is to f2), the effective frequency 
can be found from an analysis of the current 
waveform: 

1 i 
f9 = 2,; i 

where I is the RMS winding current; I is the 
RMS value of dlld!, the first derivative of the 
current waveform. 

This expression does not apply In the region of skin 
conduction, where the eddy-current loss is propor
tional to op or vr. 
It is apparent that I contains no contribution from the 
DC component and a more pronounced contribution 
from the harmonics, since d (sin nwt)/dt - nw cos 
nwt. The rise and fall times of the current pulses 
have a considerable effect on the value of i. 
Moreover, some (H not all) of the higher harmonics 
lie in the region of skin conduction. 

A simple method of determining f. has not yet been 
found: f. can be expected to be lower then the 
switching freque.!'El.!t. but higher than fie ACile, 
where I. MJ = V (I~ - 16) is the RMS value of the AC 
component and 10 Is the DC component 
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The use of this effective frequency, desp~e 
~ not being valid in the region of skin 
conduction, will yield the optimum winding 
geometry. 

SIngle-layer windings are chosen if PIC" 1 sod 
since f. Is valid for determining Pld the choice 
between multilayer and single-layer windings is 
clear. Both single and half-layer windings are close
pecked, in principle, so their leyer geometry is 
independent of frequency. 

Since the affacIive frequency for the skln-conduc
tion region is not known, winding loss cannot be 
accurately estimated, and, consequently, a reliable 
choice between a single-and a half-layer winding 
cannot always be made. In most practical cases, 
however, these problems do not occur because, in 
any case, strip windings are preferable in this region. 

For use in choke design an expression for f. 
has been derived and simplified, but due to 
the large variation in conditions it is impossi-
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ble to give a typical example for transformer 
deSign. 

For the waveform of Figure 27, provided that 
the rise and fall times are between 15% and 
85% of the repetition period. 

and the etlective current 

Ie = V (16 + Ile/3). 

For a sinusoidal rather than a triangular 
waveform superimposed on a DC current. 

f 
f s ""F==':==:===;~ 
• V[1 + 2(loIlAdl 

and 

Ie - V(18 + lle/2). 
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01'1 ..... 

Figure 27. Current Waveform In a 
Smoothing Choke Idealized for the 
calculation of Effective Frequency 

I 
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Enamelled Round Copper Winding Wire, IEC-grade 2 

MAXIMUM NOMINAL NOMINAL DIAMETER OVERALL CROS8-SECT d (mm) DIAMETER AREA (mni~ do (mm) 

0.040 0.054 0.00126 
0.045 0.061 0.00159 

0.050 0.066 0.00196 
0.056 0.076 0.00246 

0.063 0.085 0.00312 

0.071 0.095 0.00396 
0.080 0.105 0.00503 

0.090 0.117 0.00636 
0.100 0.129 0.00785 

0.112 0.143 0.00985 

0.125 0.159 0.0123 
0.140 0.176 0.0154 

0.180 0.199 0.0201 
0.180 0.222 0.0254 

0.200 0.245 0.0314 

0.224 0.272 0.0394 
0.250 0.301 0.0491 

0.280 0.334 0.0616 
0.315 0.371 0.0779 

0.355 0.414 0.0990 

0,400 0.462 0.126 
0.450 0.516 0.159 

0.500 0.569 0.196 
0.580 0.632 0.246 

0.630 0.706 0.312 

0.710 0.790 0.396 
0.800 0.885 0.503 

0.900 0.990 0.636 
1.000 1.093 0.785 

1.120 1.217 0.985 

1.250 1.351 1.227 
1.400 1.506 1.539 

1.600 1.711 2.011 
1.600 1.916 2.545 

2.000 2.120 3.142 

2.240 2.366 3.841 
2.500 2.631 4.909 

NOTE: 

MINIMUM 
WINDING PITCH 

'--IN (mm). 

0.059 
0.066 
0.073 
0.082 
0.091 

0.102 
0.112 
0.125 
Ci.137 
0.152 

0.169 
0.187 
0.210 
0.234 
0.257 

0.284 
0.315 
0.346 
0.387 
0.431 

0.461 
0.538 
0.593 
0.659 
0.736 

0.823 
0.922 
1.032 
1.139 
1.268 

1.408 
1.569 
1.783 
1.996 
2.209 

2.465 
2.742 

Application Note 

AN1261 
Part 3 

NOMINAL 
RESISTANCE 

AT 1OO·C 
roc (nlm) 

17.66 
13.97 
11.32 

9.022 
7.129 

5.613 
4.421 
3.493 
2.829 
2.256 

1.811 
1.444 
1.1052 
0.8733 
0.7074 

0.5639 
0.4527 
0.3809 
0.2852 
0.2245 

0.1768 
0.1397 
0.11318 
0.09022 
0.07129 

0.05613 
0.04421 
0.03493 
0.02829 
0.02256 

0.01811 
0.01444 
0.011052 
0.008733 
0.007074 

0.005639 
0.004527 

Values of tMIN are based on recommendations for mass production of one particular manufacturer. Other manufacturers may use diHerent values. 
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Medium Enamelled Copper Wlres-AWG (8. & S.) (Diameters based on 8S1844: 1952-medlum 
covering) 

MAXIMUM 
NOMINAL NOMINAL MINIMUM 

AWG NOMINAL COPPER OVERALL 
CR08S-SECT. RESISTANCE WINDING PITCH 

(B. " s.) DIAMETER d DIAMETER 
AREA AT 100·Croc tMIN do 

Inch mm (mm) (mm~ (!lIm) (mm) 

44 0.00198 0.0503 0.06604 0.00199 11.190 0.071 
43 0.00222 0.0564 0.07366 0.00250 8.899 0.079 
42 0.00249 0.0833 0.08128 0.00314 7.073 0.087 
41 0.00280 0.0711 0.09144 0.00397 5.594 0.098 
40 0.00314 0.0798 0.1041 0.00500 4.448 0.111 

39 0.00353 0.0897 0.1143 0.00631 3.519 0.122 
38 0.00397 0.1008 0.1295 0.00799 2.783 0.138 
37 0.00445 0.1130 0.1148 0.01003 2.215 0.154 
38 0.00500 0.1270 0.1626 0.0127 1.754 0.172 
35 0.0056 0.1422 0.1778 0.0159 1.398 0.188 

34 0.0063 0.1600 0.1981 0.0201 1.105 0.209 
33 0.0071 0.1803 0.2235 0.0255 0.8700 0.236 
32 0.0080 0.2032 0.2489 0.0324 0.6853 0.261 
31 0.0089 0.2261 0.2743 0.0401 0.5537 0.287 
30 0.0100 0.2540 0.3048 0.0507 0.4386 0.319 

29 0.0113 0.2870 0.3404 0.0647 0.3435 0.356 
28 0.0126 0.3200 0.3759 0.0804 0.2782 0.393 
27 0.0142 0.3607 0.4191 0.1022 0.2175 0.438 
26 0.0159 0.4039 0.4699 0.128 0.1735 0.491 
25 0.0179 0.4547 0.5232 0.162 0.1369 0.547 

24 0.0201 0.5105 0.5817 0.205 0.10860 0.608 
23 0.0226 0.5740 0.8502 0.259 0.08586 0.679 
22 0.0253 0.6426 0.7214 0.324 0.06852 0.754 
21 0.0285 0.7239 0.8052 0.412 0.05399 0.841 
20 0.0320 0.8128 0.8966 0.519 0.04283 0.937 

19 0.0359 0.9119 1.003 0.653 0.03403 1.048 
18 0.0403 1.024 1.118 0.823 0.02700 1.168 
17 0.0453 1.151 1.247 1.040 0.02137 1.303 
18 0.0508 1.290 1.389 1.308 0.01899 1.452 
15 0.0571 1.450 1.557 1.652 0.01345 1.627 

14 0.0641 1.628 1.737 2.082 0.010670 1.815 
13 0.0720 1.829 1.943 2.627 0.008460 2.030 
12 0.0808 2.052 2.172 3.308 0.008717 2.270 
11 0.0907 2.304 2.431 4.168 0.005331 2.540 
10 0.1019 2.588 2.720 5.261 0.004224 2.842 

NOTE: 
Values of fMlN are based on recommendations for mass production of one particular manufacturer. Other manufacturers may use different values. 
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PART 4: IMPROVED METHOD 
OF POWER CHOKE 
DESIGN 

A power smoothing choke which Is to carry a 
significant direct current component or to 
have a well-defined inductance is usually 
wound on a core whose magnetic circuit 
includes an air gap. The reluctance (magnetic 
resistance) of this air gap reduces the effec
tive permeability of the core: either to in
crease the ampere-turns at which saturation 
occurs, or to reduce the effect of variations In 
the permeability of the core material on the 
Inductance of the choke. 

The traditional route to the design of a choke 
with a gapped core involves the use of Hanna 
curves, or some derivative of them. This 
design route has a number of disadvantages 
and limitations. Initial core selection is uncer
tain and designs may have to be made using 
a number of cores before the optimal solution 
is found. The design procedure Involves con
siderable calculation and iteration, and the 
effects of changes In core operating condi
tions and mechanical tolerances, especially 
on the airgap, are not readily predicted. 

To simplify the design of power chokes using 
Ferroxcube grade 3C8 cores, we have de
vised a method based on computer-generat
ed charts. The first step In the design is the 
selection of a suitable core: this selection 
usually proves to be final. The published data 
for each core inciudes a further chart that 
replaces the Hanna curve and which is used 
for graphical design of the choke. 

DESIGN METHOD 
Ferroxcube 3C8 manganese-zinc ferrite is 
established as an excellent material for pow
er transformer and choke cores operating at 
ultrasonic frequencies, especially those in 
switched-mode power supplies (SMPS). The 
n_ core selection and design charts greatly 
simplify the design of such chokes. 

Starting with the peak current 1M that the 
choke is required to pass without saturating 
the core, and the minimum inductance re
quired lMIN. the designer obtains directly all 
the information necessary for the construc
tion of the choke. Core size, spacer thick
ness, number of turns, and winding geometry 
are derived by straightforward procedures. Of 
special interest to those engineers to whom 
the subject is a black art: the magnetic 
properties of the core do not enter into the 
process at all. 

The design method allows for ratios of alter
nating to direct current from small (smoothing 
chokes) to large (push-pull converter 
chokes). Parameter spreads due to manufec
turing and temperature variallons are taken 
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DEFINITION OF SYMBOLS 

SYMBOL UNIT DEFINITION 

At. H Induction factor UN2 

bw mm Winding (layer) breadth 
BM T Peak flux density 
d mm Nominal wire dlametar 
do mm Overall wire diameter 
f kHz Frequency 
fe kHz Effective frequency (see text) 
FR - AC resistance factor Rae/Rdo 
h mm Thickness of foil conductor 
H mm Winding height 
HA mm Available winding height 
i mm Thickness of interleaving 
Ie A RMS current at full load 
io A DC component of current at full load 
lAC A . AC component of current at full load 
1M A Peak value of current at full load 
L H Inductance 
N - Number of turns in a winding 
p - Number of layers 
Pw W Winding loss 
RAC n AC resistance 
Roc n DC resistance 
s mm Spacer thickness 

NOTE: 
Subscript 10 means "ideal" value. 

OP, ..... 

Figure 1. Symbols for Choke Current 
Used In the Text 

(see also the Table) 

into account in the construction of the design 
charts. The design procedures allow for spac
er tolerances. 

Core Operating Conditions 
The selection and design charts are con
structed for cores of Ferroxcube 3C8 operat
ing at a hotspot temperature of 100·C. Oper
ation at lower temperatures leads neither to 
core saturation nor to inductances lower than 
lMIN. The design peak flux-density BM Is 0.32 
T; however, the charts can be used for a 
lower value by designing for a peak current 
0.32IM/BM. (Symbols used In this article ere 
listed and defined In the table; symbols for 
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currents are illustrated by Figure 1. Nota that 
in the equations the unit of frequency is kHz, 
not Hz; and the unit of length, mm. Some 
constants in the equations are based on 
these units.) 

APPLICATIONS 
For the purposes of the ~ design method, 
applications are divided into three classes: 

I IAclio < 0.3 as in smoothing chokes, 
and converiar chokes for flyback-type 
SMPS, where the core flux-density re
mains above zero. 

II IACllo" 1 as in chokes where the oper
ating flux-density ratums periodically to 
zero. This is the case with flybeck con
verters of the rlnging-choke type. 

III IACllo > 2 as in converter chokes for 
push-pull-type SMPS, and fluorescent
lighting ballast chokes, where excitation 
is symmetrical. 

In class III applications, the limiting lector in a 
design is core loss rather than core satura
lion. Operation at a permissible level of core 
loss usually entails reducing the peak flux 
density In the core; the amount of the reduc
tion depends on operating frequency. The 
treatment given to ciass III deSigns here 
generally yields satisfactory results. 
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CORE SELECTION 
The design charts are supplemented by three 
core selection charts. Each chart covers a 
group of core types according to shape: 
• UU and UI cores (Figure 2), comprising 

respectively two U cores of a U and an 
I core, generally give designs with the 
lowest ferrite cost. However, they are 
not available complete with coil formers. 

• EE cores, a pair of E cores, may be 
preferable where other considerations 
dominate, such as the availability of coil 
formers. 

• EC cores, although designed primarily 
for transformers, might perhaps be 
chosen because their use for both 
transformers and chokes in the same 
eqUipment simplifies parts stocking. 

Figure 2 shows the core selection chart for 
UU and UI cores, examples of which are 
shown in Figure 3. 

Selection Procedure 
The selection curves are used to select a 
suitable core for the intended application. A 
full design can then be made using the design 
chart in the core data sheet with confidence 
that the result will be useful. The selection 
charts are used as follows: 
• Knowing the value of peak choke 

current 1M and the minimum inductance 
required LMIN, calculate the value of 
l£lMIN. 

• Choose, at least provisionally, the shape 
of core (UU/UI, EE, or EC) based on 
the considerations in the previous 
paragraph. Draw on the appropriate 
selection chart a horizontal line I£LMIN. 
For class III designs use a value of 

10'" 

UUW~_ 
UUWI2&' -

1 

V UU84171120 

'" U"r'5OI11-, 
/. UU2S/4QI13 

UU2OI3217= = 
, ./ 

UU1&12217 
,/ ./ 10'" 

10'" 
0.1 0.2 u.s 1 Z 5 10 
APPIIOXIIIATE SMCIR lHICKNE88 (I11III) 

0P1 ..... 

FIgure 2. Selection Chart for U Core. 
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""""''''' 
Figure 3. A Selection of Corea in 

Ferroxcube Grade SC8 Ferrite 

0.1 "£lMIN, where f is the operating 
frequency in kHz. 

• A core whose curve intersects this 
horizontal line can be used for the 
application. The spacer thickness 
corresponding to the intersection is, 
however, only an indication of the final 
value. 

Effect of Core Size 
Where, as is usual, more than one core could 
be used, the final choice may be governed by 
the consideration that operation near the 
right.hand end of the curves carries the risk 
of overheating. Moreover, selection of a larg· 
er core will generally result in a more conser· 
vative, efficient design than one based on a 
core that is only marginally large enough. 

SPACER THICKNESS AND 
NUMBER OF TURNS 
In the data sheet for the type of core select· 
ed, refer to the chart giving (I~L)MAX and AL 
as functions of spacer thickness. (Note: AL 
for these power cores is the induction factor 
in Henrys.) 

The charts contain a pair Of curves of 
(I£L)MAX and AL for each of the three applica· 
tion classes. The design chart for the UU641 
79/20 is given as Figure 4. In the design 
procedure, use the pair of curves of the 
appropriate class of application, as follows: 
1. On the chart, draw again the horizontal 

line I£LMIN (or O.1fI~lMIN for class III 
applications) as in the selection procedure. 
The working point of the core must lie 
abcve this line and below the (I£L)MAX 
curve for the core. In Figure 5, that is 
between lines SQ and SP. 
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2. Select a suitable spacer, of nominal thick· 
ness s. Draw vertical lines SMIN and sMA)( 
on the chart, where SMAX - SMIN is the 
tolerance field on the thickness of the 
spacer and the associated adheSive films. 
(Epoxy adhesive films vary in thickness 
from about 10llm to about 20Ilm.) Ensure 
that the horizontal distance between the 
intersection and SMIN (a in Figure 5) is 
greater than the distance from SMIN to 
SMAX (b in Figure 5). 

3. For sMIN, read values of (I£L)MAXI and ALI 
from the chart. To avoid saturation the 
maximum number of turns aliowed is 

.~ 
NMAX=V~ (1) 

NOTE: 
The upper left·hand corner of the shaded area in 
Figure 5 is the most critical point regarding number 
of turns and core saturation. 

4. For SMAX, read the value of AL2. The 
minimum number of turns required to 
achieve LMIN is then 

./LMiN 
NMIN = ·V -;;=--

AL2 

NOTE: 

(2) 

The lower right·hand corner of the shaded area is 
the most critical for number of turns and lMIN. 

5. Select an integral number of turns N 
between NMIN and NMAX. 

NOTE: 
If 'a' was taken to be only marginally greater than 
'b' (Figure 5), the design attempt might fail since 
such an integer would not exist. Making a < b 
makes NMAX < NMIN· 

6. Establish the winding geometry using the 
winding design procedure in the next sec· 
tion. 

WINDING DESIGN 
The losses due to eddy currents in a winding 
carrying AC increase rapidly with conductor 
size (as d4 for wire), but resistive losses in a 
conductor decrease with increasing size (as 
d - 2 for wire). It follows, therefore, that there 
must be a frequency·dependent 'ideal' can· 
ductor size at which losses are minimum. This 
sets the upper limit to conductor size; there is 
no reason to increase losses by using a 
thicker conductor. The use of a thinner con· 
ductor is sometimes tolerable (low current 
density) or necessary (inadequate space). 

The procedures that follow allow the ideal 
number of layers and wire size, or the thick· 
ness of strip, to be determined for chokes 
with an operating current waveform similar to 
that shown in Figure 1. They also indicate the 
course of action in the event of the available 

I 
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Figure 5. Construction for Graphical Design of Chokes 
Using the New Design Charts 

winding window being Insufficient to accom
modale the ideal winding. 

Copper conductors are assumed here and 
the operating temperature is taken to be 
100°C, so that conductor resistivity is 11 
45nmm2/m (30% higher than that at 20°C). 
Symbols used are defined in the Table and 
Figure 1. 

Effective Frequency and 
Effective Current 
To allow for the effect of waveform on eddy· 
current losees In the choke windings, it is 
necassary to convert actual frequencies and 
currents to effective values. For sinusoidal 
currents, the effective frequency fe is equal to 
the actual frequency f. For small amounts of 
waveform distortion, and small DC compo
nents, Ie can still be taken as equal to f. For 
the waveform of Rgure I, and provided thet 
the rise and fall times are between 15% and 
85% of the repetition period, 

1.31 
f - -;===:=~==;;; 
a VI + 3(loflAd 
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In designs for class I applications fa may be 
only a f_ kiloHertz. Eddy·current effects are 
then negligible so that windings can be de
signed as if they are to carry DC only. 
Remember to use the correct value for DC 
resistivity. 

For the waveform of Figure I, the effective 
current I. Is given by: 

I~ - I~ + Ilel3 

For sinusoidal currents with a significant DC 
component, however, 

f 
f -e VI + 2(loIIAcl" 

and 

I~ -I~ + Ilc/2 

where lAC is the amplitude of the AC 
component. 
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Multi-layer Wire Windings of 
Solid, Round Wire 
In the following design procadure, It Is as
sumed that all layers have the same breadth. 
However, where the number of turns in the 
winding cannot be divided into the ideal 
number Of layers, a difference of one tum per 
layer Is permissible. 

1. The ideal wire diameter is 

dID-2.6 ...!!.. ( 
b )1/3 
Nfa 

2. Select the nearest standard wire ·size 
(for d and do) from a wire table such 
as thet for IEC grade 1 winding wires. 

3. The ideal number of layers Is now 

N 
PID = bw/do -1 

NOTE: 
This expression is valid only for do from Step 2. 

• If PID;;' 1.5 and the current density in 
wire diD is excessive, make a n_ 
design using a larger core. 

• If PID .;;; 1.5, also consider a foil or strip 
winding. 

• If PID';;; I, the exprassion for diD in 
step 1 is not valid: go to the single
layer winding procedure. 

Find p by rerounding PID to the next 
highest integer. This rounding increases 
the spacing between turns. 

4. The required winding height is 

H - p(do+i) 

5. If H exceeds the available height Ha, or H 
current density is low: 

• reduce p by one layer 

• select the thickest wire for which 
do';;; Pbw/(N + p), 

• repeat from step 4, even H p - 1. 
6. FR = 1 + ~(d/dID)6. 

Check: H FR > 2 an error has occurred. 
NOTE: 
FR -1.5 for d - dlo; when d < 0.7 diD, FR '" 1. 

7. Pw = I~RAC - I~RRDC. * 

NOTE: 
*The DC resistance of copper wire is 0.0283/d2 r!I 
mat l00·C. 

Single-layer Windings of Solid, 
Round Wire 
The design procedure is to be used only 
when PID calculated in step 3 of the previous 
section comes out as equal to or less then 
unity. 

1. Select the thickest wire for which 
do <; bw/(N +1). 
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2. FR - 0.33 d felllN/(N + 1), only If PID';; 1 In 
step 3 of the last section. FR has no upper 
limit here. 

3. Pw - I~RAC - I~FRRDC.' 

NOTE: 
'The DC resistance of copper wire 18 O.0283/cj2 nt 
mat 100·C. 

Bunched-(Lltz-) Wire Windings 
Eddy-current effects in bunched-conductor 
(or Utz-wlre) windings are negligible and, 
thus, no special design procedure is required. 
Conductors of this type are not, however, 
n_ssarily the complete solution: their peck
lnil fsctor, and, consequently, winding ther
mal conductMty are both low. They might be 
an attractive altemative where the Ideal solid
conductor winding fills less than half tha 
avallable height. The resistance of bunched 
conductors, like that of solid conductors, is 
30% higher at 100'C than at 2O·C. 

Foil or Strip Windings 
Chokes for high current, low voltege SMPS 
oftan use windings of strip or foil conductor. 
The width bw of the strip is equal to the 
available winding width. 

3.1 
1. hiD - v'(Nf.) 

hiD 
2. hMIN - O.B v'N 

Ha 
3. hMAX-N"-1 

Choose a value for i that suits a strip of 
thickness about Ha/N. If hMAJ( hMIN, try a 
wire winding. 
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4. Select a strip of thickness h such that 
hMIN .;; h < hMAX' Aim for h - hlo, 

5. FR-l +~(.!.)4 
3 hiD 

Check that FR < I.B; if not, reduce h. 
When h - hiD, FR - 1.33; when h < 0.6 
hie. FR "" 1. 

6. Pw -I~RAC - I~FRRDC. 

NOTE: 
DC resistance of copper strip Is 1/(45bwh)S1/m al 
l00*C. 

DESIGN EXAMPLE 
A choke of 30mH minimum inductance is 
required for a peak current of 1 A at 30kHz 
with a waveform as shown in Figure 1. lAC/ 
10 - 0.1, so this Is a class I design. 

Core Selection 
Cost is Important and quantities justify cus
tomized coil formers, so a UU core is select
ed. 

The value of Il!LMIN - 3 X 10-2J. A horizon
tal line of this value drawn on the UU core 
selection chart Intersects the curve for the 
UU 64179/20 core at a spacer thickness of 
about 0.7mm. 

Number of Turns and Spacer 
Thlckne .. 
Another horizontal line for IM2 lMIN 
- 3 X 10 - 2 J drawn on the design chart for 

the UU64179/2O core, Figure 4, intersects 
the (Il!L)MAX curve for class I at a spacer 
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thickness of O.6mm. A resin-bonded paper 
sheet of O.9mm thickness with a tolerance of 
-0.1 mm is available. Adhesive thickness is 
between 0.01 mm and 0.02mm, so the final 
spacer thickness could be 0.81 to O.92mm. 
Vertical lines of these values are drawn on 
the deSign chart. The condition given with 
reference to Figure 5, that a > b, is satisfied. 

From Figure 4, (ll!L)MAXl = O.036J and 
ALI = 2 X 10·7H. 

Thus, from Equation I, 

.. / 0.036 
NMAX= V 1 X 2 X 10-7 424.26 turns 

Al2 = 1.9 X 10-7H, so the minimum number 
of turns is, from Equation 2, 

V 0.03 
NMIN = 7 = 397.36 

1.9 X 10-

Since NMAX is, as it should be, greater than 
NMIN, the design is successful so far and a 
number of turns can be selected between 
these limits. 

Winding Design 
The effective operating frequency for the core 
is given by Equation 3, 

1.3 X 30 
fe = VI + 3 (0. r2) "" 2.25kHz 

At this effective frequency, eddy-current ef
fects can be neglected, and the winding can 
be designed to fit the space available, allow
ing for the coil former wall thicknesses. 

I 
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DESCRIPTION 
This monolithic integrated circuit con
tains all the control circuitry for a regulat
ing power supply inverter or switching 
regulator. Included in a t6-pin dual-in
line package is the voltage reference, 
error amplifier, oscillator, pulse-width 
modulator, pulse steering flip-flop, dual 
alternating output switches and current
limiting and shut-down circuitry. This de
vice can be used for switching regulators 
of either polarity, transformer-coupled 
DC-to-DC converters, transformerless 
voltage doublers and polarity converters, 
as well as other power control applica
tions. The SG3524 is designed for com
mercial applications of O·C to + 70·C. 

ORDERING INFORMATION 

Product Specification 

FEATURES 
• Complete PWM power control 

circuitry 

• Single ended or push-pull 
outputs 

• Line and load regulation of 0.2% 

• 1 % maximum temperature 
variation 

• Total supply current i8 le88 than 
10mA 

• Operation beyond 100kHz 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

16-Pin Plastic DIP o to +70·C SG3524N 

16-Pin Cerdip o to +70·C SG3524F 

16-Pin SOL o to +70·C SG3524D 

BLOCK DIAGRAM 

October 10, 1986 8·184 

PIN CONFIGURATION 

""'ERT _T 
NON.INYERT 

"'UT 
OSC. 

OUTPUT 

' .... IC.L. .. -

NOTE: 

01, F, N Package. 

TOPV1EW 

1. SOL·Released In large SO package only. 

TC111308 

853·0891 85936 
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ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

VIN Input voltage 40 V 

lOUT Output current (each output) 100 mA 

IREF Reference output current 50 mA 

Oscillator charging current 5 mA 

Po Power dissipation 
Package limitation 1000 mW 
Derate above 25°C 8 mWI"C 

TA Operating temperature range o to +70 °C 

TSTG Storage temperature range -65 to +150 °C 

DC ELECTRICAL CHARACTERISTICS T A = O°C to + 70°C, VIN = 20V, and f = 20kHz, unless otherwise specified. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Reference eectJon 

VOUT Output voltage 4.6 5.0 5.4 V 

Une regulation VIN=8 to 40V 10 30 mV 

Load regulation IL=O to 20mA 20 50 mV 

Ripple rejection f = 120Hz, TA = 25°C 66 dB 

Isc Short circuit current limit VREF= 0, TA = 25°C 100 mA 

Temperature stability Over operating temperature range 0.3 1 % 

Long-tenn stability TA = 25°C 20 mVlkHz 

OSCillator aectlon 

fMAX Maximum frequency Cr = 0.001 mF, RT = 2kO 300 kHz 

Initial accuracy RT and Cr constant 5 % 

Voltage stability VIN g 8 to 40V, TA = 25°C 1 % 

Temperature stability Over operating temperature range 2 % 

Output amplitude Pin 3, TA = 25°C 3.5 Vp 

Output pulae width Or - 0.01 mF, T A = 25°C 0.5 j.lS 

Error amplifier aectlon 

Vas Input ollset voltage VCM=2.5V 2 10 mV 

ISlAS Input bias current VCM= 2.5V 2 10 p.A 

Open-loop voltage gain 6B 80 dB 

VCM Common-mode voltage TA = 25°C 1.8 3.4 V 

CMRR Common-mode rejection ratio TA = 25°C 70 dB 

BW Small-signal bandwidth Av - OdB, TA - 25°C 3 MHz 

VOUT Output voltage TA - 25°C 0.5 3.8 V 

Comparator aectlon 

Duty cycle % each output "ON" 0 45 % 

Input threshold Zero duty cycle 1 V 

Input threshold Maximum duty cycle 3.5 V 

ISlAS Input bias current 1 p.A 
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DC ELECTRICAL CHARACTERISTICS (Continued) T A - o·e to + 70·e, VIN - 2OV, and f - 20kHz, unless otherwise 
specified. 

UMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Mn 

Current limiting section 

Sense voltege Pin 9 - 2V with error amplifier set for maximum 180 200 220 mV 
out. TA - 25·e 

Sense voltege T.C. 0.2 mVl·e 

VCM Common-mode voltege -1 +1 V 

Output section (each output) 

Collector-emiller voltage 40 V 
(breakdown) 

Collector-leakage current Vce- 4OV 0.1 50 pA 

Saturation voltege Ic-50mA 1 2 V 

Emitter output voltege VIN-20V 17 18 V 

IR Rise time Rc· 2kn, TA - 25·e 0.2 jill 

tF Fall time Rc - 2kn, TA - 25·e 0.1 jill 

Totel stendby current 

(excluding oscillator charging VIN-40V 8 10 mA 
current, error and current lim~ 
dividers, and with outputs open) 
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THEORY OF OPERATION 

Voltage Reference 
An internal series regulator provides a nomi
nal 5V output which is used both to generate 
a reference voltage and is the regulated 
source for all the internal timing and control
ling circuitry. This regulator may be bypassed 
for operation from a fixed 5V supply by 
connecting Pins 15 and 16 together to the 
input voltage. In this configuration, the maxi
mum input voltage is 6.0V. 

This reference regulator may be used as a 5V 
source for other circuitry. It will provide up to 
50mA of current itself and can easily be 
expanded to higher currents with an external 
PNP as shown in Figure 1. 

TEST CIRCUIT 

I · 
• 3 

II 2 

I'J i '.0 

g 0.5 

0.3 

VREF to 

.... 
• • .. ov 

0.' 

'" V -:.-' 

. 001 .002 .005 .01 .02 .05 
1WING CAPACITOR VAWI!: le- t-IpF) 

If 

..... , .. 
figure 2. Output Stage Deed Time as 
a Function of the Timing Capacitor 

Value 

OSCillator 
The oscillator in the SG3524 uses an external 
resistor (RT) to establish a constant charging 
current Into an external capacitor (Or). While 
this uses more current than a series-connect-

October 10, 1986 
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] 

'L'o'.OA 
DEPENDtNG 
ON CHOICE 
FOR 01 

Figure 1. Expended Reference Current Capability 

...... 

.. 

5 10 20 50 100 200 500'",,_ 

O5CtLI.ATOR PEAIODo(PI) 

........ 
Figure 3. Oscillator Period as a 

Function of RT and Or 

ed Re, it provides a linear ramp voltage on 
the capacitor which Is also used as a refer
ence for the comparator. The charging cur
rent is equal to 3.6 V + RT and should be kept 
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loading on Pin 9 

wHhin the approximate range of 301lA to 2mA; 
i.e., 1.8k < RT < lOOk. 

The range of values for Or also has limits as 
the discharge time of Or determines the 

I 
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pulse-width of the oscillator output pulse. This 
pulse is used (among other things) as a 
blanking pulse to both outputs to insure that 
there is no possibility of having both outputs 
on Simultaneously during transitions. This out
put dead time relationship is shown in 
Figure 2. A pulse width below approximately 
0.5115 may allow false triggering of one output 
by removing the blanking pulse prior to the 
flip-flop's reaching a stable state. If small 
values of Cr must be used, the pulse-width 
may still be expanded by adding a shunt 
capacitance (""t OOpF) to ground at the oscil
lator output. [(Note: Although the oscillator 
output is a convenient oscilloscope sync 
input, the cable and input capacitance may 
increase the blanking pulse-width slightly.)] 
Obviously, the upper limit to the pulse width is 
determined by the maximum duty cycle ac
ceptable. Practical values of Cr fall between 
O.OOt and 0.1 j.lF. 

The oscillator period is approximately 
t = RM where t is in microseconds when 
RT - Sl and Cr = j.lF. The use of Figure 3 will 
allow selection of RT and Cr for a wide range 
of operating frequencies. Note that for series 
regulator applications, the two outputs can be 
connected in parallel for an effective 0 - 90% 
duty cycle and the frequency of the oscillator 
is the frequency of the output. For push-pull 
applications, the outputs are separated and 
the flip-flop divides the frequency such that 
each output's duty cycle is 0 - 45% and the 
overall frequency is one-half that of the oscil
lator. 

External Synchronization 
If It is desired to synchronize the SG3524 to 
an external clock, a pulse of "" + 3V may be 
applied to the oscillator output terminal with 
RTCT set slightly greater than the clock peri
od. The same considerations of pulse-width 
apply. The Impedance to ground at this pOint 
is approximately 2kSl. 

If two or more SG3524s must be synchro
nized together, one must be designated as 
master with its RM set for the correct 
period. The slaves should each have an RTCr 
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set for approximately 10% longer period than 
the master with the added requirement that 
Cr(slave) - one-half Cr (master). Then con
necting Pin 3 on all units together will insure 
that the master output pulse - which occurs 
first and has a wider pulse width - will reset 
the slave units. 

Error Amplifier 
This circuit Is a simple differential input trans
conductance amplifier. The output is the com
pensation terminal, Pin 9, which is a high
impedance node (RL"" 5MSl). The gain is 

81cRL 
Av = gMRL = 2kT ~ 0.002 RL 

and can easily be reduced from a nominal of 
10,000 by an external shunt resistance from 
Pin 9 to ground, as shown in Figure 4. 

In addition to DC gain control, the compensa
tion terminal is also the place for AC phase 
compensation. The frequency response 
curves of Figure 4 show the uncompensated 
amplifier with a single pole at approximately 
200Hz and a unity gain crossover at 5MHz. 

Typically, most output filter designs will intro
duce one or more additional poles at a 
significantly lower frequency. Therefore, the 
best stabilizing network Is a series RC combi
nation between Pin 9 and ground which 
introduces a zero to cancel one of the output 
filter poles. A good starting point is 50kSl plus 
0.001j.lF. 

One final point on the compensation terminal 
is that this is also a convenient place to insert 
any programming signal which is to override 
the error amplifier. Internal shutdown and 
current limit Circuits are connected here, but 
any other circuit which can sink 200j.lA can 
pull this point to ground, thus shutting off both 
outputs. 

While feedback is normally applied around 
the entire regulator, the error amplifier can be 
used with conventional operational amplifier 
feedback and is stable In either the inverting 
or non-inverting mode. Regardlass of the 
connections, however, input common-mode 
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limits must be observed or output Signal 
inversions may result. For conventional regu
lator applications, the 5V reference voltage 
must be divided down as shown in Agure 5. 
The error amplifier may also be used in fixed 
duty cycle applications by using the unity gain 
configuration shown in the open-loop test 
circuit. 

Current Limiting 
The current limiting circuitry of the SG3524 is 
shown in Figure 6. 

By matching the base-emitter voltages of 01 
and 02, and assuming a negligible voltage 
drop across R1: 

Threshold - VBE(01) + 11 R2 - VBE(02) 

= 11R2 ~ 200mV 

Although this circuit provides a relatively 
small threshold with a negligible temperature 
coefficient, there are some limitations to its 
use, the most important of which is the ± 1V 
common-mode range which requires sensing 
In the ground line. Another factor to consider 
is that the frequency compensation provided 
by A1C1 and 01 provides a roll-off pole at 
approximately 300Hz. 

Since the gain of this circuit is relatively low, 
there Is a transition region as the current limit 
amplifier takes over pulse width control from 
the error amplifier. For testing purposes, 
threshold is defined as the input voltage 
required to get 25% duty cycle with the error 
amplifier signaling maximum duty cycle. 

In addition to constant current limiting, Pins 4 
and 5 may also be used in transformer
coupled circuits to sense primary current and 
to shorten an output pulse, should transform
er saturation occur. Another application Is to 
ground Pin 5 and use Pin 4 as an additional 
shutdown terminal: i.e., the output will be off 
with Pin 4 open and on when it Is grounded. 
Finally, foldback current limiting can be pro
vided with the network of Figure 7. This circuit 
can reduce the short-circuit current (Ise) to 
approximately one-third the maximum avail
able output current (IMAx)' 
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APPLICATIONS 
The capacltor-diode output circuit is used in 
Figure 1 as a polarity converter to generate a 
-5V supply from +15V. This circuit is useful 
for an output current of up to 20mA with no 
additional boost transistors required. Since 
the output transistors are current-limited, no 
additional protection is necessary. Also, the 
lack of an inductor allows the circuit to be 
stabilized with only the output capacitor. 

Another low current supply is the flyback 
converter used in Figure 2 to generate ± 15V 
at 20mA from a + 5V regulated line. The 
reference generator in the SG3524 is unused 
with the input voltage providing the reference. 
Current limiting in a flyback converter is 
difficult and is accomplished here by sensing 
current in the primary line and resetting a soft 
start circuit. 

In the conventional single-ended regulator 
circuit shown in Figure 3, the two outputs of 
the SG3524 are connected in parallel for 
effective 0.0 - 90% duty cycle modulation. 
The use of an output inductor requires an RC 
phase compensation network for loop stabili
ty. 

Push-pull outputs are used in this transform
er-coupled DC - DC regulating converter 
shown in Figure 4. Note that the oscillator 
must be set at twice the desired output 
frequency, as the SG3524's internal flip-flop 
divides the frequency by 2 as it switches the 
PWM signal from one output to the other. 
Current limiting is done here in the primary so 
that the pulse width will be reduced should 
transformer saturation occur. 

SG3S24 PUSH-PULL ± SOV, 
100W Converter (Off-Line) 
A simple solution to off-line converter design 
for power audio amplifier circuits is shown in 
Figure 5. The SG3524 emitter outputs are 
used to drive directly a pair of BUZ41 A Power 
FETs in the primary side of the step-down 
transformer at a 50kHz rate. (The main oscil
lator operates at 100kHz.) The transformer 
consists of 120T of # 24 wire centartapped at 
6OT. This is sandwiched between two 50-turn 
center-tapped secondary windings of #20 
wire. Diodes are fast recovery BYW30s; the 
output chokes, 500j.lH wound on EC35 (3CS) 
pair Ferroxcube cores, provide adequate fil
tering in conjunction with the 1000j.lF and 
O.Olj.1F ceramic capacitors across the output. 
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DESCRIPTION 
Specifically designed for use in fixed
frequency switching regulators and other 
power control applications, this 
Switched-Mode Power Supply Control 
Circuit can be used to implement single
ended or push-pull switching regulators 
of either polarity, both transformerless 
and transformer-coupled. 

Included in this monolithic integrated 
circuit is a temperature-compensated 
voltage reference, sawtooth oscillator, 
error amplifier, pulse width modulator, 
pulse metering and steering logic, and 
two 200mA source/sink power drivers. 
Also included are housekeeping func
tions such as soft-start and low supply 
voltage lockout, digital current limiting, 
double-pulse inhibit, a data latch for 
single-pulse metering, adjustable dead 
time, and provision for symmetry correc
tion inputs. 

The output cirtcuit has been redesigned 
to eliminate the current spiking problem 
associated with source/sink drivers. The 
output stage has been designed so that 
in the transition from source-to-sink, or 
sink-to-source, the conducting device is 
shut off one transistor delay before the 
other device is turned on. This output 
correction allows the designer to utilize 
the speed of the other features of this 
controller at system frequencies up to 
400kHz. 

For ease of interface, all digital inputs 
are TIL and CMOS compatible. Active 
LOW logic allows wired-OR connections 
for maximum flexibility. 

ORDERING CODE 

SG3526 
Switched-Mode Power Supply 
Control Circuit 
PrelimInary Specification 

The low-cost SG3526 is rated for contin- PIN CONFIGURATIONS 
uous operation over the junction temper
ature range of O·C to + 125·C. It is 
furnished in either the Cerdip package or 
a dual in-line plastic package with cop
per alloy lead frame for improved heat 
dissipation. 

FEATURES 
• 7.4 to 35V operation 
• Dual 200mA source/slnk outputs 
• Cycle-by-cycle operation of all 

features up to 400kHz 
• No current spikes on Vc line at 

source-to-slnk or slnk-to-source 
transitions 

• Stabilized power supply 
• Current limiting 
• Temperature-compensated 

reference source 
• Sawtooth generator 
• Low supply voltage protection 
• External synchronization 
• Double-pulse suppression 
• Programmable dead time 
• Programmable soft start 
• 18-pin dual In-line plastic 

package, 18-pln Cerdlp hermetic 
package, or 20-pin plastic SO 

F, N Packages 

NON INVERTING 
F£I!II8ACK VOLTAGE 

INVERnNG 
PEID8ACK VOLTAGE _. 

iiiiET • c:== · ~7 
iiiiffiiiiiiij • 

TOPVEW 

D Package' 

NON IIM!R11NG 
FEEDBACK VOLTAGE 1 

INV&RI1NG 2 
FEEDBACK VOLTAGE -_. 

, OUI1'IITB 

iiiiiT • 
NON INVERtlNG 

CURRENT SENSE • 1 OUTPUT A -~8ENSE 

NC 

NOTE: 

TOPVEW 

1. SOL ID!I non-standard pinout 

c, 

DESCRIPTION AMBIENT TEMPERATURE ORDER CODE 

2O-pin Plastic SOL DIP o to +70·C SG3526D 

18-pin Cerdip o to +70·C SG3526F 

18-pin Plastic DIP o to +70·C SG3526N 
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Signetics linear Produc!s 

Switched-Mode Power Supply Control Circuit 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Vs Supply voltage 40 V 

Vc Collector supply voltage 40 V 

VIN Logic input voltage range, Pins 5, 8, 12 -0.3 to +5.5 V 

VIN Analog input voltage range, Pins t, 2, 6, 7 -0.3V to Vs V 

10 Output current ±250 rnA 

IREF Reference load current 50 mA 

liN Logic sink current 15 mA 

Po 
Package power dissipation (Plastic DIP)2 1.9 WI 

(SO), (Cerdip)2 1.4 WI 

Ts Storage temperature range -65 to +150 'C 

NOTES: 
1. Maximum junction temperature, TJMAX -150'C. Rating is for TA = 25'C. 
2. Plastic 8JA - 66'C/W; Cerdlp 8JA - 88'C/W; SO 8JA = 85'C/W. 

BLOCK DIAGRAM 

SYNc 
12 

v. 

CIROUND 
TO INTERNAL 

~ aRCUl11lY 

Figure 1 
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Signetlcs Unear Products Preliminary Specification 

Switched-Mode Power Supply Control Circuit SG3526 

DC ELECTRICAL CHARACTERISTICS All specs over operating junction temperature range, Vs - 15V, unless otherwise 
noted. 

TEST LIMITS 
SYMBOL CHARACTERISTICS 

PINS 
TEST CONDITIONS UNIT 

Min Typ Max 

Reterenca, Pin 18 

VREF Reference voltage 18 TJ = + 25°C 5.00 V 

Temperature stability 18 0.2 0.4 mVloC 

Total output variation 18 7.4V < Vs < 35V, 0 < IL < 10mA 4.85 5.00 5.15 V 

Une regulation 18 7.4V < Vs < 35V, IL = OmA 0.6 2 mVIV 

Load regulation 18 OmA < IL < 10mA 0.4 2.5 mVlmA 

Maximum output current 18 -25 -50 -100 mA 

Output noise voltage 18 10Hz E;;f E;; 80kHz 100 IlVAMS 

Low supply shutdown, Internal and Pin 5 

Comparator threshold voltage 3.8 4.2 4.8 V 

Hysteresis 0.2 V 

Reset voltage out 5 When shutdown for LOW Vs 0.2 0.4 V 

Reset voltage out 5 When not shutdown 2.4 4.8 V 

Reset sink current 5 When shutdown, VIL = 0.4V -190 -360 IlA 
Reset source current 5 When not shutdown, VIH = 2.4V -110 -200 IlA 

Oscillator, Pins 9, 10, 11 and SYNC, Pin 12' 

Minimum frequency range 9, 10, 11 & RT - 150k, Or - 20IlF, Ro - On 1.0 Hz 
12 

Maximum frequency range RT = 2k, Or s 300pF, Ro - on, 400 kHz 
TJ = 125°C 

Initial accuracy 9, 10 RT=4.12k, Or-O.OlIlF, Ro-on, 36 38 40 kHz 
TJ = 25°C 

Vcosc Voltage stability 9, 10 7.4V < Vs < 35V 0.02 0.04 %IV 

Tcosc Temperature stability 9, 10 0.04 0.06 %rC 

sawtooth peak voltage 10 Vs=35V 2.0 3.0 3.5 V 

Sawtooth valley voltage 10 Vs=7.4V 0.5 1.0 1.5 V 

Sync. in HIGH level 12 ISOURCE = 401lA 2.4 4.0 V 

Sync. in LOW level 12 ISINK = 3.6mA 0.2 0.4 V 

Sync. In bias current, HIGH 12 VIH= 2.4V -105 -200 IlA 
Sync. in bias current, LOW 12 VIL-0.4V -180 -360 IlA 
Min sync. in pulse width to 12 200 150 ns 
trigger 
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Signetics Unear Products Preliminary Specification 

Switched-Mode Power Supply Control Circuit SG3526 

DC ELECTRICAL CHARACTERISTICS (Continued) All specs over operating junction temperature range, Vs = 15V, unless 
otherwise noted. 

TEST LIMITS 
SYMBOL CHARACTERISTICS TEST CONDITIONS UNIT 

PINS Min Typ Max 

Error amp, Pins I, 2 and 3 

Vos Input offset voltage I, 2 2.0 10 mV 

Ie Input bias current 1,2 210 1000 nA 

los Input offset current I, 2 5 200 nA 

AVOL DC open-loop gain 1,2,3 60 66 dB 

VOH High output voltage 3 ISOURCE R 10011A 3.6 4.2 V 

VOL Low output voltage 3 ISINK = 10011A 0.11 0.4 V 

CMRR Cammon-mode rejection ratio 1,2,3 Rs-2k 70 110 dB 

PSRR Power supply rejection ratio 1,2,3 Vs - 10V to 20 V 90 110 dB 

Smail-signal bandwidth 1,2,3 1.0 MHz 

Feedback resistor range 2,3 50 1000 kn 

Output sink current 3 70 100 IIA 
Output source current 3 70 100 IIA 

PWM comparator, Internal and Pin 31 

Minimum duty cycle VCOMP= 0.4V 0 % 

Maximum duty cycle VCOMP= 3.6V 45 49 % 

Dead time accuracy RT=4.12k, Cr-O.Ol"F, RD=On 1.5 jlS 

Prop. delay, PWM comp to 250 ns 
output 

Bias current, duty cycle control 3 1 IIA 
Saktart, Pins 4 and 5 

Soft-start trip voltage 4 VRESET = 0.4V 22 50 mV 

Soft-start charge current 4 VRESET = 2.4V -180 -120 -85 IIA 
VLOW Reset voltage, OFF 5 ISINK - 3.6mA 0.2 0.4 V 

VHIGH Reset voltage, ON 5 ISOURCE = 4011A 2.4 4.0 V 

Reset bias current, HIGH 5 VIN=2.4V -110 -200 IlA 
Reset bias current, LOW 5 VIN=0.4V -200 -360 IIA 

Remote ON/OFF (shutdown), Pin 8 

Off (LOW) 8 ISINK = 3.6mA 0.2 0.4 V 

On (HIGH) 8 ISOURCE = 4011A 2.4 4.0 V 

Input current, shutdown HIGH 8 VIN=2.4V -100 -200 IIA 
Input current, shutdown LOW 8 VIN =O.4V -190 -360 IIA 
Delay to output(s) 8 400 ns 

Current limit comparator, Pins 6 and 7 

Cammon-mode range 6,7 Vs= 18V 0 15 V 

Sense voltage for Min duty cycle 6,7 70 100 140 mV 

Input bias current 6,7 VCM = OV to 15V -3 -20 IIA 
Voltage gain 6,7 68 dB 

Delay to outputs 6,7 100mV overdrive 700 ns 
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Signettcs Unear Products Preliminary Speclflcatton 

Switched-Mode Power Supply Control Circuit SG3526 

DC ELECTRICAL CHARACTERISTICS (Continued) All specs over operating junction temperature range, Vs - 15V, unless 
otherwise noted. 

TEST LIMITS 
SYMBOL CHARACTERISTICS 

PINS 
TEST CONDITIONS UNIT 

Min Typ Max 

Output stage, Pins 13, 14 and 16 

ISOURCE - 20mA, Vc - 15V 12.8 13.5 V 

VOH High output voltage 13, 14, 18 IsoURCE ~ 100mA, Vc - 15V 12.5 13.3 V 

ISOURCE = 200mA, Vc = 15V 12.0 13.2 V 

ISINK = 20mA, Vc = 15V 0.15 0.3 V 

VOL Low output voltage 13, 14, 18 ISINK = 1OOmA, Vc = 15V 1.25 1.8 V 

ISiNK = 2oomA, Vc = 15V 2.20 3.00 V 

Output leakage 13, 14, 16 Vc=4OV 45 100 jIA 

ISINK Max 13, 14, 16 Vc -15V 200 250 mA 

ISOURCE Max 13, 14, 16 Vc-15V 200 250 mA 

tR Rise time 13, 14, 16 CL = 10oopF, Vc= 15V 300 ns 

CL - OpF, Vc - 15V 50 ns 

iF Fall time 13,14,16 
CL = 1000pF, Vc = 15V 200 ns 

CL = OpF, Vc = 15V 50 ns 

Supply current 

Icc Shutdown LOW 17 7.4V < Vs < 35V, fosc = 40kHz 18 30 mA 

Operating frequency for cycle-by-cycle operation of all protect features 

Maximum frequency 400 500 kHz 

NOTE: 
1. lose = 40kHz (RT = 4.12k, Or - O.01"F, RD - 00) unless otherwise noted. 

RECOMMENDED OPERATING CONDITIONS 

LIMITS 
SYMBOL PARAMETER UNIT 

Min Max 

Vs Logic supply voltage 7.4 35 V 

Vc Collector voHage 4.5 35 V 

10 Output load current 0 ±200 mA 

IL Reference load current 0 10 mA 

fose Oscillator frequency 1Hz 400 kHz 

Rt Oscillator timing resistance 2 150 kn 

Ct OSCillator timing capacitance 150pF 20 p.F 

DT Programmed dead time 3 50 % 

TA Ambient temperature range 0 +70 ·C 

TJ Junction temperature range 0 +125 ·C 

February 1987 8-196 



Slgnetlcs linear Products 

Switched-Mode Power Supply Control Circuit 

THEORY OF OPERATION 

Internal Reference 
The internal reference is capable of maintain
ing 1 % accuracy over the specified operating 
temperature range. The reference voltage is 
5.00V at Pin 18. Short-circuit current is typi
cally 50mA. The reference output remains 
stable within 30mV over an input range of 8 to 
35V. Complete regulation characteristics ver
sus line and load (see Figure 1) are listed in 
the Electrical Characteristics section of the 
data sheet. The maximum recommended 
load on the reference supply is 20mA. 

THE RAMP OSCILLATOR 
The ramp oscillitor is a self-sustained, fixed
frequency circuit with programmability provid
ed by selecting the value of an external 
resistor and capacitor as shown in Figure 2. 
An internal current source is set by the 
resistor Rt to a certain value of charging 
current sufficient to generate a stable ramp 
over a range of 1 Hz to 400kHz. 

THE ERROR AMPLIFIER 
The error amplifier is a transconductance
type with open-loop unity gain bandwidth of 
1 MHz. Typical source/sink current is 1001lA. 
Open-loop DC gain is 68dB with a single 
dominant pole at 500Hz. (See Figure 3 for 
detailed response.) Compensation is 
achieved by simple 'C' (100pF) or RC net
work for lag-lead compensation. This network 
is placed in shunt to ground from Pin 3 (refer 
to Figure 4). Common-mode voltage is 5V for 
a standard positive supply and ground for 
negative supply. 

The Pulse Width Modulator 
The pulse width modulator consists of a high
speed comparator with non-inverting input 
tied to the ramp generator and inverting input 
driven by the error amplifier output. (See 
Figure 5.) The rasultant output forms a gated 
input to the metering flip-flop of which the '(l' 
output feeds the 'R' input on the memory 
latch, and 'Q' output enables the main output 
gates (G2, G3). Alternate half-cycles are then 
enabled at the output (Pins 13 and 16) by the 
action of the toggle flip-flop. Initiation of the 
beginning of each half of the duty cycle is 
triggered by the start of the ramp, and termi
nation occurs at the point in time where error 
output meets ramp voltage. It is with this 
sequence of control events that glitch-free 
output is guaranteed. 

Pulse delay times in the PWM loop are 
specified in the data sheet. Maximum operat
Ing frequency must take such delay times into 
account In order to guarantee reliable func
tioning of the controller under a closed-loop 
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condition. The Signetics SG3526 is rated at a 
typical maximum frequency of 500kHz. 

PWM GAIN 
The DC gain of the pulse width modulator is 
determined by the ratio of input voltage to the 
primary power switching circuit to the active 
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ramp voltage differential. This is given as 
3.6V and O.4V with a differential of 3.2V. 

Example: 
The DC supply voltage to the power convert
er is 48V. 

48 
Therefore, PWM Gain = - = 15 

3.2 
(For further information on loop response 
calculations, please refer to references 1, 2.) 

THE OUTPUT DRIVER STAGE 
The output driver circuit has been carefully 
designed to prevent cross-conduction current 
spikes by eliminating any overlap conduction 
within the totem-pole structure. The source 
and sink capacity is rated at 200mA. In 
addition, supply voltage on the driver transis
tors is rated at 35V with no risk of destroying 
the IC due to excessive power dissipation. 
Note the output waveform in Figure 6 shows 
a full 10V drive level at the rated 200mA load 
current. This capability means that a Power 
MOS gate capacity of 4000pF can be driven 
with a voltage rise time of O.2j.tS for a 10V 
output. 

PROTECTIVE FUNCTIONS 

Dead Time Control 
The dead time control circuit, incorporated as 
an integral part of the ramp oscillator, is 
provided to allow the deSigner the ability to 
control the minimum off time between alter
nate half-cycles. (See Figures 7 and 8.) The 
value of Ro, as shown in the graph, allows the 
programming of this delay time from a mini
mum (Pin 11 grounded) of 1.5j.tS to a maxi
mum of 9.7 j.tS for a resistance of 220 tied 
from Pin 11 to ground (Figure 8b). Obviously, 
dead time in the oscillator must conform to 
the limitations imposed by the operating fre
quency. 

Overcurrent Limit 
The overcurrent limit function is an integral 
part of the PWM circuit and, as such, inputs 
on Pins 6 and 7 will control the cycle-by-cycle 
operation of the output stage on both halves 
of the duty cycle. The overcurrent comparator 
is specifically deSigned to propagate a high
speed shutdown signal to turn off the output 
metering flip-flop in the event of an overcur
rent of predetermined magnitude. The over
current sense inputs must be treated with 
care in respect to lead length and shunt 
capacity in order to obtain the maximum 
speed of response. Some typical circuit con
figurations are shown in Figure 9a. Note that 
either Pin 6 or 7 maybe used as threshold 
reference voltage anywhere within the com
mon-mode voltage range of the ocmparator. 
As shown, a simple technique is to ground Pin 
6 and to program Pin 7 high (;;. 100mV) for 
shutdown. Very little noise immunity is allow-

• 
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Figure 4. Loop Compensation 

Figure 5. PWM 
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Switched-Mode Power Supply Control Circuit SG3526 

ed In this case. An improved method is to set 
Pin 6 at some positive voltage level (such as 
+ 2.5V) and thus provide an average noise 
threshold of 2.5V + t OOmV as shown in 
Figure 9b. This particular circuit provides a 
considerable improvement In noise immunity. 
Note that care must be taken in providing a 
low impedance reference at Pin 6. The over
current sense comparator provides a typical 
hysteresis of 20mV with a threshold of 
100mV (Figure 9c). The typical delay time to 
deactivate the output drive is 700ns at 
TJ - 25°C rising to 1200ns at TJ = 125°C. 

Soft-Start 
This circuit provides a programmed ramp-up 
of the duty cycle at power-on, after remote 
shutdown (reset Pin 5) or low supply sense. A 
capacitor from Pin 4 to ground is charged 
towards the turn-on threshold by a 10011A 
source. Time constants for various values of 
capacitance are plotted for the designer's 
convenience as shown in Figure 10. The soft
start function Is inititated by holding the reset 
below 0.2V which causes C to discharge. The 
Reset function, when low, also holds the error 
amplifier output low, Initiating a minimum duty 
cycle at the output drivers. Low voltage shut
down occurs when Vs (Pin 17) drops below 
4.0V. 

vc 

Sl.. +lOV 

Figure 6. Output Stage 

February 1987 

External Synchronization 
An external sync pulse may be injected into 
Pin 12 in order to provide synchronous opera
tion of a switched-mode controller as shown 
in Figure 11. The required voltage level is 
active LOW with a threshold of 0.4V typical 
and a minimum pulse width of 150ns. A 
periodic signal at a rate approximately 10% 
higher than the free-running frequency of the 
ramp oscillator Is required. 

THERMAL CONSIDERATIONS 
The power dissipation of the SG3526 must be 
considered in the design procedure in order 
to insure operation within the allowable de
vice limits, particularly when maximum oper
ating frequency is desired. The graph provid
ed in Figure 12 will serve as a guide to staying 
within the device thermal limits in any design. 
Device dissipation is de1ennined by summing 
all of the various current-voltage products, 
both pulsed and DC, noting the package type 
and the ambient operating temperature, then 
plotting this total device power on the respec
tive derating graph. 

UNDERVOLTAGE LOCKOUT 
Should supply voltage in Pin 17 drop low 
enough to affect the internal reference regu-

lator, an output Inhibit circuit is activated. In 
addition, the voltage on Pin 5 (Reset) will be 
brought to a low state in order to signal 
remote sensing indicators. This characteristic 
is shown graphically in Figures 13a and b. 

SYMMETRY CORRECTION 
Should an extemal symmetry monitoring and 
correction circuit be required where drive 
unbalance may be critical, Pin 8, the shut
down function, is available to program either 
half of the output cycle off. This is accom
plished by applying a TIL low signal with a 
pulse synchronized to the clock frequency. 
Keep in mind that the typical delay from Pin 8 
is either output before shutdown is 400ns. 

DOUBLE PULSE PROTECTION 
The memory flip-flop must be reset by the 
PWM signal. This set-reset sequence pro
vides insurance that alternate sync pulses 
initiate alternate A-B output cycle, preventing 
double pulses at the output. 

CAUTION: Supply Decoupling -
Pin 17, the supply input to the internal regula
tor, should be decoupled from Pin 14 in order 
to prevent pulsed SWitching currents from 
interacting with outputs. 

Figure 7 
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CA,l983. 

2. Stability Analysis Made Simple, H. Dean 
Venable; Venable Industries, Rancho Palos 
Verdes, CA, 1981. 
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Signetics TEA1039 
Control Circuit for Switched
Mode Power Supply 

Linear Products 

DESCRIPTION 
The TEA 1039 is a bipolar integrated 
circuit intended for the control of a 
switched-mode power supply. Together 
with an external error amplifier and a 
voltage regulator (e.g., a regulator diode) 
it forms a complete control system. The 
circuit is capable of directly driving the 
SMPS power transistor in small SMPS 
systems. 

ORDERING INFORMATION 

Product Specification 

FEATURES 
• Wide frequency range 
• AdJuetable Input sensItIvIty 
• Adjustable mInImum frequency or 

maxImum duty factor limIt 
• Adjustable overcurrent protection 

lImIt 
• Supply voltage out-of-range 

protection 

• Slow-start facIlIty 

APPLICATIONS 
• Home appliances 
• Frequency regulatIon 
• Flyback converters 
• Forward converters 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

9-Pin Plastic SIP -25DC to + 125DC TEA1039U 

November 14, 1988 8-203 

PIN CONFIGURATION 

UPackege 

lOP VIEW 
"" ..... 

PIN NO. SYII80L DESCIlIPTION 
eM Over<:urrent proIecIIon inpul 
LIM Limit setting inpul 
FB Feedback Inpul 
RX Exlemal 1901_ connection 
ex ExtemaI capacitor connection 
M Mode input 
Vee Common 
Q Output 
Vrx; Positive supply connection 
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Control Circuit for Switched-Mode Power Supply 

BLOCK DIAGRAM 

Vee OUT OF RANGE 

CMOo!.iI-----I 

M~~------------------.-------~L-J 

UM~I-""'-_-I 

FB 3 

1.3V 
-0.251 .. 

ex 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Vcc Supply voltage range, voltage source -0.3 to +20 V 

Icc Supply current range, current source -30 to +30 rnA 

VI Input voltage range, all inputs -0.3 to +6 V 

II Input current range, all inputs -5 to +5 rnA 

Ve-7 Output voltage range -0.3 to +20 V 

Output current range 
Ie output transistor ON o to 1 A 
Ie output transistor OFF -100 to +50 rnA 

TSTG Storage temperature range -65 to +150 DC 

TA Operating ambient temperature range -25 to +125 DC 
(see Figure 1) 

Fo Power dissipation (see Figure 1) max. 2 W 
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Control Circuit for Switched-Mode Power Supply TEA1039 

DC AND AC ELECTRICAL CHARACTERISTICS VCC - 14, TA a 25°C, unless otherwise specified. 

SYMBOL PARAMETER MIN TYP MAX UNIT 

Supply Vee (Pin 9) 

Vcc Supply voltage, operating 11 14 20 V 

Supply current 
Icc at Vcc-11V 7.5 11 mA 
Icc at Vcc = 20V 9 12 mA 

.11cc1lcc 
variation with temperature 

.1T 
-0.3 %rC 

SUpply voltage, intemally limited 
Vcc at Icc-3OmA 23.5 28.5 V 
.1Vcc/ .1T variation with temperature 18 mVloC 

VCCrnln Low supply threshold voltage 9 10 11 V 
.1Vcc/ .1T variation with temperature -5 mVrC 

VCCmax High supply threshold voltage 21 23 24.6 V 
.1Vcc/ .1T variation with temperature 10 mVloC 

Feedback Input FB (Pin 3) 

V37 
Input voltage for duty factor = 0; 

0 0.3 V 
M input open 

-IFB Internal reference current 0.51RX mA 

Rg Internal resistor Rg 130 kn 
Umlt .ettlng Input UM (Pin 2) 

V27 Threshold voltage 1 V 

-ILiM Internal reference current 0.25 IRX mA 

Ovarcurrent protection Input eM (Pin 1) 

V17 Threshold voltage 300 370 420 mV 
.1Vl 7/.1T variation with temperature 0.2 mVloC 

tpHL Propagation delay, eM input to output 500 ns 

OecIliator connection. RX and ex (Pins 4 and 5) 

Voltage at RX connection 
V47 at -14-0.15 to 1mA 6.2 7.2 8.1 V 
.1V4 7/.1T variation with temperature 2.1 mVloC 

VLS Lower sawtooth level 1.3 V 

VFT 
Threshold voltage for output H to L transition in F 

2 V 
mode 

VFM Threshold voltage for maximum frequency in F mode 2.2 V 

VHS Higher sawtooth level 5.9 V 

-lex Internal capacitor charging current, CX connection 0.25 lAX mA I 
lose 

Oscillator frequency (output pulse repetition 
1 105 Hz 

frequency) 

Minimum frequency in F mode, 
.1ftl initial deviation -10 10 % 
41/1 

.1T 
variation with temperature 0.034 %rC 

Maximum frequency in F mode, 
.1f1f initial deviation -15 15 % 
.11/f 

variation with temperature %rC - -0.16 
4T 
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Control Circuit for Switched-Mode Power Supply TEA1039 

DC AND AC ELECTRICAL CHARACTERISTICS (Continued) vee - 14, TA - 25°C, unless otherWise specified. 

SYMBOL PARAMETER MIN 

OUtput LOW time in F mode, 
alit initial deviation -15 
alit 

aT 
variation with temperature 

Pulse repetition frequency In 0 mode, 
afll initial deviation -10 
afll - variation with temperature 
aT 

Minimum output LOW time in 0 mode 

~tJrln at Cs-3.6nF 

- variation with temperature 
aT 

Output Q (Pin 8) 

Vs 7 OUtput voltage LOW at Is - lOOmA 
avs 7/aT variation with temperature 

Vs 7 Output voltage LOW at Is = I A 
avs 7/aT variation with temperature 

FUNCTIONAL DESCRIPTION 
The TEAl 039 produces pulses to drive the 
transistor in a switched-mode power supply. 
These pulses may be varied either in frequen
cy (frequency regulation mode) or in width 
(duty factor regulation mode). 

The usual arrangement Is such that the tran
sistor in the SMPS is ON when the output of 
the TEAI039 is HIGH, i.e., when the open
collector output transistor is OFF. The duty 
factor of the SMPS is the time thet the output 
of the TEAl 039 is HIGH divided by the pulse 
repetition time. 

Supply Vee (Pin 9) 
The circuit is usually supplied from the SMPS 
that it regulates. It may be supplied either 
from its primary DC voltage or from its output 
voltage. In the latter case an auxiliary starting 
supply is necessary. 

The circuit has an Internal Vee out-of-range 
protection. In the frequency regulation mode 
the OSCillator is stopped; In the duty factor 
regulation mode the duty factor Is made zero. 
When the supply voltage returns within its 
range, the circuit Is started with the slow-start 
procedure. 

When the circuit is supplied from the SMPS 
Itself, the out-ot-range protection also pro
vides an effective protection against any 
interruption in the feedback loop. 

Mode Input M (Pin 6) 
The circuit works In the frequency regulation 
mode when the mode input M is connected to 
ground (VEE, Pin 7). In this mode the circuit 
produces output pulses of a constant width 
but with a variable pulse repetition time. 

The circuit works In the duty factor regulation 
mode when the mode input M is left open. In 

November 14, 1986 

this mode the circuit produces output pulses 
with a variable width but with a constant pulse 
repetition time. 

OSCillator Resistor and 
Capacitor Connections RX and 
CX (Pins 4 and 5) 
The output pulse repetition frequency is set 
by an oscillator whose frequency is deter
mined by an external capacitor C5 connected 
between the CX connection (Pin 5) and 
ground (VEE, Pin 7), and an external resistor 
R4 connected between the RX connection 
(Pin 4) and ground. The capacitor C5 is 
charged by an internal current source, whose 
current level is determined by the resistor R4. 
In the frequency regulation mode these two 
external components determine the minimum 
frequency; in the duty factor regulation mode 
they determine the working frequency (see 
Figure 2). The output pulse repetition fre
quency varies less than I % with the supply 
voltage over the supply voltage range. 

In the frequency regulation mode the output 
is LOW from the start of the cycle until the 
voltage on the capacitor reaches 2V. The 
capacitor is further charged until its voltege 
reaches the voltage on either the feedback 
input FB or the limit setting input LIM, provid
ed it has exceeded 2.2V. As soon es the 
capacitor voltage reaches 5.9V the capacitor 
is discharged rapidly to 1.3V and a new cycle 
is initiated (see Figures 3 and 4). 

For voltages on the FB and LIM Inputs iower 
than 2.2V, the capacitor is charged until this 
voltage is reached; this sets an internal maxi
mum frequency limit. 

In the duty factor regulation mode the capaci
tor is charged from 1.3V to 5.9V and dis
charged again at a constant rate. The output 

8-206 

TVP MAX UNIT 

15 % 

0.2 %/oC 

10 % 

0.034 %/oC 

I jlS 

0.2 %I"C 

0.8 1.2 V 
1.5 mV/oC 

1.7 2.1 V 
-1.4 mVloC 

is HIGH until the voltage on the capacitor 
exceeds the voltage on the feedbeck input 
FB; it becomes HIGH again after discharge of 
the capacitor (see Figures 5 and 6). An 
internal maximum limit is set to the duty factor 
of the SMPS by the discharging time of the 
capacitor. 

Feedback Input FB (Pin 3) 
The feedback input compares the input cur
rent with an internal current source whose 
current level is set by the external resistor R4. 
In the frequency regulation mode, the higher 
the voltege on the FB input, the longer the 
external capacitor C5 is charged, and the 
lower the frequency will be. In the duty factor 
regulation mode external capacitor C5 is 
charged and discharged at a constant rate, 
the voltage on the FB input now determines 
the moment that the output will become 
LOW. The higher the voltage on the FB input, 
the longer the output remains HIGH, and the 
higher the duty factor of the SMPS. 

Limit Setting Input LIM (Pin 2) 
In the frequency regulation mode this input 
sets the minimum frequency, in the duty 
factor regulation mode it sets the maximum 
duty fector of the SMPS. The limit is set by an 
external resistor R2 connected from the LIM 
input to ground (Pin 7) and by an internal 
current source, whose current level is deter
mined by external resistor R4. 

A slow-start procedure Is obtained by con
necting a capacitor between the LIM Input 
and ground. In the frequency regulation mode 
the frequency slowly decreeses from fMAX to 
the working frequency. In the duty factor 
regulation mode the duty factor slowly In
creases from zero to the working duty factor. 
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Control Circuit for Switched-Mode Power Supply 

Overcurrent Protection Input 
eM (Pin 1) 
A voltage on the eM input exceeding O.37V 
causes an immediate termination of the out
put pulse. In the duty factor regulation mode 
the circuit starts again with the slow-start 
procedure. 

100 
80 
80 

Output Q (Pin 8) 
The output is an open-collector NPN transis
tor, only capable of sinking current. It requires 
an external resistor to drive an NPN transistor 
in the SMPS (see Figures 7 and 8). 

40 ...... 7\l 

20 

{10 
8 
8 

1 

~ ..... 
~ ~ ~, 

-,;:; 
~ 

:;::F ~ r-.;;~ 

3 4 6 8 10 20 40 80 80 100 
R4(l<Il) 

""',,,.. 
Figure 2. Minimum Pulse Repetition Frequency In the Frequency Regulation Mode, 

and Working Pulse Repetition Frequency In the Duty Factor Regulation Mode, 
as a Function of External Resistor R4 Connected Between RX and Ground with 

External Capacitor C5 Connected Between CX and Ground as a Parametar 
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Product Specification 

TEA1039 

The output is protected by two diodes, one to 
ground and one to the supply. 

At high output currents the dissipation in the 
output transistor may necessitate a heatsink. 
See the power derating curve (Figure 1). 

• 
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Control Circuit for Switched-Mode Power Supply 

-v .. 
-- 5.8V 

--2.2V 
Vex -- 2V 

l : v.. I I I 
---1--, --+ ---l-------t --1.3V 

'. btl-:Jid ~ 
NOTElio 
a. The voltages on Inputs FB or LIM are between 2.2V and 5.9V. The circuit is in Its normal regulation mode. 
b. The voltage on Input FB or Input UM io lower !hen 2.2V. The circu~ works at ~ _mum frequenoy. 
c. The voltages on inputs FB end UM are higher than 5.9V. The clrouit works at lis minimum frequancy. 

Figure 3. Timing Diagram for the Frequency Regulation Mode Showing the 
Voltage on External capacitor C5 Connected between CX and Ground and 

the Output Voltage as a Function of Time for 
Three Combinations of Input Signals 

-v .. 

VQ J 
rl .. ---- ---.-II+----b'--...... ~ 

WF'''''''' 
NOTES; 
L The ~.o on Inputs FB or UM are below 5.9V. The circu~ Is in ~ normal regulation range. 
b. The ~es on Inputs FB end LIM are higher !han 5.9V. The cIrouit produces ~ minimum output lDW time, giving 

the maximum duty factor of the SMPS. 

Figure 5. TIming Diagram for the Duty Factor Regulation Mode Showing the 
Voltage on External capacitor C5 Connected Batween CX and Ground and the 
Output Voltage as a Function of TIme for Two Combinations of Input Signals 
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TEA1039 

10 

40 

20 

C6~2.7nF 

. .., 

rrr 

./.. 

~ .~ 
b 

• 
Ir ..... b 

/V 

V 1...,.;11-

~ ~~ 

2 
34.81020 

R4(kO) 
40&0 

Of077'OS 

Figure 4. Minimum Output Pulse 
Repetition Time tulll (Curves a) and 
Minimum Output LOW TIme tOLmIn 

(Curves b) In the Frequency Regulation 
Mode as a Function of External 
Resistor R4 Connected Between 

RX and Ground with External 
Capacitor C5 Connected Between 
CX and Ground as a Parameter 

1.8 
V 

V 
1.2 

V 

j ~8 .... V 
V 

V 
0.4 

F 

0 
0 2 4 • 

C5 (nF) 
• _7S0S 

Figure 6. Minimum OUtput LOW TIme 
toLmln In the Duty Factor Regulation 

Mode as a Function of External 
capacitor C5 Connected Between CX 

and Ground. In This Mode the 
Minimum Output LOW. TIme Is 
Independent of R4 for Valuee 
of R4 Between 4kn and BOkn 
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Control Circuit for Switched-Mode Power Supply TEA1039 

NOTE: 
An Optoooupler CNX62 Is Used for Voltage Separation. 

Figure 7. Typical Application of the TEA1039 In a Variable-Frequency Flyback Converter Switched-Mode Power Supply 

• 
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Control Circuit for Switched-Mode Power Supply TEA1039 

NOTE: 
An Optoccuprer CNX62 Is Used for Voltage Seperatlon. 

Figure •• Typical Application of the TEA21039 In a Flxed·Frequency Variable Duty Factor Forward Converter 
Swltched·Mode Power Supply 
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DESCRIPTION 
The pA723/SA723C is a monolithic pre
cision voltage regulator capable of oper
ation in positive or negative supplies as 
a series, shunt, switching, or floating 
regulator. The 723 contains a tempera
ture-compensated reference amplifier, 
error amplifier, series pass transistor, 
and current limiter, with access to re
mote shutdown. 

ORDERING INFORMATION 

pA723 j723C jSA723C 
Precision Voltage Regulator 
Product Specification 

FEATURES 
• Positive or negative supply 

operation 
• Series, shunt, switching, or 

floating operation 
.0.01% line and load regulation 
• Output Yoltage adjustable from 

2V to 37V 
• Output currant to 1SOmA without 

external pass transistor 
• pA723 MIL-STD-883A, B, C 

available 

PIN CONFIGURATION 

D, F, N Packagee 

CURR!!NT LlMtT 2 

CURRINT IENI. J 

INVIRTING INPUT 4 

NONINVE~::~~ 5 

TOP VIEW 

13 'REOUINeY 
COUPEHllArlON 

12 y+ 

0012281 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

14-Pln Ceramic DIP 

14-Pin Plastic DIP 

14-Pln Plastic DIP 

14-Pin Ceramic DIP 

14-Pin Plastic DIP 

14-Pin Plastic SO 

EQUIVALENT CIRCUIT 

TEMPERATuRE 
COMPENSATED 

ZENER 

v-

December 2, 1986 

vOLTAGE 
REFERENCE 
AMPLI"IA 

- 55'C to + 125'C 

-55'C to + 125'C 

-40'C to +85'C 

o to 70'C 

o to 70'C 

o to 70'C 

INVI!:FITING 
INPUT 

pA723F 

pA723N 

SA723CN 

pA723CF 

pA723CN 

pA723CD 

v· 

CURRENT 
LIMIT 

IAAOA 
AMPLIFIER 

8-211 

FAI!QUENC't' 
COMPENSATION 

CURRENT 
SENSE 

CURRENT 
LIMiTeR 

Vc 

Vl 

'lOUT 

LDO'f8518 

853-1083 86704 

I 
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Precision Voltage Regulator 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Pulse voltage from V+ to V- (50ms) 

Continuous voltage from V+ to V-

Input-output voltage differential 

lOUT Maximum output current 

Current from VREF 

CulTent from Vz 

PMAl( Maximum power dissipation T A - 25'C (stili-air) 1 
F package 
N package 
o package 

TA Operating ambient temperature range 
"A723 
"A723C 
SA723C 

TSTG Storage temperature range 

TSOLO Lead soldering temperature (10sec max) 

NOTE: 
I. The following derating factors should be applied above 2S"e: 

F peckage at 9.SmWrC 
N package at 11.4mWrC 
D package al 8.3mW'"C 

RATING UNIT 

50 V 

40 V 

40 V 

150 rnA 

15 rnA 

25 rnA 

1190 mW 
1420 mW 
1040 mW 

-55 to 'C 
+125 'C 
o to 70 'C 

-40 to +85 

-65 to "C 
+150 

300 "C 

DC ELECTRICAL CHARACTERISTICS T A = 25"C, unless otherwise specified. 1 

p.A723 
SYMBOL PARAMETER TEST CONDITIONS 

Min Typ 

Une regulation2 VIN = 12V to VIN -15V 0.01 
VIN -12V to VIN - 40V 0.02 

Load regulation2 IL -1mA to IL - 50mA 0.03 
f = 50Hz to 10kHz, ~EF = 0 74 

f = 50Hz to 10kHz, CREF - 5j.IF 86 

Short-circuit current limit Rsc -100. VOUT = 0 65 

VREF Reference voltage 6.95 7.15 

VNOISE Output noise voltage BW - 100Hz to 10kHz, CREF = 0 20 
BW=100Hz to 10kHz, CREF= 5j.IF 2.5 

Long-term stability 0.1 

Standby cUlTent drain IL - 0, VIN = 30V 2.3 

VIN Input voltage range 9.5 

Vour Output voltage range 2.0 

VOIFF Input-output voltage 3.0 
differential 

The following epecltlcatlons apply over the operating temperature ranges. 

Line regulation 

Load regulation 

TC Average temperature VIN -12V to VIN -15V 0.002 
coefficient IL -1mA to IL - 50rnA 
of output voltage 

NOTES: 

Product Specfficatlon 

pA723/723C/SA723C 

p.A723C/SA723C 
UNIT 

Max Min Typ Max 

0.1 0.01 0.1 %VOUT 
0.2 0.1 0.5 %VOUT 

0.15 0.03 0.2 %VOUT 
74 dB 
86 dB 

85 rnA 

7.35 6.80 7.15 7.50 V 

20 IlVRMS 
2.5 IlVRMS 

0.1 %/1000 hrs. 

3.5 2.3 4.0 rnA 

40 9.5 40 V 

37 2.0 37 V 

38 3.0 38 V 

0.3 0.3 %VOUT 

0.6 0.6 %Vour 

0.015 0.003 0.015 %I'C 

I. VIN -V+ -Vc·12V, V- - OV, VOUT- 5V, IL -lmA, Rsc -0, C, -IOOpF, ~EF - 0 and divider impedance as a.n by error amplifier < IOkSl. 
2. The load and line regulalion epeclflca1lons are for constant Junction temperature. Temperature dr1fl effects must be taken Into acoount eeparately when 

the un~ Is operating under conditions 01 high dissipation. 
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Precision Voltage Regulator 

TYPICAL PERFORMANCE CHARACTERISTICS 

Standby Current Dreln 
as a Function of Input Voltage 

1.0 

o 
o 

I VOUT-VHf l-
I IL-O 

TA- -51-C '._O·C 
T._ +25·~~ 

r-

~ ~ ... - .•. 
~~ P'" 

~::>" :'c k - I ,- I-
T,,_ +70·C TrriOC 

I 
10 20 30 .. so 

INPUT VOLTAGE - V -
Current Limiting 

Charecterlstlca as a 
Function of Junction 

Temperature 

> 0-1 r-r-~'-..,-'--.--.--'---r--' zoo , 
i 0.7 t7:...,.r-.... 

i 
1M 0-1 

-+-+-+-+-+-1110 

i 
t: 0.5 t-' ..... ;1:-+-++-+-+~:-+-I1O 
~ 

I ... f-+-+-+-++-+-+-+-+-l 4D 

o.a~::--'-:---'-~-'--:'::--'--:'::-' 

Load Transient Response 

~ LOAD CURRENT 
+10 

I ~ I I \ 
z e {1 I I 1\ 
~ 
~ 4.0 .. OUTPUT VOLTAGE i-r--r--r-... 
1M 

I 
~ 

-4.0 

.. 

I I 
I I II 

VIN- +12V I" - VOUT- +SY 
- ",_4DInA 

",,-0 
-1.0 

-5 15 21 II 41 

Decamber2. 1988 

zoo 

110 

1 120 , 
; 10 ... 

.. 
o 

zoo 

1 110 , 
i ~ 120 

!!l ~ 
U :II 10 

I'" 
t: 

Maximum Load Current 
as a Function of 

Input"()utput Voltage 
Differential 

TJMAX·150°C 
RTK • 15D-CtW 
'STANDBY _eomw 

T METAL CAN PACKAGE 

\ 
(NO HEAT SINK) 

~ TA- +26-C 
lA- +70-C , 

i--"' :;IT,,- + 125-C 

t~ I'- V / 
K ~ 

!'. 
...... -

o 10 20 30 .. 
(YIN - Vourl - v 

Maximum Load Current 
as a Function of 

Input-Output Voltage 
Differential 

TJMAX-150°C 
ATH • 111°C/W 

f--

so 

-
'STANDBY III 80mW --, DIP PACKAGE 

_\ 
(NO HEAT SINK) -

t::~:: :::g -
\~ 

----I ~ 
TA=t+12S0C. _ 

" ! .. \i ~ 

~ /~ 

o 
o 

....... 
10 

-~ 
20 30 40 so 

(VIN - Your) - Y .. , ..... 

+0.3 

.. +0.2 

1~ '.,. 
~ I +0.1 
;::z 
~e 

~S .. ::. c .. 
9 i:! -0.1 

-0.2 

Line Regulation a8 a 
Function of Input..()utput 

Voltage Differential 

YOUT- +SY 
Rsc·O 
TA- +2S0C 
.1VIN- +3Y 
IIL-1mA 

...... 

-5 15 25 II 

(YIN - YOUT) - v 

8-213 

r-
f--

r-

45 

S 
~ 
#-, 
z 

5 ::. 
Ii! a: 

Product Specification 

p.A.723/723C/SA723C 

+0.1 

J 
~ -0.1 

~ 5 -0.2 

~ 
a:: -0.3 

-D.' 

+0.05 

-o.OS 

-0.1 

-0.15 

-0.2 

o 

Load Regulation 
Characteristics with 

Current Limiting 

YOUT-SV,VIN- +12V 
AIc·100 

....... TA- -55-C 

~ ~ V /!A- +25°C 
TA- +70-C 

~ ~ TAo'"" + 125°C 

\ \\ 
\X '" 

1._0·C 

'\'~ 
II VI 

\ 
20 .. 80 10 100 

OUTPUT CURRENT - mA 

Load Regulation 
Characteristics WIthout 

Current Limiting 

I YOUT" +5Y 

I 
YIN_+12V 
Asc-O -

~ :::::, I"- ..... -l"-
t,;:: ~ 

TA= +70·C ~ />~ -
TA= +25·C r-/ V ~ - TA=O·C 

f-' TA- + 125·C f-:-:- r-... - TA- -55·C 

+tJ 

20 40 10 10 100 

OUTPUT CURRENT - mA 

Output Impedance as 
a Function of Frequency 

" , 
~ 
Z 

~ 
1M .. 
! .. 
::. .. .. 
::. 
0 

10 

r-Vo- +5V 
r- YIN- +12V 

Rsc"'O r- TA= +25·C 

I .• r.I,-SOmA 

0.1 

.01 
100 lk 

i' 

1011 

FREQUENCY - Hz .. ,-

~ (" 

C,.1"F 

1M 

I 
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Precision Voltage Regulator pA723/723C/SA723C 

TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 

Une Tranllent R .. pon .. 

INPUT VOLTAGE 

II I I I 
~ 
I 

II I I 1 
I I I 

OUTPUT VOLTAGE I 
./ - r-.. 

"" 
~ 
;! 
g 
~-2.o 
o 

- • .0 
-5 15 25 35 

TIME-II' 

• . 0 

2.0 

0 

-8.0 
45 _ .. 

TYPICAL APPLICATIONS 

V'N 

v· 

VAEF 

At 

N.1. 

V-
cmr A, 

..". ..". 

NOTE8I 

VOUT - [VREF X ~] 
R,+Rz 

COMP 

l00pF 

R,R, 
R, - -- for minimum temperature drift 

Rt+1\o 

; 
I 

~ 
i .. 
" ~ 
~ ... 
i! 
! 

+0.2 

~ +0.1 

~ 
~ 
I 
z 
9 
9 -0.1 

" 
; -0.2 

-0.3 

Load Regulation .. a 
Function of Input-Output 

Voltage Differential 

YIN- +12Y 
Your- +5V 
1Ise-0 
TA- + 25-C 
IL-1mA TO IL=lOmA - i" 

-5 15 25 35 45 

(VIN - Your) - V 

VREF 

A. 

v-
R, Rt 

Current Limiting 
Characteristics 

1.2 r-"r-r-..-..-r-r-r--r-........ 

> 
I ,.ol-i-i-+-+-k-... rrt-i 
~ --c-- .-+-HHt-+-+--t--I 
~>~ 0.1 

I 0.8 

0.' 

0.2 

0 

VOUT 

Vz 

-,- ···+-InH-t-+-H 

0 

TAw -12S·C 
TA- +~·c . __ 
T,,_ +25·C -
T .. _O·C 
~A·I-fi51·C I' 

~:u;:!~v I 
lise = 100 

20 40 10 10 

OUTPUT CUAAENT - rnA 
OPt_ 

T, 

100 

L-_ ..... _ ..... _____ -+-4_ .. ~~~~~~TEO 

NOTE: 

Low Voltage Regulator (YOUT = 2 to 7V) Negative Voltage Regulator 
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Precision Voltage Regulator 

TYPICAL APPLICATIONS (Continued) 

V,N 

csl------+ 
N.I. 'nv 

v-

"]--WI.--<> LOGIC INPUT 

NOTE: 

Vour - [VREF X ~] 
R1 +R2 

2k!! 

Remote Shutdown Regulator With Current 
Umltlng (VOUT = 2 to 7V) 

V,N 

TC20100s 

'7.~-7c~~_-,~~~~-<~REGULATED I' OUTPUT 

NOTES: 

'KNEE '"" [VOUTRs + VSENSE (R3 + R~ 
Rsc R4 RSCR4 

Vour'" [VREF X R1 + R2] 
R2 

'SHORT CKT _ [VSENSE X Rs + Ftt1 
Roo R4 

Product Specification 

MA723j723CjSA723C 

V,N 

NOTES: 

Vour - [VREF X R1 + R2]; Rs'" R4 
R R R2 

R, - _'_2_ for minimum temperature drift 
R1+R2 

As may be eliminated tor minimum component count 

High Voltage Regulator (VOUT = 7 to 37V) 

16 

'4 

~ 12 

~ 
w 10 
~ 

·oc . ., .. 3~~ 

&OO!! 16K!! 

'KNEE 

/ ~ 8 
~ 
~ 6 

!; 4 
o 

/ 
/ 

/ 

o V"SHORTCKT 

o 10 20 30 40 

OUTPUT CURRENT IN rnA 

NOTES: 

~ =- :-:-_.":..V~OU,,,T-,I=sc,,-_...., -1 
As VSENSE(IKNEE -ISHORT CKT) 

50 60 

Foldback Current Umltlng Regulator (YOUT = 2 to 7V) 
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DESCRIPTION 
The UC1842 family of control ICs pro
vides in an 8-Pin mini-DIP the necessary 
features to implement off-line, fixed-fre
quency current-mode control schemes 
with a minimal external parts count. This 
technique results in improved line regu
lation, enhanced load response charac
teristics, and a simpler, easier to design 
control loop. Topological advantages in
clude inherent pulse-by-pulse current 
limiting. 

Protection circuitry includes built-in un
dervoltage lock-out and current limiting. 
Other features include fully-latched op
eration, a 1 % trimmed bandgap refer
ence, and start-up current less than 
1mA. 

These devices feature a totem-pole out
put designed to source and sink high 
peak current from a capacitive load, 
such as the gate of a power MOSFET. 
Consistent with N-channel power de
vices, the output is low in the OFF state. 

BLOCK DIAGRAM 

UC1842/2842/3842 
Current-Mode PWM Controller 
Preliminary Speclflestlon 

FEATURES 
• Low start-up current (<; 1mA) 
• Automatic feed-forward 

compensation 

• Pulse-by-pulse current limiting 

• Enhanced load respon88 
characteristics 

• Undervoltage lock-out with 6V 
hysteresis 

• Double pulse suppression 
• High current totem-pole output 

• Internally-trimmed bandgap 
reference 

• 500kHz operation 

PIN CONFIGURATION 

N, FE, D Packages 

COMPO' v ... Y,. 2 7 Vee 

1_ 3 • OUTPUT 

R,.'CT • S GROUND 

TOP VIEW 
00104108 

V~o--~-----1----~~----------------------~----------------~ 

GND o-::r....,. ......... ' L __ .J-D:>---"-; Sill 1 :..1-....,..--4-T------------+-t~ ::. 

CDMP 0-'+---------.1 

CU: ~~------------------------I 

""" .... 
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Current-Mode PWM Controller UC1842/2842/3842 

ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

8-Pin Plastic DIP o to +70'C UC3842N 

8-Pin Ceramic DIP o to +70'C UC3842FE 

8-Pin Plastic SO o to +70'C UC3842D 

8-Pin Plastic DIP -40 to +85'C UC2842N 

8-Pin Ceramic DIP -40 to +85'C UC2842FE 

8-Pin Plastic SO -40 to +85'C UC2842D 

8-Pin Ceramic DIP -55 to + 125'C UC1842FE 

8-Pin Plastic DIP -55 to + 125'C UC1842N 

ABSOLUTE MAXIMUM RATINGS1 

SYMBOL PARAMETER RATING UNIT 

Vcc Supply voltage (Icc < 30mA) Self-Limiting 

Vee Supply voltage 30 V 
(low impedance source) 

lOUT Output current ±1 A 

Output energy (capacitive load) 5 pJ 

Analog inputs (Pin 2, Pin 3) -0.3V to Vee 

Error amp output sink current 10 mA 

PD Power dissipation at T A";; 70'C 1 W 
(derate 12.5mW I"C for T A > 70'C) 

TSTG Storage temperature range -65'C to +150 'c 
TSOLD Lead temperature 300 'C 

(soldering, 10sec max) 

NOTE: 
1. All voltages are with respect to Pin 5. 

All currents are positive into the specified terminal. 

I 
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DC AND AC ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for 
-55 ..; T A ..; 125°C for UCI842; -25"; T A"; 85°C for UC2842; 
o ..; T A"; 70°C for UC3842; Vcc = 154; AT - 1 Okn; ~ = 3.3nF.) 

UC1842 
UC3842 

SYMBOL PARAMETER TEST CONDITIONS UC2842 UNIT 

Min Typ Max Min Typ Max 

Reference section 

VOUT Output voltage TJ-25°C,lo-lmA 4.95 5.00 5.05 4.90 5.00 5.10 V 

Line regulation 12";VIN ";25V 6 20 6 20 mV 

Load regulation 1 ";lo";20rnA 6 25 67 25 mV 

Temp. stability 1 0.2 0.4 0.2 0.4 mV/oC 

Total output variation Line, load, temp.l 4.90 5.10 4.82 5.18 V 

VNOISE Output noise voltage 10Hz";f";lOkHz, TJ - 25°C1 50 50 p.V 

Long-term stability TA -125°C, 1000 Hrs.1 5 25 5 25 mV 

Output short-circuit TA - 25°C -100 -130 -100 -130 mA 

OSCillator section 

Initial accuracy TJ = 25°C 47 52 57 47 52 57 kHz 

Voltage stability 12";Vcc";25V 0.2 1 0.2 1 % 

Temp. stability TMIN ";TA ";TMAX1 5 5 % 

Amplitude VPIN 4 peak-ta-peak 1.7 1.7 V 

Dlschsrge current 

Discharge current T1 = 25°C, 7.8 8.3 8.B 7.B B.3 B.B 
TMIN";T.";TMAX 7.5 9.0 7.6 9.0 rnA 

IBIAS Input bias current -0.3 -1 -0.3 -2 p.A 

AVOL 2";Vo";4V 65 90 65 90 dB 

Unity gain bandwidth 1 0.7 1 0.7 1 MHz 

PSAA Power supply rejection ratio 12";Vcc";25V 60 70 60 70 dB 

ISINK Output sink current VPIN 2 = 2.7V, VPIN 1 = I.tV 2 6 2 6 mA 

ISOURCE Output source current VPIN 2 = 2.3V, VPIN 1 - 5V -0.5 -O.B -0.5 -O.B mA 

VOUT High VPIN 2 - 2.3V, AL = 15k to ground 5 6 5 6 V 

Your Low VPIN 2 = 2.7V, AL - 15k to Pin B 0.7 1.1 0.7 1.1 V 

Current sense section 

Gain2,3 2.B5 3 3.15 2.B5 3 3.15 VIV 

Maximum input signal VPIN 1 = 5V2 0.9 1 1.1 0.9 1 1.1 V 

PSAA Power supply rejection ratio 12";Vcc ";25V2 70 70 dB 

IBIAS Input bias current -2 -10 -2 -10 p.A 

Delay to output TJ= 25°C1 200 400 200 400 ns 
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) (Unless otherwise steted, these specifications apply for 
-55';;;TA';;;125"C for UCI842; -25';;;TA';;;85"C for 
UC2842; 0';;; T A';;; 70"C for UC3842; Vcc = 15V"; 
RT - 10ka; ~ - 3.3nF.) 

UC1842 
UC3842 

SYMBOL PARAMETER TEST CONDITIONS UC2842 UNIT 

Min Typ Max Min Typ Max 

Output ssctlon 

ISINK-20mA 0.1 0.4 0.1 0.4 V 
IOL Output Low-Level 

ISINK - 200mA 2.2 1.5 2.2 V 1.5 

ISOURCE - 20mA 13 13.5 13 13.5 V 
IOH Output High-Level 

ISOURCE - 200mA 12 13.5 12 13.5 V 

tR Rise time TJ - 25"C, CL - lnF1 50 150 50 150 ns 

tF Fall time TJ - 25"C, CL -lnF1 50 150 50 150 ns 

Undervoltage lockout section 

Start threshold 15 18 17 14.5 16 17.5 V 

Min. operating voltage After tum on 9 10 11 8.5 10 11.5 V 

Total atandby current 

Start-up current 0.5 1 0.5 1 mA 

Icc Operating supply current VPIN 2 - VPIN 3 - OV 11 15 11 15 mA 

V cc zener voltage Icc = 25mA 34 34 V 

NOTES: 
1. These parameters, aHhough guaranteed, are not 100% tested In production. 
2. Parameter messured at trip point 01 latch with VPIN 2 - o. 
3. Gain defined as: ~ VPIN 1 

A - ~ VPIN 3; 0 <VPIN 3 <O.SV. 

4. Adjust Vee above the start threshold before setting at 15V. 

UNDERVOLTAGE LOCKOUT 

I 
Vee o-:7-j1_---'ho.. 

-:: lb=::=::i==:t-f t _" Vee 
10V 18V 

lDD6151S 

N~ 
During Undervoltage l.ock.Qut, the ou1put driver Is biased to a high Impedance state. Pin 6 should be shunted to ground with a bleeder .-tor to prevent activating the power switch 
With output leakago current. 
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ERROR AMP CONFIGURATION 

NOTE: 
Error AMP can source or sink up to O.5mA. 

CURRENT SENSE CIRCUIT 

COMP 

R 

elNDI 

I 

COMPI 

'----------l.D081t11S 

211 

R 

Preliminary Specification 

UC1842/2842/3842 

CURRENT 
8EN8E 

COMMIUIrOII 

L ___________ _ 

NOTE: 
Peak current (Is) Ie determined by tile Ioonula: 

1.0V 
Is MAX-A;' 

A small RC filter may be reqlured to suppress switch transients. 
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OSCILLATOR WAVEFORMS AND MAXIMUM DUTY CYCLE 

NOTES; 

___ ...... n rL INTERNAL CLOCK 

~INTERNALCLOCK 
WF17000S 

OsCIllator timing capacitor, Or, is charged by VAEF through RT and discharged by an internal current source. During the discharge time, the intomol clock signal blanks the output to the 
low state. Selection of RT and Or therefore determines both oscillator frequency and maximum duty cycle. Charge and discharge times are determined by the formulas: 
1e~0.55 RrCr 

( 0.OO63RT-2.7) 
~RrCrIn 0.0063 RT _ 4 

Frequency, thon, is: f - (Ie + tor' 

For Rr>5k f~~ 

TYPICAL PERFORMANCE CHARACTERISTICS 

February 1987 

OUtput Saturation Characteristics 

~~~~~~~a~~--~~I--~U~~U~U 
OUTPUT CURREN,!; SOURCE OR SINK (AI 

...".,. 
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100 

Error Amplifier Open-Loop 
Fraquency Responae 

45 

~ ~ /0 ~. 
o 

" ~ I, ~ 
'\\ 

-180 

:\ 
-20 -2211 

10 100 lK 10K 1_ 1M 10M 
FREQUENCY (Hz) 
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OPEN-LOOP LABORATORY TEST FIXTURE 

r-------1r--..... --------------.... ------------o vR., 

A l-----t--o Vee 

V,. 
31 

ISENSE 

~----------------_oGND 

TCl1660S 

NOTE: 
High peak currents associated with capacitive loads necessitate careful grounding techniques. Timing and bypass capacitors should be connected close to Pin 5 in a single point 
ground. The transistor and 5k potentiometer are used to sample the oscillator waveform and apply an adjustable ramp to Pin 3. 

SHUTDOWN TECHNIQUES 

NOTE: 

ISI!NSE I 

TO CURRENT 
SENSE RESISTOR 

L __ 

,1 
COMP I 

1 
1 
1 L ___ _ 

TC11880S 

Shutdown of the UC1842 can be accomplished by two methods; either raise Pin 3 above 1V or pull Pin 1 below a voltage two diode drops above ground. Either method causes the 
output of the PWM comparator to be high (refer to Block Diagram). The PWM latch Is reset dominant so that the output will remain low until the next clock cycle after the shutdown 
condition al Pins 1 and/or 3 is removed. In the examples shown, an externally-latched shutdown may be accomplished by adding an SCR which will be reset by cycling 
Vee below the lower UVLO threshold (10V). At this point all internal bias is removed, allowing the SeR to reset. 
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OFF-LINE FLYBACK REGULATOR 

4.7 1W 

'\IV 

UC1842 Vee 

211< .... ------
I 

21 

5Ik 
1W 

7 -, 
I 
I 

Preliminary Specification 

UC1842/2842/3842 

T1 

I, 27 

~ 
13 ':" 

l euR 
SEN 

I 
I 

R.,tCTI I 
OJIIpF 4o.0047pFl I 

L.----;;r.--J 
GN~ - -- -

NOTES: 
Tl: Coilcraft E-4140-B 

Primary - 97 turns 
single AWG 24 

Secondary - 4 turns 
4 parallel AWG 22 

Control - 9 turns 
3 parallel AWG 28 

SPECIFICATIONS 
Input line voltage: 

Input frequency: 

Switching frequency: 

Output power: 

Output voltage: 

Output current: 

Une regulation: 
Load regulation: 

February 1987 

90VAC to 130VAC 

50 or 60Hz 

40kHz±10% 

25W maximum 

5V±5% 

2 to 5A 

0.01%1V 
8%/A' 

1k 

0.85 

Efficiency @ 25 W, 
VIN-90VAC: 
VIN = 130V AC: 

ISOLATION 
BOUNDARY 

70% 
65% 

Output short-circuit current: 2.5A average 

NOTE: 
'This circuit uses a low-cost feedback scheme in 
which the DC voltage developed from the primary
side control winding is sensed by the UC1842 error 
amplifier. Load regulation is therefore dependent on 
the coupling between secondary and control wind
ings, and on transformer leakage inductance. For 
applications requiring better load regulation, a 
UC1901 Isolated Feedback Generator can be used 
to directly sense the output voltage. 
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SYNCHRONIZATION AND MAXIMUM DUTY CYCLE CLAMP 

5V 

L I. Vi 
RA RESET Vee r- 7_, 

----.! DISCH I I 

R.,te,.J 
I 

R. DUT 3 I 
NE565 41 UC1842 I 

~ 
I I 

TRIG I I 

--....! THRESH 
L_~_..1 

GND 
GND cr 1 '"'""- 10 OTHER 

UC18421 

TCl1100S 

NOTES; 

1.44 
1----

(RA+ 2ReJC 

RB o...x---
RA +2Rs 
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The last ten years have seen considerable 
progress in the development of the switched
mode power supply. Both design methods 
and associated hardware have been refined 
by experience and Intensive development. 
These improvements, especially In the under
standing of the influence of magnetic material 
and winding-conductor properties on SMPS 
operation, are reflected in the more straight
forward and complete design routines now 
available. The better understanding that 
made for the improved design routines has 
also resulted in improved core designs: the 
ETD range of ferrite cores. Furthermore, les
sons learned from experience In wound-com
ponent production have been applied to the 
design of the associated hardware, especil\lIy 
the coil former. The Improved core and coil 
former, together with specially-developed as
sembly hardware, form the ETD system. 

IMPROVED DESIGN ROUTINES 
ANl261 presents complete design routines 
for the magnetic components of all common 
versions of SMPS. Part 1 covers most as
pects of SMPS design, with emphasis on the 
Interaction between the electronic and mag
netic aspects. The basic electriesl relation
ships are given for forward, push-pull and 
flyback converters. Practical formulae are 
given for inductsnce and effectivs-current 
values. Auxiliary outputs and other special 
features are included in the coverage, as are 
related control aspects. All treatments are 
related to the magnetic design. 

The dete derived from Part 1 are used In Part 
2 to select a suitable ferrite core for the 
transformer. Here, the magnetic and thermal 
properties of ferrite cores are considered as 
they affect their suitability for a given applica
tion. InHiai selection of a suitable core is by 
means of charts showing the limits of perfor
mance to be expected at various frequencies. 
The optimum working conditions for cores In 
various transformer types are discussed, and 
a further chart enables this optimum to be 
determined. Wound transformer thermal char
acteristics are discussed, and formulae given 
for the losses in the core itself. 
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AN125 
Progress in SMPS MagnetiC 
Component Optimization 
Application Note 

SELECTING THE CORRECT 
CORE 
Most SMPS requirements can be satisfied by 
the range of cores currently available. The 
preferred grade of material for such high
frequency power applications is Ferroxcube 
3CB. 

Core Selection Charts 
Due to the wide variation in application condi
tions, the selection charts have been de
signed to indieste the range of operation of 
the cores. This Is done by using areas of 
throughput power as a function of frequency 
as shown in Figure 1. These are effectively 
areas of good design, since both boundaries 
represent the performance of a well-designed 
transformer. 

The upper boundary of each area corre
sponds to a transformer design operating at 
optimum flux density sweep, wHh maximum 
use of the winding window, and Litz-wire 
windings, for minimum AC resistance. The 
lower boundary corresponds to a transformer 
design that also operates at optimum flux 
density, but has optimized solid-wire windings 
incorporating Bmm creepage distance for IEC 
435 mains isolation, and with a demagneti8-
ing winding occupying one-third of the wind
ing space. 

Selection charts are given for push-pull, for
ward and flyback converter SMPS. However, 
the flyback converter charts are mainly in
tended as a cross-check on the design ob-

tained by the method given in Reference 4 for 
chokes. 

Operating Conditions 
Converter type has the largest influence on 
throughput power obtainable, but other fac
tors also influence performance, principally 

• flux-density sweep 
• winding configuration (Simple or split, for 

example) and 

• the presence of sensor or 
demagnetizing windings 

• the type of conductor used in the 
windings 

• the number of output windings required 
• mains insulation requirements. 

Generally, the selection charts assume worst
esse conditions. Operation at ambient tem
peratures lower than the 60·C assumed, the 
use of feed-forward to ease the restriction on 
peak flux-density (Y1.72 of saturation to allow 
for transient conditions), or heatsinking or 
potting to reduce thermal resistance, will all 
increase transformer power capacity. 

Flyback Transformers and 
Chokes 
Flyback converter transformers and output 
chokes are magnetically much the same: the 
main deSign requirement is stored energy, 
'Y212l, This is the basis of a separate design 
routine that includes winding design. This 
routine, using specially-developed design 

P",..----------, 

RANGE OF 
FOROOOD 
PIIACTICAL 

DESIGNS 

10 100 

Figure 1_ In the Core Selection Charts Given In ANl261, the Powe .... Handling 
Capabilities 01 Each Core are Plotted aa a Shaded Area Extending From 

10kHz to 100kHz_ The Vertlesl Boundaries of This Area are the Upper and 
Lower Umlte of Throughput Power Capacity Achievable by Good Design but 

Depending on Conductor Type and Insulation Requlremente. 
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charts, leads directly to spacer thickness and 
number of tums. 

OPERATING FLUX DENSITY 
For chokes and flybeck-converter transform
ers (which operate as chokes), stored energy 
Is the basis of the design (subject to the core 
not being driven into saturation). With forward 
and push-pull converter transformers, the 
operating flux-density (both AC and DC com
ponents) is set at the beginning of the design 
process. 

Forward and Push-Pull 
Converters 
The operating flux density in forward and 
push-pull converter transformers strongly in
fluences the overall volume of the transform
er. Thus, it is set at the beginning of the 
design process to as high a level as is 
practical. For forward converter transformers, 
this level is determined by transient protec
tion requirements or permissible core loss 
only. With push-pull converters, however, 
considerations of symmetry may dominate 
the choice. 

Both forward and push-pull converter trans
formers must be designed to accommodate 
rapid changes of load. This is done by intro
ducing a transient factor, usual symbol a, 
related to the range of input voltage for which 
the power supply is designed. A common 
value of a is 1.72. This is suitable for mains
fed supplies (215V to 370V or 200V to 340V), 
telephone supplies (40V to 70V), and mobile 
supplies (9V to 15.5V). 

Considerations of symmetry usually result in 
the value of a being multiplied by a further 
factor e for push-pull converter transformers. 
Asymmetry leads to core saturation, which in 
tum results in destruction of power switches. 
Principal causes of asymmetry are unbal
anced flux linkage in windings and unequal 
conduction times in switches. Where care has 
been taken to achieve balanced transformer 
windings, and protection circuitry is incorpo
rated to ensure equal conduction times, the 
value of e may be 1.15; that is, a is Increased 
from 1.72 to 2 for a typical core. Where 
unbalance is accepted, however, the value of 
e should be 2. (A list of the symbols used in 
this article, together with their definitions, is 
given as Table 1.) 

The use of feed-forward can considerably 
reduce the value of a required but at the 
expense of reduced transient response. 

In forward-converter transformers, core rema
nence should also be taken into consider
ation. (Remanence is the Induction remaining 
in a magnetized substance when the magne
tizing force has become zero.) However, the 
introduction of a small air gap In the core, and 
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b. Forward 
COnverter 

c. Flyback 
Converter 

Chokes 
•• Push-Pull 

Transformsrs 
(With Slow-Rise 

capacitor) or 
Ringing Choke 

Figure 2. Flux-Density Excursions and COrresponding Flux-DenBlty Sweeps 

the use of a slow-rise. capacitor allow the 
whole first quadrant of the core hystereSiS 
loop to be used. 

Figure 2 shows the maximum transformer 
flux-density sweeps for various converter 
types, and Table 2 gives the value of tran
sient factors a and e under various condi
tions. 

Optimum Flux-Density Sweeps 
Manipulation of the expression for the 
throughput power of an SMPS transformer 
shows that powsr reaches a maximum at a 
combination of operating frequency and flux 
density such that core loss is 44% of total 
loss. That is, when 

0 44 .AT _ 167 fl.3 B2.5 V 
• Rth . ..om 0 

Here, the right-hand part of the expression is 
the typical hystaresis loss of Ferroxcube 3C8 
ferrite. Since eddy current loss is neglected, 
this. expression applies only up to about 
100kHz. 

Using this expression, curves of B .. em, the 
peak flux-density sweep, have been derived 
for all Philips' SMPS transformer cores (See 
Figure 3). 

THERMAL RESISTANCE AND 
TEMPERATURE RISE 
The maximum permissible dissipation of a 
transformer or choke is set by its maximum 
operating temperature; ambient temperature 
and thermal resistance depend on core size, 
mounting method and attitude, the type of 
conductor in the winding and the amount of 
insulation Incorporated. Due to the insulating 
effect of the interleaving where 8mm creep
age distance is allowed for in the windings, 
two values are quoted for thermal resistance 
in AN1261 with and without creepage allow
ance. 

Results confirm that transformer temperature 
rise can be accurately calculated from the 
product of total transformer diSSipation and 
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thermal resistance for any ratio of core to 
winding loss. 

THE EFFECT OF OPERATING 
FREQUENCY 

Winding Properties 
Depending on frequency, the windings of an 
SMPS transformer fall into one of three cate
gories. At low frequencies, the available wind
ing-window height will be insufficient to ac
commodate minimum-loss ~deal) windings. 
At some higher frequency, fL' the height of 
minimum-loss windings becomes less than 
that of the winding window. Finally, at some 
higher frequency, fl' the number of turns 
required for the lowest-VOltage winding be
comes unity. 

Where the winding height is Insufficient for 
minimum-loss windings, winding loss is in
versely proportional to the squares of both 
flux-density sweep and operating frequency. 
At frequencies above fL winding loss be
comes inversely proportional to operating 
frequency. 

Flux-Density Sweep 
From the' considerations given earlier, it is 
apparent that at lower frequencies, operating 
flux density is limited by core saturation rather 
than loss. Above some frequency fr, the 
optimum operating flux-density (for maximum 
power) becomes less than the saturation
related maximum, and the flux-denslty sweep 
is limited by the requirement that (for Ferrox
cube 3C8) core loss Pc - 0.44 P,-OT, where 
P'-OT is the total permissible dissipation. 

Throughput Power 
These various aflects of operating frequency 
are combined to explain the observed varia
tion of SMPS transformer throughput power 
with operating frequency for Ferroxcube 3C8 
cores. Figure 4a shows the division between 
core and winding loss for an SMPS transform
er as a function of operating frequency. 
Frequencies fL' fr and fl' are marked. (Note 
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Table 1. List of Symbols 

SYMBOL 

Bac 

BCF 

f 

f, 

fL 

fr 

HCF 

L 

<Pav 

Pc 

/lc 

/IN 

Va 

a 

aT 

e 

NOTES: 
subacripts 

DEFINITION 

Flux·density sweep; half the peak-to-peak flux density excursion 

Coil former breadth 

Operating frequency 

The frequency at which the number of turns on the lowest-
voltage transformer winding becomes unity 

The lowest frequency at which the coil former height is 
sufficient to accommodate Ideal (minimum-loss) windings 

The frequency above which no useful increase In the 
throughputpower capacity of a transformer can be obtained 

Coil former height 

Choke inductance 

Average turn length 

Total transformer core loss 

Transformer or choke thermal resistance with winding creepage 
distance incorporated 

Transformer or choke thermal resistance for a winding without 
creepage distance 

Effective volume of a core 

RatiO of core saturation flux to working flux allowed: for 
transient response without saturation 

Temperature rise above ambient 

Unbalance factor 

e Effective value 
cp Pertains 10 center pole 

Table 2. Maximum Values of Flux-Density Sweep for Various 
Converter Types and Control Circuits 

UNIT 

T 

mm 

Hz 

Hz 

Hz 

Hz 

mm 

H 

mm 

W 

·C/W 

·C/W 

m3 

-
·C 

-

BOUNDARY CONDITIONS 
FLUX·DENSITY SWEEP Ba. cp (T) 

Forward Push·Pull 

Maximum sweep for FXC sce (100·C) 0.16 0.S2 

0.S2 0.S2 
At transient factor a - -

2a a 
0.S2 

With unbalance factor e* - -
ea 

0.S2 0.S2 
With x% feed-forward 

2 (1 + xii 00) (1 + xii 00) 

With unbalance factor e and x% 0.S2 -feed-forward E (1 + xll00) 

NOTE: 
• E Is the ratio of peak flux-density in a balanced oonverter to lhe paak !Iux-density in an unbalanced 
oonverter. 

that fL may, in fact, be higher than fr for some 
cores. This does not alter the main argu
ment.) In Region I, operating flux-density is 
limited by saturation considerations only, so 
that throughput power is roughly proportional 
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to frequency. Operation remains saturation 
limited Into Region II, but here power In
creases roughly as the root of the frequency. 
(This relationship Is complicated by the fact 
that average tum length decreases as Ideal 
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winding height decreases.) Region III begins 
at fr, where core operating flux-density be
comes limited by core loss to the optimum 
value for that frequency. The shape of the 
throughput power curve in the region de
pends on core material characteristics: the 
Steinmetz coefficient and its associated flux
density and frequency exponents. For Ferrox
cube sce, flUX-density Is inversely proportion
al to the root of frequency. Then, winding 
resistance decreases slightly with frequency 
so that, since winding loss is constant, 
throughput power is also about constant. 

Region IV begins where frequency increases 
to the point where the number of turns 
required on the lowest voltage winding falls to 
unity. (Contours of number of turns N as a 
function of frequency for various voltages are 
indicated in Figure 4a). When this happens, 
flux-density must then decrease with frequen
cy. The rate of this decrease is greater than 
that required for optimum core loss, so that 
throughput power decreases. The effect is 
accentuated by the increasing contribution of 
eddy current losses at high frequencies. 

In practice, other factors, such as eddy cur
rents, parasitic capacitance and rounding of 
numbers of turns, cause the transitions from 
one region to another to become blurred so 
that, as Figure 4c shows, the throughput 
power characteristic is more rounded. Calcu
lated values for real cores, Figure 5, shows 
that the general characteristics remain; how
ever, there is always a frequency, close to the 
core transition frequency, above which no 
useful increase in throughput power can be 
obtained. 

EFFECT OF CORE DESIGN 
The more complete understanding of the 
factors that influence throughput power ob
tainable has made it possible to examine 
established core designs with a view to im
proving the designs available. Electrical, mag
netic and mechanical considerations can now 
be combined so that the core can be made as 
effective as possible. 

Existing Core Designs 
Analysis of existing core designs shows that 
performance agrees well with values of fro 
The performance of the smaller cores Is 
found to be relatively poor at 50kHz due to 
lack of sufficient winding window height for 
Ideal windings. 

The effectiveness of the use of core materials 
is another important consideration, since it 
directly affects the weight of an SMPS. Con· 
stant cross-section E cores generally have 
the best power-to-weight ratios. 

Mechanical design is of great importance 
since this influences manufacturing cost and 
transformer production cost. The core should 

I 
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Figure 3. OpUmum, Peak, Center-Pole Flux-Density Sweeps BAC CP for a Variety of Cores for 8MPS AppIlcaUona 

be cheap to manufacture. .Enclosed cores, 
such as pot cores and their variants (RM, po, 
PM cores) are more expensive to make than 
E cores for a given power capacity. However, 
round center legs make for easier winding, 
with less leakage inductance - especially for 
strip. For all but the smallest transformers, E 
cores result in more compact design than U 
cores. Finally, due to their symmetry, E cores 
require some 20% less core material for a 
given power capacity than U cores, with a 
consequent reduction in eddy current losses. 
This last point is of special importance at 
higher operating frequencies. 

Core Design Requirements 
The requirements for a new core design are 
clear. The range of cores should be optimized 
for frequencies appropriate to their power 
handling capacity: 50kHz for 300W, 100kHz 
for 100W, for example. This requires proper 
choice of !L and fr. Optimization should be 
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aimed at forward converter applications (the 
cores will then also be sultsble for unbal
anced push-pull converters). 

The design of the associated coil formers is 
also critically Important. They should be suit
able for automatic handling. A large number 
of pins is required, both for flexibility of layout 
and to accommodate multiple secondaries. 

The core and wound coil former should be 
quick and easy to assemble. The combination 
should be designed for horizontal mounting 
on PC boards to minimize height and make 
termination of strip windings easier. 

THE ETD SYSTEM 

The Cores 
These criteria have been adopted in the 
design of the ETD cores. They are constant 
cross-section E cores in Ferroxcube 3C8 
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ferrite with round center legs, photo and 
FlQure 8, and are designed for 

• Minimum throughput powers In the 
range l00W to 300W 

• Economical manufacture 

• Minimum weight of ferrite 

• Operating frequencies in the range 
50kHz to 150kHz 

• High throughput power density 

• Mains isolation 
• Minimum transformer volume and PC 

board areas. 

Magnetic properties are given in Table 3. 

The ETD cores are compered with existing 
core designs for power per unit weight in 
Figure 7. Throughput power areas as a func
tion of frequency for ETD cores are given in 
Figure 8, and the optimum flux-density sweep 
in Figure 9. 
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The Coli Former and Assembly 
Hardware 
Simple, rapid winding and assembly of ETD 
system·based transformers and chokes is 
made possible by the coil former of Figure 10, 
together with the associated snap·on stain· 
less-steel assembly clips. 

I 
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Table 3. Magnetic Dimensions of ETD System Cores 

CORE Acp min I.., V. OP. 
TYPE (mm~ (mm~ (mm~ (mm) 

ETD 34 87 97.1 7640 78.8 
ETD 39 117 125 11500 92.2 
ETD 44 167 173 17800 103 
ETD 49 204 211 24000 114 

'2 

~ 

I 
, 

MID-LIMIT DIMENSIONS (mm) MASS 
CORE TYPE (9) 

a dz da h, hz b (CORE HALF) 

ETD 34 34.2 26.3 10.8 17.3 12.1 10.8 20 
ETD 39 39.1 30.1 12.5 19.8 14.6 12.5 30 
ETD44 44.0 33.3 14.9 22.3 16.5 14.9 47 
ETD 49 48.7 37.0 16.4 24.7 18.1 16.4 62 

Figure 6. Outline Drawing and Dlmenalona of the New ETD Core Range 

---cnt'e wetghl 

FIGure 7. The Thoughput Power per Unit Weight of Core Material for 
E1'D Corea Compared With That of Other Popular Core Types at two 

Operating Frequenclea: 50kHz (Shaded Areas) and 100kHz (Open Areaa). 
Forward-Converter Operation la Aaaumed 
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Principal features of the design are indicated 
in Figure 10: 

• The length and number of slots gives a 
wide choice of lead-out position 

• There Is at least 8mm creepage 
distance from the pins to the ferrite 
core 

• The pegs between the slots allow wire 
to be run from anyone slot or pin to 
any other 

• The four support legs provide 8mm 
creepage distance between the windings 
and the PC board 

• The hood over the pins providaa 8mm 
creepage distance between leadouts 
and assembly clips 

• A separate grounding clip for the core 
is to be available. 

The coil former itself is moulded in polybutyl
ene terephthalate, a high-grade, flame retar
dant (UL94-VO), thermoplastic. Windings di
mensions are given in Table 4. 

ETD system components provide OEMs with 
the most efficient electrical, magnetic and 
mechanical route to full, economical, auto
mated production of SMPS transformers. 

SWITCHED-MODE POWER 
SUPPLIES 
The essential difference between switched
mode and conventional (mains) power 
supplies is operating frequency. Whereas 
conventional power supplies operate at 
mains frequencies, 50Hz or 60Hz, switched
mode power supplies (SMPS) operate at 
frequencies on the order of 50kHz. The 
complications aasociated with operation at 
these high frequencies are more than com
pensated for by the savings in weight and 
volume, especially of transformers and 
smoothing components. 

Voltege conversion and control In SMPS Is 
achieved by chopping the incoming supply 
voltage with a high·speed switch such aa a 
transistor. The chopped voltage Is applied to 
a transformer which performs voltage conver· 
sion and provides isolation. This transformer 
Is generally wound on a ferrite core, and is 
much smaller and lighter than a 50Hz unit of 
comparable power capacity. Fine control of 
output voltage Is obtained by varying the duty 
cycle of the switch. 

Most SMPS converters require a DC input 
and provide a DC output. For operation from 
the mains, therefore, a rectifier and smooth· 
ing circuit generally precedes the converter 
itself (Figure 11). 
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These ETD System Components Provide OEMs With the Most Efficient and Economical Route to SMPS Transformers 
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Figure 8. Throughput Power as a Function of Frequency for ETD Cores In Forward-Converter Transformers 
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Figure 9. Optimum Flux-Density Sweeps for ETD Cores 

Table 4. Winding Dimensions of ETD System Coil Formers 

TYPE BCF 
(mm) 

ETD 34 20.9 
ETD 39 25.7 
ETD 44 29.5 
ETD 49 32.7 

SMPS Converters 
There are three basic SMPS converter ar· 
rangements; they and their variants are dis· 
cussed in detail in AN1261. 

In the forward converter, Figure 12, power is 
transferred directly to the load while the 
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HCF <Pay 
(mm) (mm) 

5.9 61 
6.9 69 
7.3 78 
8.4 86 

switch is closed; the energy stored in the 
inductor is transferred to the load while the 
switch is open. The switch may be transform
er-coupled to the inductor for input/output 
isolation. 

In the flyback converter, Figure 13, power is 
stored in the inductor while the switch is 
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closed and transferred to the load while the 
switch is open. The functions of transformer 
and inductor may be combined where voltage 
transformation is required. 

The push-pull converter is, effectively, a for
ward converter in which the output choke is 
driven by any push-pull arrangement of power 
transistors, including a full bridge (see Figure 
14). Operation after the transformer is similar 
to that of a forward converter, but with twice 
the effective switching frequency. 

Transformer and Choke 
Requirements 
There are two main boundary conditions for 
the power transformer: it must not saturate 
(otherwise the power transistors will be dam
aged) and it must not overheat. In addition to 
these boundary conditions, the output choke 
should be capable of storing sufficient energy 
to deliver one output cycle so that ripple will 
be low and regulation good. 

Saturation is prevented by designing for worst 
probable combinations of load change and 
input voltage fluctuation. In forward convert
ers, provision must be made for removing 
energy stored in the transformer at the end of 
the ON period of the switch. In push-pull 
converters, the degree of symmetry achiev
able in both power switches and transformer 
windings determines the unbalance allow
ance. 

Overheating of the transformer and choke is 
prevented by calculation of total power dissi
pation: core hysteresis and eddy current 
losses, and winding losses. 
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NOTES: 
Pegs allow wlreo to be taken from moot appropriate olot to chosen pin. 
These plates give 8mm creepage distance between wires and usen'lbly clips. 
Lego give Bmm """'page dIstanca from wlndlnga and PC board. 
8mm creepage from pins to core. 
Multipfe slots for maximum fnIedom of _out position. 

4 5 

Figure 10. Coil Former Design for the ETD System, Intended for Automatic Winding 
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Figure 11. SMPS Converter 
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Figure 14. Push-Pull Converter 
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There has long been a need for a smaller and 
more efficient alternative to the transformer/ 
rectifier/series stabilizer circuit for deriving a 
constant, easily-isolated DC supply ·from the 
mains. The development of high voltage 
switching transistors has allowed the con
struction of SMPS circuits which go a long 
way toward meeting this need but are still far 
from providing the ideal answer to the prob
lem. The main drawbacks of the SMPS, when 
it is supplied from the AC line, is limited 
efficiency due to switching losses and dissi
pation in dV/dt limiting RC networks, RFI due 
to the generation of near-rectangular current 
waveforms, difficult transformer design, and 
the need for a complex control circuit to 
ensure continued operation with an open
circuit or short-circuit load. A circuit that 
overcomes these drawbacks is the series-
resonant power supply (SRPS) which incor-

AN128 
Introduction to the Series
Resonant Power Supply 
Application Note 

with their high VA ratings, fast switching and 
simple, transistor-like drive, now allow the 
construction of SRPS circuits which can oper
ate from a rectified AC input and will undoubt
edly replace the SMPS for controlled mains 
power conversion in applieations SUch as 
television sets, industrial drives, fluorescent 
lighting systems, microwave and inductive 
cookers. The SRPS is also suitable for con
trolling the speed of DC series-wound motors 
in domestic appliances, and for reducing 
harmonic distortion in the AC supply by acting 
as a buffer between the AC line and a DC 
power supply. The main advantages of the 
SRPS are: 
• It is a more than 90% efficient power 

converter. 

• It causes minimal EMI/RFI because the 
AC input current can be made 
sinusoidally in phase with the AC line 
voltage. 

• It can be built with a single, easily
designed, inductive element 
(transformer) which also provides line 
isolation. 

• It continues to operate with the output 
short-circuit. It also continues to supply 
a well-stabilized output when it is not 
connected to a load. 

• It can be made self-starting and, 
therefore, does not need a small 
transformer to supply the control circuit 
for the GTO. 

porates an inverter in which a semiconductor Survey of GTOs for SRPS 
switch maintains sinusoidal oscillation in a 
series-resonant LC network. Although the 
high-frequency sinusoidal currents generated 
in an SRPS allow it to be made compact and 
efficient, with far less RFI than the SMPS, its 
use has so far been restricted to low voltage 
power supplies due to the lack of a suitable 
low-loss, high voltage semiconductor switch. 

Recently introduced GTOs (gate turn-off Thy
ristors described in References 1, 2 and 3) 
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TYPE VDRM 
NUMBER (V) 

BT157 1500 
1300 

BTW58 1500 
1300 
1000 

BTW59* 1500 
1300 

NOTE: 
• With Isolated base. 
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ITeRM IT(AV) CASE 
(A) (A) 

10 2.2 TO-220 
10 2.2 TO-220 
25 8.5 TO-220 
25 6.5 TO-220 
25 6.5 TO-220 
50 12 TO-238 
50 12 TO-238 

• 
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PRINCIPLES OF SRPS 
OPERATION 
Figure 1 is the basic circuit of an SRPS, the 
operating principle of which depends on sinu
soidal alternating current generation in the 
L1C1Co circuit. For guaranteed self-oscilla
tion, there are two conditions regarding the 
values of the components. The inductance of 
La must be at least ten times that of Lh and 
the value of Co must be at least twice that of 
C1. The operation of the circuit will first be 
described without a load connected to Vo 
and with a very brief conduction period for the 
GTO. This will be followed by a description of 
the circuit operation under similar conditions 
but with a longer conduction period for the 
GTO. Since the behavior of the SRPS is 
complex (it sometimes functions as a fourth
order network), a complete. analysis of the 
circuit is only possible with the aid of a 
computer. These theoretical descriptions are 
therefore only Intended to give a basic under
standing of the circuit operation and are 
followed by plots of the current and voltage 
waveforms derived by computer analysis of 
the basic circuit. The application note con
cludes with a description of ten methods of 
connecting a load to the SRPS. 

Unloaded Circuit With Brief 
GTO Conduction Period 
The waveforms for this mode of operation are 
given in Figure 2. Since La>Lh and 10 is very 
small, the influence of La and 10 on the circuit 
behavior can be disregarded for this simpli
fied description. 

In the steady state, with the GTO turned off, 
C1 is charged to Vs. Assume that the GTO is 
turned on for the very short time necessary to 
just discharge C1. Further assume that cur
rent 11 is negligible during this brief on-time of 
the GTO. When the GTO is switched off, 
current 11 oscillates sinusoidally about zero at 
the resonant frequency of the circuit, com
prising L1 together with Co and C1 in series: 

1 
w-~ 

where 

C1Co 
CrOT= C1 +Co 

The peak oscillatory current is the supply 
voltage divided by the impedance of the 
resonant circuit (Z1), 

Vs -;-c;:o:r 
11 - - - Vs V --:=-- (1) 

Z1 L1 
which has an Instantaneous value 

Vs 
11 =-slnwl 

Z1 

For stable self-oscillation of the circuit, the 
minimum level of V1 must Just reach zero 
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during each cycle. The instantaneous value of 
V 1 is therefore given by 

V1 -Vs(1-cos wi) 

\/1 - 2Vs (2) 

the AC component of which is 

\/1 AC - V1- VS = Vs 

This voltage therefore oscillates sinusoidally 
between OV and 2Vs and has an average 
value equal to the supply voltage (vsl. Since 
the averege value of the oscillatory current 11 
must therefore be zero, It is apparent that, as 
Is to be expected, power is not drawn from 
the supply when the output from the circuit is 
unloaded. 

L, 

v, 

The ratio VolV 1 is determined by the ratio of 
the values of C1 and Co. The peak value of 
Vo Is 

• \/1C1 C1 + Co 
Vo-Vs+-- = Vs---

2Co Co 
the AC component of which is 

•• C1 
Vo AC = Vo - Vs = Vs Co (3) 

Unloaded Circuit With Longer 
GTO Conduction Period 
The waveforms for this mode of operation are 
given in Figure 3. If the conduction period of 
the GTO is made longer than that necessary 
to just discharge Ch considerable current due 

C, V, 

Figure 1. Basic SRPS Circuit 

v, 

" 

Vo 

v, 

I 
rcON GTO n OFF 

\Wi"" 
Figure 2. Waveforma of the Basic SRPS for the Shorteet Poeelble Conduction 

Time for the (ITO 
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to 10 and the discharge of Co is flowing in Ll 
at the tum-off instant. This value of 11 will be 
denoted 'OFF. The peak oscillatory current 
Vs/Zl from equation (I) will now increase, in 
proportion to the ratio IOFF to VS/Z1' by a 
factor 

M - V [('OFFZI)2 + I] 
Vs 

The peak current through Ll will therefore be 

11_ MVS 
Zl (4) 

The peak voltage across Cl in Equation 2 
was Vs above its average value Vs. The rise 
of Vl above Vs will now increase by the 
multiplying factor M, which gives 

~1 - Vs + MVs = Vs(M + I) (5) 

the AC component of which is 

~1 AC- MVs 

Solving Equation 5 for the maximum multiply
ing factor in terms of the supply voltage and 
the maximum allowable peak voltage across 
the GTO gives 

~1 
MMAl( = - - I (6) 

Vs 

The AC component of the output voltage is 
~1 AC multiplied by the ratio Cl/Co, which 
gives 

• ~1 AC Cl MVs Cl 
VOAC----- (7) 

Co Co 

Voltage Control Range of the 
Basic SRPS 
Assuming that Vs is the rectified line voltage 
(300V) and that the maximum peak voltage 
permitted across the GTO (Vl) is 1200V, then 
from Equation 6 the maximum multiplying 
factor is 3 and, from Equation 4, the maxi
mum peak current through Ll is 

11 _ 3Vs 
(8) 

Zl 

Comparing Equations I and 8 shows that the 
peak current through Ll Increases threefold 
when the conduction period of the GTO is 
Increased to the maximum allowed by the 
permitted peak voltage across the GTO (V d. 
Comparing Equations 2 and 5 shows that, 
with M - 3, the peak voltage across the GTO 
Increases from 2Vs - 600V to 4Vs" 1200V 
when the conduction period of the GTO is 
changed from minimum to maximum. Com
paring Equations 3 and 7 shows that, with Cl1 
Co - 0.5, the control range for the AC com
ponent of Vo Is 

VOAC mln-O.S Vs-150 V 

VOAC max-I.5 Vs-450 V 
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",r 

I 
I . 

GTO --u-Ll----L::, 
Figure 3. Waveforms for the Longest Possible Conduction Time for the GTO 
and Vl = 1200V max, Vs = 300V, Cl = 10nF, Co = 22nF, La = 10mH, Ll = 1mH, 

M=3 

The circuit can therefore be used as a power 
converter with its output voltage controllable 
over a 3: I range by varying the conduction 
period of the GTO. 

Alternatively, for a lower supply voltage such 
as Vs -IOOV, and the same maximum peak 
voltage Vl = 1200V, the maximum multiplying 
factor from Equation 6 is II. Solving Equation 
2 and 5 for Vs shows that the variation of 
supply voltage (Vs) that can be compensated 
by variation of the conduction period of the 
GTO is: 

~1 
VSmin=M+I=IOOV 

~1 
Vs max-'2= 600V 

The SRPS output voltage can therefore be 
stabilized against a 6:1 DC supply voltage 
variation by varying the conduction period of 
the GTO. 

Computer Plot of the SRPS 
Voltage and Currents 
As shown in Figure 4, a computer program 
has been used to plot the exact time func
tions for 10, 110 Vo and Vl with Vs - 3OOVoc 
and components values La a 10mH, 
Ll"lmH, Co=20nF and Cl=IOnF. The 
computer plots have been made for peak 
values of Vo of 490V, 590V, 770Vand 1030V. 
Subtracting Vs - SOOV from these figures 
gives the AC component of Vo, which is 
about 190V, 290V, 470V and 720V, respec-
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tively. This shows that the available output 
voltage control range for VS" 300V and Vl 
max. = 1200V is at least 3.8:1 instead of 3:1 
as calculated in Equations 3 and 7. This is 
due to the fact that the voltages across the 
capacitors in the oscillatory circuit are almost 
180' out of phase so that the voltage division 
between them is not directly proportional to 
their values. The plots also indicate that the 
operating frequency decreases as the con
ducting time of the GTO is increased. 

Extracting Power From the 
SRPS 
There are three basiC methods of extracting 
power from the SRPS. They are: 

I. From capacitor Co, via a diode, to an 
output electrolytic capacitor. Since the out
put voltage Vo AC is superimposed on the 
input DC level V s, the voltage across the 
electrolytic capacitor will always exceed 
V s. The circuit is therefore an up-converter 
and its main use is as a buffer between the 
AC line and a DC power supply unit. 

2. From capacitor Co via a capacitor which 
blocks the DC component of Vo so that 
pure AC is available at the output. This 
circuit is suitable for driving resistive loads 
and fluorescent lighting tubes. If the output 
from the blocking capacitor is ractlfied in a 
voltage doubler circuit, this type of SRPS is 
suitable for controlling the speed of a 
serles-wound DC motor. 

I 
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FIgure 4. Computer Plots of the Waveforms In the Circuit of Figure 1 With Vs = 3OOVDC, Lo = 1OmH, 
\ Ll = 1mH, Co = 2OnF, Cl = 10nF 
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3. By replacing inductor Ls with a transformer. 
This arrangement gives the best perfor
mance because it gives very good line 
isolation and the load can be correctly 
matched to the SRPS by adjustment of the 
tums ratio of the transformer. This type of 
circuit can drive resistive or rectifier loads 
and can also be used as a supply for 
fluorescent tubes. For rectifier loads, how
ever, the leakage inductance of the trans
former must be made very low; for exam
ple, by using sandwiched windings. The 
final part of this application note shows 
how inductor L1 can be integrated with the 
transformer to overcome this problem and 
create an SRPS with a single inductive 
component 

PRACTICAL SRPS CIRCUITS 
WITHOUT POWER LINE 
ISOLATION 
Direct-Coupled SRPS 
Up-Converter 
The circuit of this type of SRPS is given in 
Figure S. Diode Do half-wave rectifies Va and 
feeds the resultant half-sinewaves to output 
electrolytic Co. Since the average value of Va 
is Vs, the rectified half-sinewaves at the 
output are superimposed on the DC input 
voltage and the DC output voltage must 
necessarily exceed this level. The circuit is 
therefore an up-converter. The percentage of 
the total output power which has to be 
converted by the series-resonant circuit is 
(ya-Vs)lVo. For Vs = 200V (average voltage 
of full-wave rectified 220V mains) and 
VA AC - SOOV, this amounts to only 60% of 
the total output power. This, together with the 
inherent high efficiency of the SRPS (about 
9S% at Vs = 200Vocl, allows the circuit to 
feed some current to the load, even when the 
input voltage is as low as 10% of the output 
voltage. For VA AC = SOOV to 600V, the full
wave rectified AC input need not therefore be 
smoothed and can be obtained directly from 
a bridge rectifier followed by a low value 
decoupling capacitor (a few /IF). This ar
rangement results in an SRPS up-converter 
with a well-stabilized DC output with a low 
level of superimposed 100Hz ripple. Since the 
AC current flowing via the bridge rectifier 
without a high value smoothing capacitor is 
sinusoidal, the circuit can convert unlimited 
power without exceeding the limits of power 
line harmonic generation specified for domes
tic equipment in CENELEC spec~ication EN 
SO 006. 

Capacltively-Coupled SRPS 
Circuits 
In capacitively-coupled SRPS circuits, the DC 
component of voltage Va is blocked by a 
capacitor between Co and the output rectifier. 
The circuit is given in Figure 6 which shows 
three methods of rectifying the AC compo
nent Va. 

Circuit 1. In Circuit 1 of Figure 6, the AC 
component of Va is rectified in a voltage 
doubler circuit that applies a positive DC 
voltage to the load. Uke the previously de
scribed up-converter, this circuit works best 
with a DC output of more than SOOV, but has 
the added advantage of being immune to 
output short-circuits. The main use of Circuit 1 
is speed control of a series DC motor con
nected as shown in Figure 7. Since inductor 
Ls has now been replaced by the series
connected armature and field windings of the 
motor, the SRPS has an effective input volt
age of Vs minus the back EMF. Since the 
back EMF is proportional to the current 
through the motor at a given speed, it is not 
necesssry to use a high value capacitor to 
smooth the rectified mains input. The current 
flowing in the 50Hz mains can therefore be 
made sinusoidal so that mains pollution is 
minimal. The range of back EMF must not 
exceed about 75% of supply voltage Vs so 
that the SRPS can still supply a reasonable 
amount of current when the motor is running 
at full speed. 

Circuit 2. Circuit 2 of Figure 6 is similar to 
Circuit 1 except that the output rectifier I 
voltage doubler is connected to provide a 
negative DC output voltage. The possible 
uses for this circuit are few. 

Circuit 3. Circuit 3 of Figure 6 is again similar 
to Circuits 1 and 2 except that the output is 
bridge-rectified. Since the bridge rectifier pro
vides hal! the average output voltage of a 
voltage doubler rectifier, the minimum peak 
value for the DC output can be reduced to 
about 2S0V. A dissdvantage of the circuit, 

v, 
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however, is that the output is floating with 
respect to the return line of the input voltage. 

SRPS CIRCUITS WITH POWER 
LINE ISOLATION 
Since capacitor CIN has a much higher value 
than Co, Co is effectively in parallel with Ls 
so that Va appears across this inductor. I! line 
isolation is required, Ls can therefore be 
replaced by a transformer with output rectifier 
connected to the secondary winding (Figure 
8). The manner in which the rectifier and 
transformer are connected then determines 
the mode of operation; i.e., power transferred 
to the load 

• when the current in the primary winding 
of the transformer is positive (forward 
mode, Circuit 1) 

• when the current in the primary is 
negative (flyback mode, Circuit 2) 

• when the current in the primary is 
positive and when it is negative 
(forward f1yback mode, Circuit 3). 

In CirCUit 3, a bridge rectifier can also be used 
with an untapped secondary winding. 

In addition to driving rectifier loads via a 
transformer with low leakage inductance, 
these Circuits with transformer-coupled output 
are also suitable for driving a resistive load or 
a load that behaves like a voltage source, for 
example, a fluorescent lamp or a magnetron 
in a microwave cooker. The best performance 
is obtained with a DC output of about 300V. 

SRPS With a Single Inductive 
Component (Transformer) 
In the circuits shown in Figure 8, inductor L1 is 
rather bulky because, at operating frequen
cies of about SOkHz, the flux swing in the core 
is quite large. It is therefore necesssry to use 
a large core to prevent saturation and conse
quent overheating due to hysteresis losses. 
The core heating problem can be completely 
overcome by constructing the output trans
former in such a manner that Ls is formed by 

. 
Cout Rload 

AF0401'S 

The foregoing considerations indicate that 
the main use for this type of SRPS is for 
reducing power line distortion by acting as a 
buffer between the AC supply and a SOOV to 
600V DC power supply of more than 500W. Figure 6. SRPS Up.c:onverter 
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the primary self-inductance and magnetizing 
inductance of the transformer, and L1 is 
formed by the primary and secondary leakage 
Inductances. The flux swing of the transform
er core is then quite small and the hysteresis 
losses are low. 

Figure 9 shows how inductor L1 can be 
integrated wHh the output transformer. First, 
since CIN is a much higher value than Co, Co 
is effectively in parallel with the primary wind
Ing of the transformer and can therefore be 
connected in this position. Second, If the 
value of Co is multiplied by the square of the 
tums-ratio of the transformer, H can be con
nected in parallel wHh the secondary winding. 
Finally, since there is now no connection to 
the junction of La and L1, L1 can be integrat
ed with the output transformer. This final step 
is clarified by the equivalent T -circuit of the 
transformer given In Figure 10. Since a re
quirement for guaranteed self-oscillation of 
the SRPS is that the value of Ls is at least ten 
times that of L1, the minimum coefficient of 
coupling for the transformer is ;;. 0.8. A 
transformer with sufficient leakage induc
tance can easily be constructed on a pair of 
ferroxcube U-cores with the primary wound 
round one pole and the secondary wound 
round the other. If the extemal magnetic field 
with this type of construction is too great (for 
example, in a television receiver), the primary 
and secondary windings can be stacked on 
the gapped center pole of a pair of E-cores. 
Experiments have shown that when this type 
of transformer is installed in a working SRPS 
and positioned within 4cm of the deflection 
coils of a 26-lnch CTV set with a 30AX 
deflection system, there is no perceptible 
distortion of the raster. If the transformer Is 
positioned wHhin 4cm of the most sensHive 
part of the tube (cathode, grid 1 and 2 area), 
the maximum distortion of the raster Is 1 mm. 

An important advantage of the SRPS with a 
single inductive element Is that it is inherently 
immune to a short-Circuited output. It is there
fore self-starting, even wHh OV across the 
output capacitor, so it is not necessary to use 
a separate transformer to provide a supply for 
the GTO control circuit. 

The single-transformer SRPS can be used In 
any of the modes of operation Illustrated in 
Figure 8 and can provide controlled power for 
all the previously mentioned types of load. 
Because the design of SRPS circuHs Is com
plex, we have calculated the time functions 
for the variables Vo, VI, 10 and II and used 
them in a closed-loop computer program to 
calculate the steady-state conditions for any 
set of input conditions. The computer pro
gram has also been used to construct a set of 
five universally-applicable graphs as a design 
aid for SRPS circuHs. 

February 1987 
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Figure 7. SRPS With Capacltlvely·Coupled Output Controlling the Speed of a 
DC serles·Wound Motor 
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a. General Circuit 

-,. 
b. Circuit 1 - Forward 

.~b 

c. Circuit 2 _12 Flyback 
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d. Circuit 3 - Forward/Flyback 

Figure 8. SRPS Circuits WIth 
Tranlformer-Coupled Output I 
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L, 

v, v, 

c, c, 
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a. Original Circuit b. Stage 1 
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c. Stage 2 d. Stage 3 

Figure 9. The Three Stages of Integrating Inductor L1 With the 
Output Transformer of an SRPS 

NOTES< , 
Approximate Relations in the Equivalent CircuH (Ls ;;'10Ld 
L, - 2'-1e.k 
Ls - Lmao 

Af041218 

Figure 10. Transfonner Equivalent ToClrcult WIth Idesl Transformation 
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Power Line Isolated SAPS 
Output Transformer 

NOTES< 
TypIcal oonstruction In which the leakage induclanoo 
Js uBOd for La. this tranaformor is for a 150W to 
2fX1N power supply operating at a fnlquency of 
3O-4OkHz 
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Signefics TDA1023 
Time-Proportional Triac Trigger 

Linear Products 

DESCRIPTION 
The TDA 1023 is a bipolar integrated 
circuit for controlling triacs in the time
proportional or burst firing mode. It per
mits very precise temperature control of 
heating equipment and is especially 
suited to the control of panel heaters. 
The circuit generates positive-going trig
ger pulses and complies with the regula
tions on radio interference and mains 
distortion. 

ORDERING INFORMATION 

Product Specification 

FEATURES 
• AdJustable proportional range 

width 
• AdJustable hysteresis 
• AdJustable trigger pulse width 
• AdJustable firing burst repetition 

time 
• Control range translation facility 
• Failsafe operation 
• Supplied from the mains 
• Provides supply for external 

temperature bridge 

APPLICATIONS 

• Triac control 
• Temperature control 
• Panel heater control 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

16-Pin Plastic DIP (SOT-36) -20·C to + 75·C TDA1023N 

BLOCK DIAGRAM 

Vee AX 

14 1. 

13 12 

OR UR HYS PR TB 
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PIN CONFIGURATION 

N Package 

UR 

TOPYIEW 

PIN SYMBOl. DESCRIPTION NO. 

1 RpD Intamal pull-down resistor connection 
2 NC Not connected 
3 0 Output 
4 HYS H~. control Inpu1 
5 PR Proportional range control input 
6 CI Control Inpu1 
7 UR Unbuffered refe<ence Inpul 
8 OR Output of _renos buffer 
9 BR Buffered _renos Inpu1 

10 PW Pulse width control Input 
11 Yz Reference supply output 
12 1B Firing burst repelllion time DDnIrOI 

input 
13 V •• Ground connection 
14 Voo Positive supply connection 
15 NC Not connected 
16 RX External resistor connection 

PW 

10 

o 

853-0964 86551 
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ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Vec Supply voltage, DC 16 V 

Supply currem 
11S(AV) average 30 mA 
11S(RM) repetitive peak 100 mA 
11S(SM) non-repetitive peak 2 A 

VI Input voltage, all inputs 16 V 

IS;7;9;10 Input current, CI, UR, BR, PW input 10 mA 

V Voltage on RpD connection (Pin 1) 16 V 

VS; 8; 11 Output voltage, Q, QR, Vz output 16 V 

Output currem 
-IOH(AV) average 30 mA 
-IOH(M) peak, max. 300 lIS 700 mA 

P'-OT Total power dissipation 500 mW 

TSTG Storage temperature range -65 to +150 ·C 

TA Operating ambiem temperature range -20 to +75 ·C 

DC ELECTRICAL CHARACTERISTICS Vec - 11 to 16V; TA = -2O·C to + 75·C, unless otherwise specified. 

LIMITS 
SYMBOL PARAMETER UNIT 

Min Typ Max 

Supply: Vee and RX (Pins 14 and 16) 

Internally stabilized supply voltage 
Vec at 118-1OmA 12 13.7 15 V 
AVec/AilS Variation with hs 30 mVlmA 

Supply current at V1S-1S - 11 to 16V; 
110 = lmA; I - 50Hz; Pin 11 open; 

11S VS-1S > V7-1S; Pins 4 and 5 open 6 mA 
11S Pins 4 and 5 grounded 7.1 mA 

Relerence supply output Vz for external temperature bridge O(Pln 11) 

Vll-1S Output voltage 8 V 

-111 Output current 1 mA 

Control and reference Inputs CI, BR, and UR (Pins 6, 9, and 7) 

VS-1S Input voltage to inhibit the output 7.6 V 

Ie; 7; 9 Input current at VI ~ 4V 2 pA 

Hyatereals control Input HYS (Pin 4) 

AVs Hysteresis, Pin 4 open 9 20 40 mV 
AVe Pin 4 grounded 320 mV 

Proportional range control Input PR (Pin 5) 

AVe Proportional range, Pin 5 open 50 80 130 mV 
AVs Pin 5 grounded 400 mV 

Pul .. width control Input PW (Pin 10) 

tw Pulse width at 110(RMS) = 1 mA; I = 50Hz 100 200 300 lIS 

FIring burat repetition Ume control Input ta (Pin 12) 

te/~ Firing burst repetition time, ratio to capacitor ~ 320 800 960 ms//AF 
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DC ELECTRICAL CHARACTERISTICS vee ~ 11 to 16V; TA = -20·C to + 75·C. unless otherwise specified. 

SYMBOL PARAMETER 
Min 

Output of reference buffer QR (Pin 8) 

Output voltage 
VS-13 at input voltage Vg -13 - 1.6V 
VB-13 V9-13 = 4.BV 
VB-13 V9-13 = BV 

Output Q (Pin 3) 

VOH Output voltage HIGH at -IOH = 150mA 10 

-IOH Output current HIGH 

Internal pull-down reslator RPO (Pin 1) 

Rpo Resistance to VEE 

FUNCTIONAL DESCRIPTION 
The TDA 1023 generates pulses to trigger a 
triac. These trigger pulses coincide with the 
zero crOSsings of the mains voltage. This 
minimizes RF interference and transients on 
the mains supply. The trigger pulses come in 
bursts. with the net effect that the load is 
periodlcaily switched on and off. This further 
minimizes mains pollution. The average pow
er in the load is variad by varying the duration 
of the trigger pulse burst in accordance with 
the voltage difference between the control 
input CI and the reference input. either UR or 
BR. 

Power Supply: Vee, RX and Vz 
(Pins 14, 16, and 11) 
The TDA1023 is supplied from the AC mains 
via resistor Ro to the RX connection (Pin 16). 
while the VEE connection (Pin 13) is connect
ed to the neutral line (see Figure 5). A 
smoothing capacitor Cs has to be connected 
between the Vee and VEE connections. 

The circuit contains a string of stabilizer 
diodes between the RX and VEE connections 
that limit the DC supply voltage and a rectifier 
diode between the RX and Vee connections 
(see Figure 1). 

At Pin 11 the device provides a stabilized 
reference voltage Vz for an external tempera
ture sensing bridge. 

The operation of the supply arrangement is 
as follows. During the positive half of the 
mains cycles the current through external 
voltage dropping resistor Ro charges the 
external smoothing capacitor Cs until RX 
reaches the stabilizing voltage of the internal 
stabilizer diodes. Ro should be chosen such 
that It can supply the current lee for the 
TDA1023 itself plus the average output cur
rent IS(AV) plus the current required from the 
Vz connection for an external temperature 
bridge. and recharge the smoothing capacitor 
Cs (see Figures 7 to 10). Any excess current 

November 14. 1988 
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is bypassed by the internal stabilizer diodes. 
Note that the maximum rated supply current 
must not be exceeded. 

During the negative half of the mains cycles. 
external smoothing capacitor Cs has to sup
ply the sum of the currents mentioned above. 
Its capacitance must be high enough to 
maintain the supply voltage above the mini
mum specified limit. 

Dissipation in resistor Ro is halved by con
necting a diode in series (see Figures 2 and 7 
to 10). 

A further reduction of dissipation is possible 
by using a high-quality voltage dropping ca
pacitor Co in series with a resistor Rso (see 
Figures 2 and 12). A suitable VDR connected 
across the mains provides protection of the 
TDA 1023 and of the triac against mains
borne transients. 

Control and Reference Inputs 
CI, BR and UR (Pins 6, 9, and 
7) 
For room temperature control (5·C to 30·C) 
the best performance is obtained by using the 
translation circuit. The buffered reference 
input BR (Pin 9) is used as a reference input. 
and the output of the reference buffer QR 
(Pin B) is connected to the unbuffered refer
ence input UR (Pin 7). In this arrangement. 
the translation circuit ensures that most of the 
potentiometer rotation can be used to cover 
the room temperature range. This provides an 
accurate temperature setting and a linear 
temperature scale. 

If the translation circuit is not required. the 
unbuffered reference input UR (Pin 7) is used 
as a reference input. The buffered reference 
input BR (Pin 9) must be connected to the 
reference supply output Vz (Pin 11). 

For proportional power control the unbuffered 
reference input UR (Pin 7) must be connected 
to the firing burst repetition time control input 

8-245 

LIMITS 
UNIT 

Typ Max 

3.2 V 
4.B V 
6.4 V 

V 

150 mA 

1.5 3 kn 

TB (Pin 12). and the buffered reference input 
BR (Pin 9). which is inactive now. must be 
connected to the reference supply output Vz 
(Pin 11). 

In all arrangements. the train of output pulses 
becomes longer when the voltage at the 
control input CI (Pin 6) becomes lower. 

Proportional Range Control 
Input PR (Pin 5) 
With the proportional range control input PR 
open. the output duty factor changes from 
0% to 100% by a variation of BOmV at the 
control input CI (Pin 6). For temperature 
control. this corresponds with a temperature 
difference of only 1 k. 

This range may be increased to 400mV, I.e., 
5k. by connecting the proportional range 
control input PR (Pin 5) to ground. Intermedi
ate values are obtained by connecting the PR 
input to ground via a resistor RS (see Table 
1). 

Hysteresis Control Input HYS 
(Pin 4) 
With the hysteresis control input HYS (Pin 4) 
open. the device has a built-in hysteresiS of 
20mV. For temparature control this corre
sponds with 0.2Sk. 

Hysteresis is increased to 320mV. corre
sponding with 4k. by grounding HYS (Pin 4). 
Intermediate values are obtained by connect
ing Pin 4 to ground via a resistor R4. See 
Table 1 for a set of values for R4 and R5 
giving a fixed ratio between hysteresis and 
proportional range. 

Trigger Pulse Width Control 
Input PW (Pin 10) 
The trigger pulse width may be adjusted to 
the value required for the triac by choosing 
the value of the external synchronization 
resistor Rs between the trigger pulse width 
control input PW (Pin 10) and the AC mains. 

• 
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The pulse width Is Inversely proportional to 
the Input current (see FIgure 11). 

Output Q (Pin 3) 
Since the circuit has an open-emitter output. 
it is capable of sourcing current; i.e .• supply
ing a current out of the output. Therefore. it Is 
especially suited for generating positlve-going 
trigger pulses. The output is current-limited 

and protected against short-circuits. The 
maximum output current Is 150mA and the 
output pulses are stabilized at 10V for output 
currents up to that value. 

A gate resistor RG must be connected be
tween the output Q and the triac gate to limit 
the output current to the minimum required by 
the triac (see Figures 3 to 6). This minimizes 

Table 1. Adjustment of Proportional Range and Hysteresis. 
COJllblnations of Resistor Values Giving Hysteresis 
> Y4 Proportional Range 

PROPORTIONAL MAXIMUM 
PROPORTIONAL RANGE MINIMUM HYSTERESIS 

RANGE RESISTOR RS HYSTERESIS RESISTOR R4 
(mY) (knl (mY) (knl 

80 Open 20 Open 
160 3.3 40 9.1 
240 1.1 60 4.3 
320 0.43 60 2.7 
400 0 100 1.8 

Table 2. Timing Capacitor CT Values (Electrolytic Capacitors) 

MARKED AC SPECIFICATION 
EFFECTIVE DC VALUE (pi') 

jiI' V 

68 47 25 
47 33 40 I 

33 22 25 
22 15 40 
15 10 25 
10 8.8 40 
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the total supply current and the power dlssi
petion. 

Pull-Down Resistor RpD (Pin 1) 
The TDA1023 includes a 1.5kn pull-down 
resistor RPO between Pins 1 and 13 (VEE. 
ground connection). intended for use with 
sensitive triacs. 
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FIgure 1. Internal Supply Connections 
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FIgure 2. AHernative Supply Arrangements 
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NOTE: 
Mains supply: Vs - 220V 
Temperature range III 5 to 30°C 

BT139 data: VOT < 1.5V } 
lOT > 70rnA at T J - 25·C 
IL < 80rnA 

LIIE AC_ 
VOL1lUIE 

-u V. 
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Figure 13. The TDA1023 Used In a 1200 to 2000W Huter With Triac BT139. For Componant Valun _ Table 3 

Table 3. Temperature Controller Component Values (see Figure 13) 

SYMBOL PARAMETER VALUE REMARKS 

tw Trigger pulse width 75ps See BT139 data sheet 
Rs Synchronization resistor 180kO See Figure 11 
RG Gate resistor 1100 See Figure 4 
13(AV) Maximum average gate current 4.1mA See Figure 6 
R4 Hysteresis resistor NC See Table 1 
R5 Proportional band resistor NC See Table 1 
116(AV) Minimum required supply current 11.1mA 
Ro Mains dropping resistor 6.2kO See Figure 6 
PRO Power diSSipated in Ro 4.6W See Figure 8 

Or TIming capacitor (elf. value) 68j1F See Table 2 
VOR Voltage-dependent resistor 250VN; Cat no. 2322 593 62512 
01 Rectifier diode BYW56 
R1 Resistor to Pin 11 18.7kO 1 % tolerance 
RNTC NTC thermistor (at 25°C) 22kO B -4200k 

Cat. no. 2322 842 12223 
Rp Potentiometer 22kO 
C1 Capacitor between Pins 6 and 9 47nF 
Cs Smoothing capacitor 220jlF; 16V 

If RD and D1 are replaced by CD and RSD 

CD Mains dropping capacitor 470nF } Rso Series dropping resistor 3900 
PRSO Power dissipated in Rso 0.8W 

VOR Voltage-dependent resistor 250VAC Cat no. 2322 594 62512 
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Design of Time-Proportional 
Temperature Controls Using the 
TDA1023 

Linear Products 

Author: D.C. deRuiter 

Electronic temperature control Is no longer 
new; phase and on/ off controls for room 
heaters have been widely used to replace 
mechanical switches. However, both phase 
and on/off control have disadvantages. 
Phase control produces RF interference and 
transients on the mains supply, while the 
hysteresis required to prevent oscillation of 
the output for on/ off control systems pre
vents accurate control of the temperature. 

Time-proportional control, with zero-crossing 
switching, eliminates thase dlssdvanteges, 
giving accurate temperature control and no 
RF interferfilnce or supply transients. The 
TDA 1023 has been designlld to provide time
proportional control using a minimum number 
of external components. It incorporates addi
tional features to provide fail-ssfe operation 
and fine control of the temperature in the 
range S·C to 3S·C. 

The design of the TDA 1023 is such that it 
may also be usefully employed as a time
proportional power regulator for heating ele
ments in electric cookers. 

NOTE: 
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THE PRINCIPLE OF TIME
PROPORTIONAL CONTROL 
Conventional phase control allows fully-pro
portional control of the power dissipated in 
the load, but the high rates of change of 
current and voltage ceuse RF interference. 
Because of this effect, phase control is not 
allowed to be used for domestic heaters. 
Simple on/off control with zero-voltage 
switching avoids generation of RFI but does 
not possess the required accuracy when 
stabilized with a small amount of hysteresis. 

Time-proportional control combines the zero
voltage switching of anI off control with the 
accuracy of proportional control. Figures 1 
and 2 illustrate the principle: the load is 
switched on once and off once in a fixed 
repetition period, the ratio of the on and off 
periods providing the proportional control. 
This method of control can cause mains 
flicker; the mains voltage will change slightly 
each time the load is switched on or off. 

CENELEC, the European Committee for Elec
tro-technical Standardization, has published 
rules which limit the rate at which domestic 
heating apparatus may be switched on and 
off. Table 1 gives the minimum repetition 
period for a range of load powers and com-

WF18131S 

A change In the reference level will cause a change In toN and the load power. 

FIgure 1. Load Power Is Proportional to the Duty Factor 

WF18140S 

Figure 2_ An Increa .. In Temperature Raises the Reference Voltage, causing a 
Decrease In the Duty Factor and Average Load Power 
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man mains voltages from CENELEC publica
tion EN50.006. 

There ara three states of operation when 
using time-proportional control: 
• load switched fully off 
• load power proportional to the 

difference between actual and desired 
temperatures, while within the 
proportional range 

• load switched fully on. 

Clearly, this system of control will regulate the 
load power such that there will be no over
shoot or undershoot of the desired tempera
ture as is the case with normal onloff sys
tems (see Figure 2). The minimum range over 
which there is proportional control is about 
1 ·C, corresponding to about eOmV at the 
input to the comparator. This allows extreme
ly accurate control of the temperature. 

DESCRIPTION OF THE TDA 1023 
The TDA 1023 is a 16-pin dual in-line integrat
ed circuit designed to provide time-propor
tional power control of electrical heating ele
ments, particularly panel heaters. Its time
proportional control system allows accurate 
temperature stabilization with the minimum of 
external components. Apart from panel heat
ers, the TDA 1023 is ideally suited for the 
control of: 

• Cooker elemsnts 
• Electric irons 

• Water heaters 
• Industrial temperature control, e.g., oil 

baths, air conditioners, etc. 

It Incorporates the following functions: 
• A stabilized power supply. The TDA1023 

may be connected directly to the AC 
mains using either a dropping resistor 
or capacitor. It provides a stabilized 
reference voltage for the temperature
sensing network. 

• A zero-crossing detector to synchronize 
the output trigger pulses to the zero
crossings of the mains supply. The 
detector produces a pulse, the duration 
of which is determined by an external 
resistor, centered on the zero-crossing 
of the mains voltage. 

• A comparator with adjustable hysteresis, 
preventing spurious triggering of the 
output. This compares a thermistor 
voltage, a function of the room 

• 
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Table 1. Minimum Repetition Periods for Domestic Heater Applications 

APPLIANCE 
POWER (W) 220V 

SOO 0.2 
800 0.8 
1000 2.0 
1200 4.6 
1400 7.0 
1600 10 
1800 16 
2000 24 
2200 32 
2400 40 
2600 
2800 

temperature, with the voltage from the 
temperature selection dial. 

• A voltage translation circuit for the 
potentiometer input Normally, the 
relatively small temperature variation in 
a room (5·C to 30·C) corresponds to a 
narrow angle of rotation of the 
potentiometer shaft. Use of this circuit 
doubles the angle of rotation of the 
potentiometer shaft for the same 
temperature range. 

Rp 

REPETITION PERIOD to (8) 

240V 380V (AC) 

0.2 
0.3 0.1 
1.0 0.2 
2.0 0.2 
4.3 0.2 
6.3 0.3 
8.9 0.5 
13 0.9 
17 1.3 
24 1.9 
31 2.6 

3.6 

• A sensor fail-safe circuit to prevent 
triggering if the thermistor input 
becomes open or short-circuited. 

• A timing generator with an adjustable 
proportional band. This allows a full 
100% control of the load current over a 
temperature range of only 1·C. It can 
be adjusted to work over a range of 
5·C. The repetition period of the timing 
generator may be set by an external 
capacitor to conform to the CENELEC 
speCifications for mains load switching. 

~lOV,.(PIN1t) 

v,. 

Rl 

-TO 

THERMISIOR 
14 
+ 

R4 rCa .,.. 
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• An output amplifier with a current-limited 
output. The amplifier has an output 
current capability of at least 200mA and 
is stabilized to 10V while the current 
limit is not exceeded. 

• Two input buffers, to isolate the voltage 
translation circuit and comparator from 
external influences. 

• A control gate circuit to activate the 
output if there is a mains zero-crossing, 
the comparator is ON and the fail-safe 
comparator is OFF. 

Although deslgnsd specifically for time-pro
portional control, the TDA 1023 is also suit
able for applications requiring onloff control if 
the timing generator is not used. In that case, 
Pin 12 must be connected to ground to inhibit 
the timing waveform. 

SELECTION OF EXTERNAL 
COMPONENTS 
The external components required by the 
TDA 1023 determine the operating character
istics of the device. The following paragraphs 
describe the selection of these components 
to ensure reliable operation under worst-case 
conditions. 

II 

11 13 

v,. .,.. 

Figure 3_ Block Diagram of the TDA1023 and the Required External Components 

February 1987 8-252 



Signetics Unear Products 

Design of Time-Proportional Temperature 
Controls Using the TDA 1023 

14 12 

Application Note 

AN1291 

l.o--~I?-"""""-"""'Yr+----------t-----------_A 

~~~ TIMING 
GENERAtOR 

~ ; ~~~~~~~~~~~~~~~~~~~r---B 
~~~ ~ ~ h< ~ I 

, -~ ~ _:'V Vrl KJ l~)fV ~ , 
131~GNDITI ,r=cn~n~nri~rl ~rj~Jl=== ;~kr===rt--.: 
,,--------- ---~--------.-------------.------------------ ----------

8 ! OO~~R ! 10 ~ 
B----~~~~r_+_H_~~~~-+-_+-~~~~ro 

o-------«::.k! fi; ~ 

~::;~±=====~======pc==~~==~t=============~ - ______ -, ____ L _______ ..1 ______ ----- J..IE=--------------r--t--
c """---t'" 

GND 
INPIIf_ I CCMPARA10R 4 I OONTROL GAlE OUTPUT AllPUFIER 

Figure 4. Circuit Diagram of the TDA 1023 
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LOAD 

VT 
8 

The main advantage of triggering at the 
instant when the applied voltage passes 
through zero is that this mode of operation 
renders the use of RF suppression compo
nents unnecessary. For time-proportional 
control, continuous conduction of the triac 
may be required for many cycles of the mains 
supply. To maintain conduction while the load 
current is approaching the zero-crossing, the 
trigger pulse must last from the time when the 
load current falls to the value of the triac 
holding current (IH), until the time when the 
load current reaches the triac latching current 
(IJ. In general, the latching current of a triac 
is 20% higher than the holding current, so the 
minimum trigger pulse duration may be taken 
as twice the time for the load current in the 
triac (IT) to rise from zero to the triac's 
latching current (see Figure 5). 

Figure 5. Definition of Minimum Trigger Pulse Width for 
Mains Zero-Voltage Triggering 

trigger pulse width (tp) is therefore a function 
of: 
• The triac latching current (IJ 

• The applied AC voltage (v = V sinwt) 

• The load resistance (R) 
• The on-state voltage of the triac (VT) at 

IL· 

The following equation can be derived: 

Assuming that the load resistance has a 
tolerance of 5% and the AC voltage variation 
is 10%, the minimum required width of the 
trigger pulse in the worst case is: 

2(1.05RIL + VT) 
tp MIN = 0.9w-y'2V8 

The current passed by the triac is a function 
of its on-state voltage, the load resistance, 
and the applied AC voltage. The required 

2(ILR + VT) 
tp = dv/dt at t = O. 

V 2 
in which R = ~, where P is the nominal 
heater power aRd Vs is the nominal supply 
voltage. 

February 1987 
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Figure 6. Minimum Pulse Width as a Function of Switched Power for Four Supply Voltagea, 
With Latching Current a8 a Parameter 
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Using this equation, with values of 30mA, 
60mA, l00mA, and 200mA for the triac latch
ing current Il' and a maximum on-state volt
age of 1.2V at Il' the graphs of Figure 6 were 
computed. These show tp MIN as a function 
of P, with Il as a parameter, for four common 
mains voltages. 

Synchronization Resistor 
the zero-crossing detector used to provide 
trigger pulse synchronization is a current 
comparator. It compares the current through 
the synchronization resistor (Rs) with a fixed 
Internal reference current As the supply volt
age passes through zero, the current in the 
synchronization resistor becomes less than 
the reference current and a trigger pulse is 
given until the current in Rs increases above 
the reference current. 

Thus, the duration of the trigger pulse de
pends upon the rate of change of current In 
Rs at the supply voltage zero-crossing point. 
This rate of change is affected by: 
• the AC supply voltage 

• the supply frequency 

• the value of the synchronization resistor. 

The general expression for the width of the 
trigger pulse is: 

• lmA 
tp-tpX--

110 

where 110 is the RMS current flowing into Pin 
lOin mA, at 50Hz, and tj. Is the specified 
trigger pulse at 110 = 1 mAo 

When the frequency of the supply is not 
50Hz, the value of Ip may be found by 
multiplying the right-hand side of the equation 
by the factor: 

50 

fSUPPlY 

The minimum width of the trigger pulse avail
able from Pin 3 of the TDA 1023 is specified In 
the published data as lOOps with a synchroni
zation current into Pin 10 of 1 mA at 50Hz. 

Assuming a tolerance of 10% for the mains 
supply voltage and 5% for the synchroniza
tion resistor, the worat-case minimum trigger 
pulse duration for the TDA 1023 appears to 
be: 

0.95Rs 
Ip MIN = 0.1 --ps. 

I.Ws 

This, however, is not realistic because the 
longest trigger pulse is required when the rate 
of change of the triac current is slowest, i.e., 
when the applied voltage is minimum (see 
Figure 5). The true worst-case therefore oc-

February 1967 

curs when the applied voltage is minimum 
and the pulse due to Rs is minimum. This Is 
given by: 

0.95RS 
Ip MIN - 0.1 --ps. 

0.9Vs 

Figure 7 shows the value of Rs as a function 
of the required trigger pulse width with the AC 
supply voltage as a parameter. 

Figure 7. Synchronization Resistor 
Values as a Function of Required 
Trigger Pulse Width WIth Applied 

AC Voltage as a Parametar 

Gate Resistor Value 
The guaranteed minimum amplitude of the 
output trigger pulse at Pin 3 of the TDA 1023 
is specified as 10V at an output current of 
200mA. The output voltage is at least 10V for 
all values of output current less than 200mA. 
The output stage is protected against dam
age due to short-circuits by current-limiting 
action when the current rises above 200mA. 

Although the output is current-limitad, It is still 
advantageous to include a gate series resis
tor in the circuit. Inclusion of a gate resistor to 
limit the gate current to the minimum value 

required reduces the overall current con
sumption and the power dissipation in the 
mains dropping resistor. Furthermore, the 
point at which current limiting occurs is sub
ject to considerable variation between sam
ples of the TDA 1023: a gate resistor will 
reduce the effect of this in production circuits. 

The rectangular output V /I characteristic of 
the TDA1023 is shown in Figure B. Losd lines 
for various values of gate resistor (with a 
worst-case tolerance of +5%) have been 
plotted on this diagram so that the maximum 
value of gate resistor can be selected by 
plotting horizontal and vertical lines to repre
sent the required minimum gate current and 
voltage. The following example illustrates the 
use of Figure B. 

The triac to be triggered is a type BT139. The 
trigger pulse requirements for reliable trigger
ing of all devices at O·C are: 

IGT MIN = 72mA; 

VGT MIN = I.BV. 

The lines representing VGT = 1.6V and 
13 - 72mA cross between the load lines for 
gate resistor values of toOn and 120n. The 
maximum value of gate resistor is thus loon 
for this example. 

If gate resistor values are to be calculated 
more accurately, Figure 9 shows that: 

VS-VGT MIN 
RG MAX = 1.051s 

where V3 is stabilized to 10V and the resistor 
tolerance is 5%. 

Gate Termination Resistor RpD 
The TDA 1023 has a resistor of apprOximately 
1.5kn between Pin 1 and Pin 13. This is 
intended for use as a pull-down resistor when 
sensitive triacs are being used. 

15r---------r---------,---------,---------, 

Figure 8. Gate Voltage as a Function of Output Current 
With Gata Reststor Load Unas 
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TDA1023 

13 

Figura 9. Inclusion of a Gate Series Resistor to Limit Trigger Current 

Hysteresis Resistor R4 
The comparator of the TDA 1023 is designed 
with built·in hysteresis to eliminate instability 
and oscillation of the output which would 
cause spurious triggering of the triac. Aparl 
from providing a stable two-state output, the 
hysteresis gives the comparator increased 
noise immunity and prevents half·waving. 

Figure 10 shows the application of hysteresis 
to the comparator and the transfer character· 
istic obteined. The comparator switches when 
the voltage at point A becomes equal to the 
reference voltage, V7. The current source IH 
is switched· on when the voltage at Pin 6 is 
Low. As the voltage at Pin 6 rises, corre· 
sponding to a drop in temperature, the volt· 
age at point A also rises, but, because of the 
current IH being drawn through RH, VA is IH 
RH less than Ve. For the comparator to 
switch, Va must increase to a value of 
V7 + IHRH, corresponding to VA equal to V7. 
At this point the circuit switches and the 
current IH Is turned off, resulting in an in· 
crease of IHRH volts at point A. For the circuit 
to switch back to its original state, the voltage 
Ve must decrease by IHRi! volts. 

The built·in hysteresis Is 20mV; this may be 
increased by adding a resistor (R4) from Pin 4 
to ground which increases the current IH. Pin 
4 shorted to ground gives a maximum of 
320mV. Table 2 gives the value of R4 for a 
range of hysteresis settings. 

Table 2. Choice of Hysteresis 
According to Proportional 
Band Setting 

PROP. 
Rs 

MIN MAX 
BAND HYST R4 
(mV) 

(kO) 
(mY) (kO) 

80 20 
160 3.3 40 9.1 
240 1.1 60 4.3 
320 0.43 80 2.7 
400 0 100 1.8 

February 1987 

The Proportional Band Resistor 
Rs 
The proportional band is the voltage range at 
Pin 6 that provides control from 0% to 100% 
of the load power. The TDA1023 has a built·in 
proportional band of 80mV (corresponding to 
about 1 0c) which can be increased by the 
addition of resistor R5 between Pin 5 and 
ground. The maximum proportional band of 
400mV is obtained by shorting Pin 5 to 
ground. The proportional band is derived from 
the triangular timing waveform, Figures 11 
and 12. 

When the proportional band (V pb) is in· 
creased, it may be necessary to incresse the 
hysteresis voltage (Vh) according to the reo 
quirement: 

In accordance with this requirement, Table 2 
gives a range of proportional band settings, 
the values of R5 required for these, the 
corresponding minimum hysteresis voltage 
and the maximum value of hysteresis resistor 

R4' 

Timing Capacitor CT 
The minimum repetition period required for a 
particular application can be found in Table 1. 
This timing is selected using the extemal 
capacitor c,: connected between Pin 12 and 
ground. Typical electrolytic capacitors have 
wide tolerances: +50% to -10%. Moreover, 
the effective DC capacitance is different from 
the marked (AC) value, usually 20% greater. 
Thus, the use of standard capacHors may 
lead to repetition periods far in excess of 
those required. 

Special capacitors 
A special range of electrolytic capacitors has 
been developed for use with the TDA 1023. 
These have the following advantages: 
• Effective DC capacitance is known for 

each marked AC value 
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• Tolerance for the DC capacitance is 
±20% 

• Very low leakage current « lIlA) 
• Long lifetime (> 100,000 hours at 

40°C). 

Table 3 gives details of these capacitors. In 
all further references to Cy, the use of the 
special capacitors Is assumed. 

The timing circuit 
The TDA1023 employs a triangular waveform 
for timing purposes. This gives two advan
tages over the conventional sawtooth wave
form: 
• For a given capacHor value, the 

triangular waveform provides twice the 
repetition period that the sawtooth 
gives, allowing the use of smaller 
capacitors. 

• The effects of the capacitor leakage 
current are minimized, reducing the 
spread in repetition periods. 

Figure 11 shows the generation of the trian· 
gular waveform using two current sources. 

The published data for the TDA 1023 specifies 
the repetition period as 0.6 ±0.2s/pF. The 
special capacitors have ± 20% tolerances. 
The value of a capacitor required for a 
particular minimum repetition period is given 
by: 

0.8"- = to MIN 
VI 0.4' 

where Cy is in p.F and to In seconds. 

The maximum value, to MAX, resulting from 
the use of the capacitor to achieve the 
required to MIN may be derived from the 
equation: 

to MAX = 1.2Cy X 0.8 

where Cy is in p.F and to in seconds. 

Figure 13 shows the repetition period as a 
function of the timing capacitor for nominal 
and worst·case conditions. Table 4 is derived 
from Figure 13 and shows the minimum 
preferred value of Cy (DC value) to provide 
the required minimum repetition time for a 
range of appliance powers operating at 220V 
AC. The resulting nominal, minimum, and 
maximum repetition times are also given. In 
the case of 1.8 and 2kW appliances, the 
minimum time is slightly less than that re
quired. However, this situation Is unlikely to 
occur in practice; if larger capacitors are 
used, the nominal repetition times become 
very long. 
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Figure 11. Generation of the Triangular Timing Waveform Using Internal 
Reference Voltages VREF' and VREF2 
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INFLUENCE OF THE INPUT 
VOLTAGE TRANSLATION 
CIRCUIT ON THE DESIGN OF 
THE TEMPERATURE SENSING 
BRIDGE 
Many arrangements of temperature sensing 
networks are possible; the circuit of Figure 14 
requires a minimum of components and pos
sesses the advantage of eliminating perfor
mance spreads due to potentiometer toler
ances. When room heaters are to be con
trolled, the voltage variation at the NTC 
thermistor will be very much less than the 
available voltage variation at the potentiome
ter. This will result in the required temperature 
range being controlled by a very small angle 
of rotation of the potentiometer shaft. The 
voltage translation circuit incorporated in the 
TDA1023 allows the use of 80% of the 
potentiometer rotation for the normal range of 
room temperatures. allowing far more accu
rate control of the temperature. If the voltage 
translation circuit is not used, Pins 9 and 11 
must be shorted together to disable the 
circuit. 

The transfer characteristic of the translation 
circuit is shown in Figure 15. Because only 
BO% of the potentiometer is used, the mid
point of the slider voltage range is at 60% of 
V", which must correspond to the thermistor 
voltage at 20°C. From Figure 14: 

giving: 

where R20 is the thermistor resistance at 
20°C. 

The resistance of an NTC thermistor at a 
given temperature is determined by the equa
tion: 

RNTC = A exp (BID n 

where A = R251 { exp(B/29B»), B is a constant 
for the device type, and T is the temperature 
in degrees Kelvin. 

The characteristics of a suitable NTC thermis
tor (catalog number 2322 642 12223) are: 

R25 = 22kn ± 10%; 

B =4200 ±5%. 

I 
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Figure 12. The Proportional Band Is Produeed by a Triangular Current 
Waveform Ipb 

Table 3. Special capacitors for use With TDA 1023 

MARKED AC EFFECTIVE CATALOG 
SPECIFICATION DC VALUE NUMBER 

(pi') (V) (PF) 

47 25 68 2222 018 90129 
33 40 47 2222 018 90131 
22 25 33 2222 015 90102 
15 40 22 2222 015 90101 
10 25 15 2222 015 90099 
6.8 40 10 2222 015 90098 

Table 4. Repetition Time Capacitor Values for 220V Operation 

APPLIANCE to Or 
POWER (CENELEC) (DC) 

(W) (sec) (pi') 

2000 24 68 
1800 16 47 
1600 10 33 
1400 7 22 
1200 4.6 15 
1000 2 10 
800 0.8 10 
600 0.3 10 

120 
1o .... =D.8X1.1Cr • 
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Figure 13. Repetition Period to as a 
Function of the Timing Capacttor for 

Nominal and Woret-ca .. Values 

A thermistor with these values is chosen to 
provide a compromise between low current 
consumption and noise sensitivity: high im-

February 1987 

to NOM to MIN to MAX 
(sec) (sec) (sec) 

41 22 65 
28 15 45 
20 11 32 
13 7 21 
9 4.8 14 
6 3.2 9.6 
6 3.2 9.6 
6 3.2 9.6 

pedanee reduces current but increases noise 
sensitivity. 

The thermistor resistance at 20·C is thus: 

R20 - R25 exp (4200/293 - 4200/298)n 
-27.982kU 

This gives a value of 18.654kn for R1; a 
practical value is 18.7kn ± 1 %. 

LIMITATION IMPOSED UPON 
THE VALUE OF RESISTOR Rl 
DUE TO THE FAIL-SAFE 
CIRCUIT 
The TDA 1023 Is fail-safe for both short-circuit 
and open-circuit conditions. Either of these 
conditions will prevent production of trigger 
pulses for the triac. 

Short-circuit sensing is automatically obtained 
from the normal temperature sensing circuit. 
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When the thermistor input voltage is zero. the 
triac will never be triggered because the 
potentiometer slider voltage will be higher. 
Normally the use of the voltage translalion 
circuit gives a minimum slider voltage of 20% 
of V11. 

To sense the open-circuit thermistor condi
tion, an extra comparator is used. This fail
safe comparator will inhibit output pulses If 
the thermistor input voltage rises above 0.95 
V11 (see Figure 16). 

From Figure 16 the maximum permissible 
value of RNTC is given by: 

RNTC 
V11--- < 0.95V11 

RNTC+R1 

which gives, 

For normal operating conditions, even at very 
low temperatures, the NTC thermistor resis
tance will not increase sufficiently to violate 
the condition specified above for the value of 
R1 determined in the previous section. 

VALUE OF POTENTIOMETER Rp 
It is desirable to keep the current consump
tion of the temperature sensing bridge as low 
as possible to avoid excessive power dissipa
tion in the mains dropping circuit compo
nents. A reasonable limit to the bridge current 
is 1 mAo The current in the bridge, leR' Is given 
by: 

ISR", __ V1_1_+ V11. 
R1 +RNTC Rp 

The reference voltage V 11 will never exceed 
9V (nominally 8V). The maximum value of ISR 
will occur when RNTC is a minimum, gMng the 
approximate condition: 

Assuming the value of R1 that was deter
mined in the previous sections, a suitable 
value of Rp is found to be 22kn. 

DETERMINATION OF MAXIMUM 
AVERAGE OUTPUT CURRENT 
Before any calculations concerning the re
quired supply current can be made, the maxi
mum average output current of the TDA 1023 
must be determined. For the worst-case con
ditions, a 5% tolerance for Rs and Ro and a 
10% variation of the mains is assumed. The 
maximum value of the trigger pulse, Ip MAX, is 
specified in the published data as 300ps at 
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Figure 15. Voltege Translation Circuit (a) and Its Transfer Chsracteristlcs (b) 

110 - 1 mARMS at a frequency of 50Hz; Va MAX 
is specified as 15V. 

The maximum average output current, 
la(AvG) MAX, can be determined from the 
equation: 

February 1 987 

la(AVG) MAX - la MAX tp MAX N 

where tp MAX is expressed in seconds and N 
is the number of pulses/second. 

Under the worst-case conditions, assuming 
that V GTmIn for the triac Is zero, the maximum 
bigger current is: 
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and the maximum pulse length at 50Hz is: 

1.05 Rs 
tp MAX - 0.3 ---10-8s. 

O.BVs 

The final equation for la(AvG) MAX is: 

Rs 4 
la(AVG) MAX m 5.53 -- 10- A. 

VSRG 

Figure 17 shows graphs of la(AvG) MAX as a 
function of RG with Rs as a parameter, for 
four 50Hz supply voltages. When the curves 
reach tha value of 220 for RG, there is no 
further increase in la if RG is decreased as the 
output current is limited to 700mA. 

MINIMUM REQUIRED SUPPLY 
CURRENT 118 
The minimum supply current required at Pin 
16 of the TDA 1023 is the sum of the following 
currents: 
• the maximum average output current 

• the current drawn by the external 
temperature·sensing circuit 

• the current raquired by the integrated 
circuit. 

The maximum average output current has 
been determined in the previous section. The 
current drawn by the temperature·sensing 
circuit must not be greater than 1 mAo 

The current consumption of the internal cir-
cuits of the TDA 1023 depends upon the 
hysteresis and proportional band settings and 
whether the circuit is in the ON or OFF state. 
The circuit draws more current in the ON 
state to provide the output current pulse. With 
Pins 4 and 5 open·clrcuit (hysteresis and 
proportional band at minimum) the maximum 
current consumption is 6mA. When Pins 4 
and 5 are connected to ground, the current 
consumption increases by 1.1 mAo Figure 18 8 
shows the minimum required supply current 
as a function of the maximum average output 
current for maxima and minima of hysteresis 
and proportional band settings. 

DETERMINATION OF THE 
VALUE OF THE MAINS 
DROPPING RESISTOR RD 
The value of the mains dropping resistor must 
be chosen such that the average supply 
current to Pin 16 of the TDA 1023 Is at least 
equal to the required minimum. 
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TIlI\1023 
O.85VI1 

VI1 IWlAAFECOMPARA'IOR 

R1 

Rn: 
-TO 

TC14130S 

NOTE: 
An extra comparator Is included to provide fall-sa'e action should the 
thermistor Input become open-clrcult. 

Figure 16 

Figure 19 shows the supply circuit and the 
mains voltage waveform. The shaded area 
denotes a positive voltage across the drop
ping resistor providing supply current. 

During the positive half-cycle of the mains 
voltage, the current supplied through RD is 
given by: 
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a2 

1 f../2Vs Sin a-V18 
118(AVG) = 2" R da. 

1r a1 D 

Assuming 10% mains voltage variation, 10% 
tolerance for RD and a maximum of 16V at 
Pin 16, the worst-case condition is given by: 

a2 

1 fO.9v'2VSslna-16 
118(AVG) MIN = 2" 11R da. 

1r a1 . D 

in which al = 1r -1l2 = arcsin 16/(0.9v2Vs) = 
arcsin 12.58IVs. Using this equation, grephs 
of 118(AVG) MIN as a function of RD have been 
drawn for four supply voltages and are shown 
In Figure 20. 

MINIMUM PERMISSIBLE VALUE 
FOR RD 
The maximum value of the resistor RD Is 
defined by the maximum current that can flow 
into Pin 16, the maximum peak mains voltage, 
and the minimum voltage at Pin 16. The 
published data for the TDA 1023 specifies the 
absolute limit for 116 as: 

116(AVG) MAX = 30mA 
and 116M MAX = 100mA. 

3OO~nm~--~~V~a'~220~~~80~H~' 

§: 
,.'" 

22 ------------~-----~ 
°O~---------I~O--------~m 

1_ .. (mA) 

OP11371S 

300 
V8=240~50HI 

Ra " 
180110 
180110 
470110 - 380110 
330110 
270110 
220110 
180110 

180 1 110 

OP11850S 

R." 180110 
_110 
470110 
3110110 

110 
270110 
220110 
IlOIlO 
llOkO 

oL-------~----~~-J 
o 10 

IOc-l_(mA) 

10 
1_(mA) 

m 

OP11221S 

m 

""'''80S 
Figure 17_ I3(AVO) MAX 88 a Function of Resistor Ro With Synchronization Resistor Rs and Mains Voltage 88 Parameters 
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The peak current flowing inle Pin 16 Is given 
by: 

V2VS-YI6 MIN 
116 MAX- Ro 

For a sinusoidal supply voltage, the relation
ship between the peak and average current 
inle Pin 16 is: 

116 MAX 
--~1r. 

116(AVG) 

Because the ratio of the spacified limits for 
the peak and average supply current, 100/30, 
is greater than 1r, the minimum value of Ro is 
defined by 116(AVG) MAX: 

V2Vs MAX-VI6 MIN 
Ro MIN - ...:..-=c.::::.::.:----.:.;:,,::;:::.: 

1r116(AVG) MAX 

Assuming a 10% variation in the supply 
voltage and Ro, the minimum value for the 
dropping resister is: 

1.1Vs~ 
0.9Ro MIN - 0.031r 

Table 5 shows practical values for Ro MIN for 
four common mains supply voltages. 

Table 5. Practical Mains 
Dropping Resistor 
Values 

SUPPLY 
RD MIN 

PRACTICAL 
VOLTAGE VALUE OF 

Vs (V) 
(n) 

RD MIN (kn) 

110 1870 2.0 
220 3887 3.9 
240 4254 4.3 
380 6821 7.5 

~r-----~-----+--~~ 

ilS~--~--~~~ 

J10~----~--~~------~ 

""',"'" 
Filiure 18. Minimum Required SUpply 

Current .. e Function of Averelle 
TrIgger Current, WHh Hyateresls and 

Proportional Band SettIngs 

DETERMINATION OF POWER 
DISSIPATED IN MAINS 
DROPPING RESISTOR RD 
The general expression for the power dissi
pated by resister Ro in Figure 19 is: 

V2RMS 
P=-

Ro 

in which, 

a2 

V2 RMS = ~ f (V2Ys sin a- V16 )2da 
21r al 

21r 

+..:. ~~)2da. 
21rJ< 

11' 

If supply voltage variations of 10% and a 
tolerance of 10% for Ro are assumed, the 
maximum power dissipated by Ro Is given by: 

a2 

PMAX=~x_l_f 
21r 0.9Ro al 

(1.1 V2Ys sin a - 12.5)2da 

211' 

1 1 r 
+ - X -- J (1.IV2Vs sin a)2 da. 

211' 0.9Ro 11' 

Values of PMAX have been computed for four 
mains voltages as a function of Ro and the 
results plolted on the graphs of Figure 20. 

The power dissipated in Ro may be consider
ably reduced by the addition of a series diode 

v. 

, .. 

Ii 18 14 

~ 

v. l -
TDA1023 ~~ 

18 
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as in Figure 23. In this case there is no 
conduction through Ro during the negative 
half-cycle of the supply voltage, giving a 
reduction of more than 50% of the power 
dissipated In RD. For worat-case conditions, 
the power dissipation when a series diode is 
included in the mains dropping circuit is given 
by: 

a2 

PMAX=~x_l_f 
2". 0.9Ro al 

(1.IV2Vssina 12.5)2da. 

Values of PMAX as a function of Ro, with the 
series diode present, have also been calcu
lated and plotted in Figure 20 to allow easy 
comparison with the values obtained without 
the series diode. 

USE OF A CAPACITOR TO 
REDUCE POWER DISSIPATION 
It is possible Ie replace the mains dropping 
resister and series diode with a capacitor 
(Figure 21), and thereby reduce the power 
dissipation in the voltage reduction compo
nents still further. However, for mains volt
ages below 220V, the power dissipated by 
the dropping resistor is comparatively small 
and the use of a capacitor Is not considered 
Ie be necessary. For mains voltages above 
24OV, the additional cost of the required high
voltage capaciler is not justified. For these 
reasons, It Is recommended that capacitive 
voltage reduction is only used with mains 
supplies of 200VRMS or 24OVRMS. 

VIUPI'U' •• + t ~-IL---!' Cs 
IIV v. .. .. 

WF181atS 

':' 
TC14140S 

.. Peremetara Flllure 19. Mains SUpply Circuit and Voltalle Waveform 
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When selecting a capacitor for mains voltage 
reduction, the following points must be con
sidered: 
• The specHied maximum AC voltage for 

the capacitor must be compaUble with 
the mains supply voltage; 

• Inrush current must be limited to less 
than 2A by a series resistor (Rso); 

• Mains-borne transients must be 
suppressed to limit the maximum current 
to Pin 16 to less· than 2A; 

• The value of the capaCitor must be 
calculated as e function of the required 
average current at Pin 16 of the 
TOA 1023, using the mains voltage as a 
parameter. The maximum permissible 
value of the capacitor must be 
calculated to ensure thet, under worst
case conditions, the maximum 
permissible current into Pin 16 is not 
exceeded. 

supp ...... on of mains-born. transients 
A voltage-dependent resistor must be con
nectad across the mains Input to limit mains-
borne transients to: . 

VTRANS - 1188M X 0.95Rso 

where 1188M Is the maximum permitted non
repatltive peak current at Pin 16 (2A). 

For Rso - 390n, this yields a maximum tran
sient voltage of about 74OV. For 220Vopera
tion, a VOR (catalog number 2322 594 
13512) will limit the supply voltage to the 
required level during current transients of up 
to about 20M. For 240V operation, a VOR 
(catalog number 2322 594 13912) will limit 
the supply voltage to the required level during 
current transients of up to about 6OA. 

Limit of Inrush Current 
Resistor Rso must also limit the peak value of 
the inrush current to less than 2A under 
worst-case operating conditions. With a 
240VAMS supply, the value of 3900 will limit 

• , 
11 

c 
RD 
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the worst-case peak value of the in rush 
current to: 

240 X 1.1 
0.95 X 390 v'2 - 1.01 A. 

Dropping Capacitor Value 
The average current supplied to Pin 16 of the 
TOA 1023 via capacitor Co is given approxi
mately by: 

116(AVG) = 1 v'2'Ts=V1s 
1T y(A"so +_1 ) 

oIc'o 
When worst-case tolerencas are taken into 
account, the minimum average clirrent 
through the capacitor is given by: 

1 09V2Vs-V 8 116(AVG)MIN _ -' , MAX 

1T Y { 1.IA'so+ (_1_)2 } 
O·9wCo 

where VIS MAX - 16V and Rso - 3900. , 

v. = 220 v 

/ 1 
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Using this equation, values of Co have been 
computed as a function of the minimum 
required average current into Pin 16 for mains 
voltages of 220VRMS and 240VRMS. The re
sults have been plotted in the graphs of 
Figure 21, allowing simple selection of the 
capacitor value once the minimum required 
average current is known. 

Maximum Permissible Value for 
the Capacitor CD 
The capacitor Co must not be chosen so 
large that the current Into Pin 16 of the 
TOA 1023 violates the absolute maximum 
specified in the published data. Assuming a 
10% tolerance for Co and a 10% variation in 
the mains voltage, the maximum value of Co 
that may be used Is given by: 

11"116 AVMAX 
1.1Co MAX = . r.; 

1.1wVsv 2 

where the effect of Rse on the calculation of 
CO MAX is so small that It may be Ignored. 
The values of CO MAX obtained from this 
equation are given in Table 6. 

Power Dissipated by the Series 
Resistor RSD 
The power dissipated by the 3900 resistor 
Rso is given by: 

where lIe RMS may be approximated to: 

Assuming tolerances of 10% for Rso and Co 
and a mains variation of 10%, the worst-case 
maximum power dissipation in resistor Rso is 
given by: 

The power dissipated in Rso has been plotted 
as a function of the supply current 116(AVG) 
and is shown in Figure 21. 

SMOOTHING CAPACITOR Cs 
The smoothing capacitor is required to provide 
the supply current to the TOA 1023 during the 
negative half-cycles of the mains voltage 
waveform. As the TOA 1023 possesses an 
Intemal voltage stabilization circuit, a high 
ripple voltage can be tolerated at Pin 14. 

The value of the smoothing capacitor is given 
by: 

It 
Cs>-

VR 
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where: I - the maximum average cur
rent consumption during the 
half-cycle. This is never 
more than 2OmA. 

t - the time for which the cur
rent must be supplied; 10ms 
for 50Hz mains supplies. 

VR - the maximum acceptable 
ripple voltage at Pin 14; 1V. 

Using these figures, the required value for Cs 
Is 200jlF. A practical preferred value Is 
220jlF, 16V. 

TRIAC PROTECTION 
If the mains dropping circuit consists of ca
pacitor Co and resistor Rso, a VOR must be 
included in the circuit as described in the 
section dealing with the use of a dropping 
capacitor. This VOR will also protect the triac 
against current surges in the mains supply. 

However, if the mains dropping circuit con
sists of resistor Ro and diode 010 the VOR 
may be connected directly across the triac, 
giving improved protection due to the series 
resistance of the heater. Current surges in the 
supply will not harm the TDA 1023 as the 
dropping resistor will limit the current to a 
sefe level. 

EFFECT OF BRIDGE 
COMPONENT TOLERANCES ON 
THE ACCURACY OF 
TEMPERATURE CONTROL 
The general expression for the voltage 
across the thermistor at a temperature of T"C 
is: 

R25 exp (B/(273 + n - B/298) 

VT=Rl +R25 exp (B/(273+ n-B/298) VII· 

In order to calculate the maximum and mini
mum values of VT, tolerances of 10% for R25, 
5% for B and 1 % for Rl have been assumed. 
Table 7 shows the combination of tolerances 
used to calculate the worst-case values of VT 
for temperatures above and below 25·C. 

The ratios V eN 11 and VeN 11, as functions of 
temperature, are plotted In Figure 22 for 
nominal and worst-case values of VT. 

If it is assumed that the potentiometer has a 
linear temperature scale, represented by the 
broken line in Figure 22, then the maximum 
deviation of the actual temperature from the 
selected temperature is found by drawing a 
horizontal line intersecting the broken line at 
the given temperature. The intersection 
points with the worst-case curves then give 
the maximum temperature deviation. Table 8 
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shows the possible worst-case temperature 
errors for a series of temperatures in the 
range of application. 

REDUCTION OF TEMPERATURE 
ERROR BY SCALE CALIBRATION 
The error of a temperature control unit built 
on the described principles can be consid
ered mainly as an offset, which can be 
corrected by shifting the temperature scale 
on the potentiometer. Scale calibration can 
best be accomplished by maintaining the 
thermistor at a constant, known temperature 
and adjusting the potentiometer until trigger 
pulses just oocur. The scale is then fixed so 
that the control pointer indicates the known 
temperature of the thermistor. To minimize 
errors, the calibration should be performed 
with the thermistor at 20·C (mid-point of the 
range) and the timing generator inhibited (Pin 
12 connected to OV). 

Use of this scale calibration technique results 
In a temperature control accuracy of + 0.2 to 
-0.1·C over the range 10·C to 30·C as 
shown in Table 9. 

SENSITIVITY OF THE 
TEMPERATURE·SENSING 
BRIDGE 
To determine the choice of hysteresis and 
proportional band, the sensitivity of the temp
erature-sensing network must be known. As 
the thermistor is not a linear device, the 
sensitivity will vary according to the tempera
ture. The sensing network is shown in Figure 
14. The voltage at Pin 6 is given by: 

A exp (Bm 
Va - Rl + A exp (Bm VII' 

From which the sensitivity is: 

dVe = -BRIA exp (Bm 
2 2 VII' dT T (Rl +A exp (Bm) 

Table 10 is based on this equation and shows 
the effect of sensitivity on the hysteresis and 
proponional band for the temperature range 
10·C to 30·C. 

APPLICATION EXAMPLES 
The TOA 1023 is intended primarily for room 
temperature control using electric panel heat
ers. The controllable heater power range is 
from 400W to 2000W, although the upper 
limit may be increased by suitable choice of 
triaes and/or heatsinks. The TOA 1023 may 
also be used as a time-proportional switch for 
cooker elements and similar devices, giving 
100% control of the power diSSipation. 

• 
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A Design For Temperature 
Control Of Domestic Panel 
Heaters 
Figure 23 shows the design for a time· 
proportional heater control using the 
TDA 1023. Because of the economies that 
may be gained by the use of smaller or lower 
power components, two versions are de· 
scribed. Version A, for heaters from 400W to 
1200W, uses triac BTl38 and a ISpF timing 
capacitor; version B, for heaters from 1200W 
to 2000W, uses triac BTl39 and a 68pF 
timing capacitor. 
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Figure 21. Using a Capacitor for Mains Voltage Dropping 

Table 6. Practical Dropping CapaCitor Values 

SUPPLY 
CD MAX PRACTICAL VALUE OF 

VOLTAGE 
VsM 

(nF) CD MAX (nF) 

220 797 680 
240 730 680 

Table 7. Tolerance Combinations for Thermistor Voltage 
calculations 

TEMPERATURE FOR VT MAX FOR VT MIN 

! R2S+ 10% R2S- 1O% 
T < 25°C B+5% B-5% 

R,-I% R, +1% 

! R25+ 1O% R2S- 1O% 
t> 25°C b-5% b+5% 

R,-I% R,+I% 
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NOTES: 
A - Nominal Curve, B - Maximum Curve, 
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The broken line represents the ideal linear 

function. 

Figure 22. Nominal and Worat-Caaa 
Valuea of V 6 a8 a Function of 

Temperature 

Table 8. Maximum Deviation 
From Selected Temperature 

SELECTED DEVIATION 

TEMP. Upper Lower 
eC) (OC) (OC) 

5 +2.3 -3.6 
10 +2.6 -2.8 
14 +2.6 -2.7 
20 +2.4 -2.7 
26 +2.3 -2.6 
30 +2.6 -2.6 
35 +3.0 -3.0 

Table 11 gives the necessary component 
values for each of these versions for use with 
mains supplies of 220V. 50Hz. All figures in 
Table 11 have been calculated using the 
equations given in the previous sections, 
allowing for worst-case conditions. Because 
each version is designed to control a range of 
heater powers, it follows that each may not 
be ideal for ali load powers in the range. If the 
ideal circuit is required, then this must be 
calculated as shown in the earlier sections. 

The capacitor Cl has been included in the 
circuit of Figure 23 to minimize the effects of 
any interference picked up in the sensor lines. 
This is only necessary when the sensor is 
remote from the control circuit. The built-in 
hysteresis and proportional band have been 
designed to provide optimum performance for 
panel heaters, so Pins 4 and 5 are not 
connected. 

Design Of Temperature Control 
For 220V, 50Hz Operation With 
2kW Load 
For a load power of 2kW the triac BT139 
must be used. The relevant data for this triac 
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(also applicable to move the BT138) are 
given In Table 9. 

Table 9. Maximum Deviation 
From Selected Temperature 
Scale Calibrated at 20·C 

SELECTED DEVIATION 

TEMP. Upper Lower 
(OC) 

eC) eC) 

5 -0.1 -0.9 
10 +0.2 -0.1 
14 +0.1 0 
20 0 0 
26 -0.1 +0.1 
30 +0.2 +0.1 
35 +0.6 +0.3 

• IGT to trigger, ali devices = 72mA; } 
• V GT to trigger ali devices - 1.6V; at O°C 
• IL =60mA 

The circuit used will be that of Figure 23. Pins 
4 and 5 are not connected as the built-in 
hysteresis and proportional band will give the 
optimum performance. 

Value of Rs 
The required trigger pulse width can be found 
from Figure 6 as a function of the load power, 
latch current, and supply voltage (2000W, 
60mA, and 220V, 50Hz, respectively): 
tp MIN = 64j.1s. 

From Figure 6, the value of Rs to provide a 
trigger pulse of the required duration is then: 
Rs = 135kn. The next preferred value above 
this is 150kn, providing a tp MIN of approxi
mately 70j.ls. 

Value of Ro 
The maximum value of RG that may be used 
is determined by the minimum voltage and 
current to reliably trigger all samples of the 
triac. In Figure 8 it can be seen that the 
operation point of 1.6V and 72mA lies be
tween the load lines for lOOn and 120n. The 
lesser of these two values, RG = lOOn, must 
be chosen. By calculation, it is found that this 
resistor may be 110n. 

Velue of Cr 
For a load of 2kW, the repetition period must 
be at least 24 seconds (from Table I). From 
Table 3 the minimum preferred value of CT to 
provide this period is 68j.1F. However, due to 
the different performance under AC and OC 
conditions, the actual capacitor used should 
be a 47j.1F, 25V, catalog number 2222 016 
90129 (see Table 2). 

Value of Rl and Rp 
For control over the range 5°C to 35°C and 
thermistor characteristics of B = 4200 and 
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R25 - 22kn, the value of Rl has previously 
been shown to be 18.7kn ± 1 %. A suitable 
value for Rp is 22kn. 

Value ot RD 
First, the maximum average output current 
must be found. Figure 17 gives 13(AVG) MAX as 
a function of the values of resistors Rs and 
RG. For this circuit 13(AVG) MAX = 3.5mA. 

Once the maximum average output current is 
known, the minimum required supply current 
can be found from Figure 18. With minimum 
hysteresiS and proportional band, the aver
age value of the supply current is 10.5mA. 

Using this value of 116(AVG), the required value 
of RD can be found from Figure 20: 
RD - 6.8kn. The power dissipation in the 
resistor, when diode 01 is present in the 
circu~, is then 4.3W. 

Final component 118t 
Table 12 gives a summary of the component 
values for the 2kW, 220V, 50Hz temperature 
controller. 

Time-Proportional Power 
Control 
The TOA1023 may be used to provide propor
tional control of devices such as electric 
cooker elements. The temperature-sensing 
bridge is replaced by a potentiometer, the 
power in the load being proportional to the 
potentiometer setting (see Figure 24). 

The inputs to the comparator are: 

• Pin 7: the triangular waveform at the 
timing capacitor 

• Pin 6: the potentiometer voltage. 

Proportional power control is thus obtained 
while the potentiometer voltage lies between 
the upper and lower limits of the triangular 
waveform. As the timing capacitor is charged 
and discharged by current sources, the volt
age across it will never reach zero, so that 
load power will be zero before the potentiom
eter reaches its minimum setting. Similarly, 
maximum load power is reached before the 
maximum setting of the potentiometer. This 
effect can be reduced by the addition of 
resistors Rl and R2. To ensure that 0% and 
100% load power can be selected by the 
potentiometer setting, the values of R 1 and 
R2 should each be limited to 10% of the value 
of Rp. 

All the circuit components are calculated in 
the same way as for the temperature control
ler, including the timing capacitor CT. An 
example circuit, with components suitable for 
the control of loads from 1 to 2kW from 220V, 
50Hz supplies, is shown in Figure 25. Pins 9 
and 11 are shorted together as the voltage 
translation circuit is not used. 

I 



Signettcs Uriear Products 

Design of Time-Proportional Temperature 
Controls Using the TDA1023 

Table 10. Sensitivity of Temperature-5enslng Network NTC 
Thermistor: Catalog Number 2322 642 12223 Resistor: 18.7kO 

TEMP 
(OC) 

10 
15 
20 
25 
30 

+ 
c. C1 

SENS 
(mVrC) 

86 
91 
94 
94 
91 

11 

HYSTERESIS PROP BAND 
(OC/20mV) (OC/80mV) 

0.23 0.93 
0.22 0.88 
0.21 0.85 
0.21 0.85 
0.22 0.88 

.---~---------r-----oU~E 

D1 
HEATER 

14 10 18 

TRIAC 

TDA1023 

4 13 

L---~---L------~--------~----------~-----o~E~E 

NOTE: 
Refer to Tabla 11 for component values for use with 22OV, SOHz supplies. 
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Figura 23. Circuit Diagram of Tlme·Proportlonal Heeter 
Control Using the TDA 1023 
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Figura 24. Typical Load Power as a 
Function of Potentiometer Shaft 
Rotation for a Tlme-Proportlonal 

Power Reguletor 
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Table 11. Temperature Controller Component Values Mains supply: 220V, 50Hz 
Version A: Heater Powers 400 - 1200W Version B: Heater Powers 1200 - 2000W 

COMPONENT VERSION A VERSION B 

Triac BT138 BT139 
VOR 350V,1mA 350V, 1mA 
0, BYX10 BYX10 
R, 18.7kn 18.7kn 

RNTC 
R25- 22kn R25 -22kn 
B - 4200k B - 4200k 

Rp 22kn 22kn 

Ro 4.3kn 6.2kn 

RG 110n 11 on 
Rs 430kn 180kn 
C, 47nF 47nF 
Cs 220"F, 16V 220"F, 16V 
CT 15"F (DC) 68"F (DC) 
Co* 680nF 470nF 

Rso* 390n 390n 

NOTE: 
·Co and Rso only required if used in place of D, and RD. 

Table 12. Temperature Controller Component Value 
Mains Supply: 220V, 50Hz Heater Power: 2000W 

COMPONENT TYPE/VALUE REMARKS 

Triac BT139 
VOR 350V,1mA Cat. No. 2322 594 13912 (Varistor) 
0, BYX10 
R, 18.7kn 1 % tolerance 

RNTC 
R25 = 22kn Cat. No. 2322 642 12223 (Thermistor) 
B = 4200k 

Rp 22kn Potentiometer 
Ro 6.8kn Power in Ro = 4.3W 
RG 11 On 
Rs 150kn 
C, 47nF 
Cs 220"F, 16V 
CT 47"F Cat No. 2222 016 90129 
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REMARKS 

Cat. No. 2322 594 13512 (Varistor) 

1 % tolerance 

Cat. No. 2322 642 12223 (Thermistor) 

Potentiometer 

Power in Ro: 
A=6.8W 
B=4.8W 

See Table 3 

Power in Rso: 
A=1.2W 
B=0.6W 

• 
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r---t------.,-----()N: ... 

D1 
HEATER 

R. 

R2 
RD 

11 14 10 18 

TRlN: 
• 

C. TDA1C113 
Ra 

R1 -4.71dl 
Ra =4.71111 
Rp =47kn 
RD -UkIl(1W) 
R. .220kn 
RQ -11011 
c. -220,." 18V 
Or =47,.,,_ 
D, -aYX10 
TRIAC-aT1S1 

Appllcatl()n Note 

AN1291 

VDR - Zno, 31014 lIRA (VAR18TOII) 
11 

CT 

L...._ ... _____ ..... ----.... -----_ ..... ---OON:UNI!(NI!UT.) 

""""IB 

NOTE: 
Compcnent _ are for • load power of 2kW from 220V, 50Hz supplies. 

FIgure 25. Circuit Using the TDA1023 for Tlme-Proportlonal Po_r RegulaUon 

NOTE: 
Previously published as Technical Information 025,. March 1, 1977, ELCOMA, the Netherlands. 
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INTRODUCTION 
SMD technology embodies a totally new au
tomated circuit assembly process using a 
new generation of electronic components: 
surface-mounted devices (SMDs). Smaller 
than conventional components, SMDs are 
placed onto the surface of the substrate, not 
through it like leaded components. And from 
this, the fundamental difference between 
SMD assembly and conventional through
hole component assembly arises; SMD com
ponent positioning is relative, not absolute. 

When a through-hole (leaded) component is 
inserted into a PCB, either the leads go 
through the holes, or they don't. An SMD, 
however, is placed onto the substrate sur
face, its position only relative to the solder
lands, and placement accuracy is therefore 
influenced by variations in the substrate track 
pattern, component size, and placement ma
chine accuracy. 

Other factors influence the layout of SMD 
substrates. For example, will the board be a 
mixed-print (a combination of through-hole 
components and SMDs) or an all-SMD de
sign? Will SMDs be on one side of the 
substrate or both? And there are process 
considerations, such as: what type of ma
chine will place the components and how will 
they be soldered? 

Using our expertise in the world of SMD 
technology, this section draws upon applied 
research in the area of substrate design and 
manufacture, and presents the basic guide
lines to assist the designer in making the 
transition from conventional through-hole 
PCB assembly to SMD substrate manufac
ture. 

Designing With SMD 
SMD technology is penetrating rapidly into all 
areas of modern electronic equipment manu
facture - in professional, industrial, and con
sumer applications. Boards are made with 
conventional print-and-etch PCBs, multilayer 
boards with thick film ceramic substrates, and 
with a host of new materials specially devel
oped for SMD assembly. 

However, before substrate layout can be 
attempted, footprints for all components must 
be defined. Such a footprint will include the 
combination of patterns for the copper sold
erlands, the solder resist, and, possibly, the 
solder paste. So the design of a substrate 
breaks down into two distinct areas: the SMD 
footprint definition, and the layout and track 
routing for SMDs on the substrate. 
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Each of these areas is treated individually; 
first, the general aspects of SMD technology, 
including substrate configurations, placement 
machines, and soldering techniques, are dis
cussed. 

Substrate Configurations 
SMD substrate assembly configurations are 
classified as: 

Type I - Total surface mount (all-SMD); 
substrates with no through-hole components 
at all. SMDs of all types (SM integrated 
circuits, discrete semiconductors, and pas
sive devices) can be mounted either on one 
side, or both sides, of the substrate. See 
Figure 1a. 

Type IIA - Double-sided mixed-print; sub
strates with both through-hole components 
and SMDs of all types on the top, and smaller 
SMDs (transistors and passives) on the bot
tom. See Figure 1 b. 

Type liB - Underside attachment mixed
print; the top of the substrate is dedicated 
exclusively to through-hole components, with 
smaller SMDs (transistor and passives) on 
the bottom. See Figure 1 c. 

Although the all-SMD substrate will ultimately 
be the cheapest and smallest variation as 
there are no through-hole components, it's 
the mixed-print substrate that many manufac
turers will be looking to in the immediate 
future, for this technique enjoys most of the 
advantages of SMD assembly and over
comes the problem of non-availability of 
some components in surface-mounted form. 

The underside attachment variation of the 
mixed-print (type liB - which can be thought 
of as a conventional through-hole assembly 
with SMDs on the solder side) has the added 
advantages of only requiring a single-sided, 
print-and..etch PCB and of using the estab
lished wave soldering technique. The all-5MD 
and mixed-print assembly with SMDs on both 
sides require reflow or combination wavel 
reflow soldering, and, in most cases, a dou
ble-sided or multilayer substrate. 

The relatively small size of most SMD assem
blies compared with equivalent through-hole 
designs means that circuits can often be 
repeated several times on a single substrate. 
This multiple-circuit substrate technique 
(shown in Figure 2) further increases produc
tion efficiency. 

9-3 

a. Type 1-Total Surface-Mount 
(all-SMO) Substrates 

b. Type IIA - Mixed-Print 
(Double-Sided) Substrate 

c. Type liB - Mixed-Print (Underside 
Attachment) Substrate 

Figure 1 

1·(fI_=_c:;:r_=~_=_~ 
0·-0 ·-0 ·-0 [?II i II i II i 
~i{?_=~_=_~ 

o ··0 ··0 1·0 [bll i II i .. i 
=6=~=~. 

OF07100s 

Figure 2. Multiple-Circuit Substrate 

Mixed Prints 
The possibility of using a partitioned design 
should be investigated when considering the 
mixed-print substrate option. For this, part of 
the circuit would be an all-SMD substrate, and 
the remainder a conventional through-hole 

I 
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PCB or mixed-print substrate. This allows the 
circuit to be broken down Into, for example, 
high and low power sections, or high and low 
frequency sections. 

Automated SMD Placement 
Machine. 
The selection of automated SMO placement 
machines for manufacturing requirements Is 
an issue reaching far beyond the scope of 
this section. However, as a guide, the four 
main placement techniques are outlined. 
They are: 

In·Une Placement - a system with a series 
of dedicated pick-and-place units, each plac
ing a single SMO in a preset position on the 
substrate. Generally used for small circuits 
with few components. See Figure 3a. 

Sequential Placement - a single pick-and
place unit sequentially places SMOs onto the 
substrate. The substrate is positioned below 
the pick-and-place unit using a computer
controlled X-V moving lable (a "software 
programmable" machine). See Figure 3b. 

Simuitaneoue Placement - places all 
SMOs in a single operation. A placement 
module (or station), with a number of pick
and-place units, takes an array of SMOs from 
the packaging medium and simultaneously 
places them on the substrate. The pick and 
place units are guided to their substrate 
location by a program plate (a "hardware 
programmable" machine), or by software
controlled X-V movement of substrate and/or 
pick-and-place units. See Figure 3c. 

Sequential/Simultaneous Placement - a 
complete array of SMOs is transferred in a 
single operation, but the pick-and-place units 
within each placement module can place all 
devices simultaneously, or Individually (se
quentially). Positioning of the SMOs is soft
ware-controlled by moving the substrate on 
an X-V moving table, by X-V movement of the 
pick-and-place units, or by a combination of 
both. See Figure 3d. 

All four techniques, although differing in de
tail, use the same two basic steps: picking the 
SMO from the packaging medium (tape, mag
azine, or hopper) and placing it on the sub
strate. In all cases, the exact location of each 
SMO must be programmed into the automat
ed placement machine. 

Soldering Technique. 
The SMD-populated substrate is soldered by 
conventional wave soldering, reflow solder
ing, or a combination of both wave and reflow 
soldering. These techniques. are covered at 
length in another publication entitled SMD 
SoId$1ng Techniques, but, briefly, they can 
be described as follows: 

Wave Soldering - the conventional method 
of soldering' through-hole component assem-
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a. In-llne Placement b. Sequential Placement 

Df07'208 

c. Simullaneoua Placement d. Sequantlal/Slmultanaoua Placement 

Figure 3 

blies Where the substrate passes over a wave 
(or more often, two waves) of molten solder. 
This technique Is favored for mixed-print as
semblies with through-hole components on 
the top of the substrate, and SMOs on the 
bottom. 

Raflow Soldering - a technique originally 
developed for thick-film hybrid circuits using a 
solder paste or cream (a suspension of fine 
solder particles in a sticky resin-flux base) 
applied to the substrate which, after compo
nent placement, is heated and causes the 
solder to melt and coalesce. This method is 
predominantly used for Type I (all-SMO) as
semblies. 

Combination Wave/Re'low Soldering - a 
sequential process using both the foregoing 
techniques to overcome the problems of 
soldering a double-sided mixed-print sub
strate with SMOs and through-hole compo
nents on the top, and SMOs only on the 
bottom. (Type liB). 

Footprint Definition 
An SMO footprint. as shown in Figure 4, 
consists of: 
• A pattern for the (copper) solderlands 

• A pattern for the solder resist 
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• If applicable, a pattem for the solder 
cream. 

The design for the footprint can be represent
ed as a set of nominal coordinates and 
dimensions. In practice, the actual coordi
nates of each pattern will be distributed 
around these nominal values due to position
ing and processing tolerances. Therefore, the 
coordinates are stochastic; the actual values 
form a probability distribution, with a mean 
value (the nominal value) and a standard 
deviation. 

The coordinates of the SMO are also sto
chastic. This is due to the tolerances of the 
actual component dimensions and the p0si
tional errors of the automated placement 
machine. 

The relative positions of soIderland, solder 
resist pattern, and SMO, are not arbitrary. A 
number of requirements may be formulated 
conceming clearances and overlaps. These 
include: 
• UmHing factors in the productlon.of the 

pattems (for example, the spacing 
between solderlands or tracks has a 
minimum value) 
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-''''' 
Figure 4. Component Leed, Solder 

Lend, Solder Reelst, and Solder 
Cream "Footprint" 

e Requirements concerning the soldering 
process (for example. the solderlands 
must be free of solder resist) 

e Requirements concerning the quality of 
the solder joint (for example. the 
solderland must protrude from the SMD 
metallization to allow an appropriate 
solder meniscus) 

Mathematicel elaboration of these require
ments and substitution of values for all toler
ances and other parameters lead to a set of 
inequalities that have to be solved simulta
neously. To do this manually using worst
case design is not considered realistic. A 
betler approach Is to use a statistlcel analy
sis; although this requires a complex comput
er program, it can be done. 

Such an approach may deliver more than one 
solution, and, if this is so, then the optimal 
solution must be determined. Opllmizatlon is 
achieved by setting the following objective
find the solution that: 
e Minimizes the area occupied by the 

footprint 

e Maximizes the number of tracks 
between adjacent solderlands. 

The final SMD footprint design also depends 
on the soldering process to be used. The 
requirements for a wave-soldered substrate 
differ from those for a reflow-soldered sub
strate, so eech is discussed individually. 

Footprints for Wave Soldering 
To determine the footprint of an SMD for a 
wave-soldered substrate, consider four main 
Interactive factors: 
• The component dimensions plus 

tolerances - determined by the 
component manufacturer 

• The substrate metallization - positional 
tolerance of the solderiand with respect 
to a reference point on the substrate 

e The solder resist - positional tolerance 
of the solder resist pattern with respact 
to the same reference point 

• The placement tolerance - the ability of 
an automated placement machine to 
accurately position the SMD on the 
substrate. 

The coordinates of patterns and SMDs have 
to meet a number of requirements. Some of 
these have a generel validity (the minimum 
overlap of SMD metallization and solderland) 
and available space for solder meniscus. 
Others are specifically required to allow suc
cessful wave soldering. One has to take into 
account factors like the "shadow effect" 
(miSsing of joints due to high component 
bodies), the risk of solder bridging, and the 
available space for a dot of adhesive. 

The "Shadow Effect" 
In wave soldering, the way in which the 
substrate addresses the wave is important. 
Unlike wave soldering of conventional printed 
boards where there are no component bodies 
to restrict the wave's freedom to traverse 
across the whole surface, wave soldering of 
SMD substrates is inhibited by the presence 
of SMDs on the solder-side of the board. The 
solder is forced around and over the SMDs as 
shown in Rgure 5a, and the surface tension 

of the molten solder prevents Its reaching the 
far end of the component, resulting In a dry
Joint downstream of the solder flow. This is 
known as the "shadow effect." 

The shadow effect becomes critical with high 
component bodies. However, wetting of the 
solderlands· during wave soldering can be 
improved by enlarging each land as shown in 
Figure 5b. The extended substrate metalliza
tion makes contact with the solder and allows 
it to flow back and around the component 
metallization to form the joint. 

The use of the dual-wave soldering technique 
also partially alleviates this problem because 
the first, turbulent wave has sufficient upward 
pressure to force solder onto the component 
metallization, and the second, smooth wave 
"washes" the substrate to form good fillets of 
solder. Similarly, oil on the surface of the 
solder wave lowers the surface tension, 
(which lessens the shadow effect), but this 
technique introduces problems of contami
nants in the solder when the oil decomposes. 

Footprint Orientation 
The orientation of SO (small outline) and VSO 
(very small outline) ICs is critical on wave
SOldered substrates for the prevention of 
solder bridge formation. Optimum solder pen
etration is achieved when the central axis of 
the Ie is parallel to the flow of solder as 
shown in Figure 6a. The SO package may 
also be transversely oriented, as shown in 
Figure 6b, but this is totally unacceptable for 
the VSO package. 

Solder Thieves 
Even with parallel mounted SO and VSO 
packages, solder bridges have a tendency to 
form on the leads downstream of the solder 
flow. The use of solder thieves (small squares 
of substrate metallization), shown in Figure 7 
for a 40-pin VSO, further reduces the likeli
hood of solder-bridge formation. 

c:::=:i> SUBSTRATE 

~z~ ~~ 
EXTENDED ------" SUBSTRATE 

SOLDER LAN? '-----V otRECTIDN 

~z w;z~ ~~tR: 
_,7116 ~ SOLDER FLOW 

0F01180S 

~ SOLDER FLOW 

a. Surface Tension Can Prevent the Molten Solder 
From Reaching the Downatreem End of the SMD, 

Known es the "Shadow Effect" 

b. Extending the Solder Lends to Overcome the 
Shadow Effect 

Figure 5 
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FLOW 
DlREcnON 

"" ..... 

a. Parallel Orientation for SO 
and VSO Packages 

eo,...,. 
b. Tra.nsveres Orientation for 

SO Packages Only 

Figura 6 

Figura 7. Example of Solder Thl_ 
for VS().40 Footprints (Dims In mm) 

sOle 

""", ... 
Figura 8. Misaligned Placement of SO 
Package Incra_ the Poeslblllty of 

Solder Bridging 

Placement Inaccuracy 
Another major cause of solder bridges on SO 
ICs and plastic leaded chip carriers (PLCCs) 
is a slight misalignment as shown in Figure 8. 
The closa spacing of the leads on these 
devices means that any inaccuracy in placa· 
ment drastically reduces the space between 
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adJacant pins and solderlands, thus Increas
ing the chance of solder bridges forming. 

Dummy Tracks for Adhesive 
Application 
For wave soldering, an adhesive Ie affix 
components Ie the substrate is required. This 
Is necessary Ie hold the SMDs in place 
between the placament operation and the 
soldering procasa (this technique is covered 
at length in another publication entitled Adfls.. 
siva Application and Curing). 

The amount of adhesive applied 18 critical for 
two reasons: first, the adhesive dot must be 
high enough Ie reach the SMD, and, second, 
there mustn't be teo much adhesive which 
could foul the solderJand and prevent the 
formation of a solder joint. The three parame
tars governing the height of the adhesive dot 
are shown in Figure 9. Although this diagram 
111ustratas that the minimum requirement. Is 
C > A + B, in practice, C > 2(A + B) Is more 
realistic for the formation of a good strong 
bond. 

Taking these parametars in tum, the sub· 
strata metallization height (A) can range from 
about 35"", for a normal print-and-etch PCB 
Ie 135jlm for a plated through·hole board. 
And the component metallization height (B) 
(on 1206-slze passive devicas, for example) 
may differ by several tans of microns. There· 
fore, A + B can vary considerably, but it Is 
desirable Ie keep the dot height (C) constant 
for any one substrata. 

The solution Ie this apparent problem is Ie 
route a track under the device as shown In 
Figure 10. This will eliminate the substrata 
metsllization height (A) from the adhesive 
dot·height criteria. Quite often, the high com· 
ponent density of SMD substratas necassi· 
tales the routing of tracks between solder
lands, and, where it does not, a short dummy 
track should be introduced. 
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For bonding small outline (SO) ICs Ie the 
substrata, two dots of adhesive are sufficient 
forSQ.8, -14, and -16 packages, but the SOL-
20, -24, -28, and VS0-40 packages need 
three dots. The through-tracks (or dummy 
tracks) must be positioned beneath the IC 
accordingly Ie support the adhesive dots . 

. ~ ~ESIVE DOT C T. LAND 

1'1 \ 
C > A + B SUBSTRATE 

NOTESo 
A-SUba1rat8_heIghI 
B - SMD m .... lza1Ion height 
C - Height 01 .- dot 

--
Figura 9. Adhlllve Dot Height Crlterle 

Footprints for Retlow Soldering 
To detsrmine the footprint of an SMD for a 
reflow-soldered substrate, there are now five 
interactive factors Ie consider: the four that 
affect the wave solder footprints (although 
the solder resist may be omitted), plus an 
additional factor relating Ie the solder cream 
application (tha positional tolerance of the 
screen-prinled solder cream with respect Ie 
the solderlands). 

Solder Cream Application 
In reflow soldering, the solder cream (or 
paste) Is applied by prassure syringe dispens
ing or by screen printing. For Industrial pur
poses, screen printing Is the favored tach
nique because it Is much faster than dispens
Ing. 

Screen Printing 
A stainless stee1 mesh coaled with emulsion 
(excapt for the iolderland pattern where 
cream Is required) is placed over the sub
strata. A squeegee pasaes across the screen 
and forcas solder cream through the uncoat
ed areas of the mesh and ante the soIder
land. As a result, dots of solder cream of a 
given h8lght and density ~n mg/mm~ are 
produced. 

There Is an optimum amount of solder cream 
for each jolilt. For example, the solder cream 
requirements for the C1206 SM capacltcr are 
around 1.5mg per end; the SO IC requires 
between 0.5 and 0.75mg per lead. ' 

The solder cream density, combined with the 
required amount of solder, makes a demand 
upon the area of the solderland (in mm~. The 
footprint dimensions for the solder cream 

.. pattern are typically identical Ie those for the 
soIderiands. 
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C>8 

Figure 10. Through-TraCk or Dummy 
Treck to Modify Dot Height Criteria 

FloatIng 
One phenomenon sometimes obse/Ved on 
reflow-soldered substrates is that known as 
"floating" (or "swimming"). This occurs 
when the solder paste rellows, and the force 
exerted by the surface tension of the now 
molten solder" pulls" the 5MD to the center 
of the solderland. 

When the solder reflows at both ends simulta
neously, the swimming phenomenon results 
in the 5MD self-centering on the footprint as 
the forces of surface tension fight for equilibri
um. Although this effect can remove minor 
positional errors, it's not a dependable fea
ture and cannot be relied upon. Components 
must always be positioned as accurately as 
possible. 

Footprint DImensIons 
The following diagrams (Fig. 11 to 19) show 
footprint dimensions for 50 ICs, the VSO-40 
package, PLCC packages, and the range of 
surface-mounted transistors, diodes, resis
tors, and capacitors. All dimensions given are 
based on the criteria discussed in these 
guidelines. 

Please note - these footprints are based on 
our experience with both experimental and 
actual production substrates and are repro
duced for guidance only. Research is con
stantly going on to cover all 5MDs currently 
available and those planned for in the future, 
and data will be published when in It becomes 
available. 
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DO 
II 

INCHES 
PACKAGE A B C D E OUTLINE 
so.a. 14, 16 .155 .275 .060 .024 .050 
SOL·16. 20, 24, 28 .310 .460 .070 .024 .050 

METRIC (mml 
PACKAGE A B C D E OUTLINE 
so SMALL 4.0 7.0 1.5 .6 1.27 
so LARGE 7.8 11.4 1.8 .6 1.27 

METRIC(mml 
PACKAGE A B C D E OUTLINE 
SOL-8 9.0 13.2 2.1 .6 1.27 

INCHES 
PACKAGE A B C D E OUTLINE 
SOL-8 .38 .528 .084 .024 .050 

Figure 11. Footprints tor SO ICs 
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PACKAGE 
OUTLINE 

PACKAGE 
OUTLINE 
VSO-40 
VSo-se 

INCHES 
ABC D E 

.32 .536 .108 .02 .030 

.46 .878 .108 .02 .030 

METRIC (mml 
ABC 

8.0 13.4 2.7 
11.5 16.9 2.7 

D 

.5 .762 

.5 .75 

Figure 12. Footprints tor VSO ICs 

PACKAGE INCHES 
OUTLINE A B C D E F G 
PLCC-20 .260 .440.090 .024 .050 .260 .440 
PLCC-28 .360 .540.090 .024 .. 060 .360 .540 
PLCC-44 .560 .740.090 .024 .050 .560 .740 
PLCC-5.2 .860 .840.090 .024 .060 .660 .840 
PLCC-88 .8601.040.090 .024 .050 .660 1.040 
PLCC-84 1.0601.240.090 .024 .060 1.080 1.240 
PLCC-32 .360 .540.090 .024 .050 .460 .840 

Figure 13. Footprints tor PLCC, 

• 
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A B 

0.048 0.104 

1_ 
C 0 

0.028 0.044 

E F 

0.104 
0.032 0.136 0.052 0.052 0.048 0.162 

METRIC Imm) 
SOT-28 A B C 0 E F 

1.2 2.8 0.7 1.1 2.6 
0.8 3.4 1.3 1.3 1.2 3.8 

Figure 14. Footprints for SOT -23 
Translatora 

~B-. ~.-:-+ -B~ 
D_, D+r 

-·t-I 1 E G 

0-0] 
~H-l 

DF0729Q6 

PACKAGEJ INCHES 
OUTLINE A B C 0 E F G H 

SOT·1013 I 0.104 0.028 0.048 O.Q38 0.044 0.036 0.116 0.044 

PACKAGE] METRIC lnun) 
OUTLINE A B C 0 E F G H 

SOT-143 I 2.6 0.7 1.2 0.9 1.1 0.9 2.0 1.1 

Fllure 17. Footprints for Retlow-
oldered SOT-143 Transistors 
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~c-·I·-:-·I·-c~ o lOT ... _.+._ .···f D 

.......• i .• ~ 
:'. ::'". ':. :,,:' 

Ilf01280II 

I 
INCHES 

8OD-BO A B C 0 
R_ I 0.098 0.208 0.066 0.066 
W.". 0.10 0.2 0.05 0.08 

I 
METRIC Imm) 

8OD-BO A B C 0 
R_ I ~4 5.2 1.4 1.4 
Wave 2.5 5.0 1.25 2.0 

Figure 15. Footprints for SOD-8D 
Diodes 

~c + :-+-c~ 
O·i .. ·····; L T 
........... _.j 1 

INCHES 
CODE SIZE A B C 0 

C0805 0.08 x 0.05 0.032 0.136 0.062 0.056 
R/C1206 0.126 x 0.064 0.072 0.184 0.056 0.066 
C1210 0.128 X 0.1 0.072 0.184 0.058 0.104 
C1608 0.18 x 0.06 0.112 0.248 0.066 0.064 
C1812 0.18 x 0.126 0.112 0.248 0.068 0.132 
C2220 0.226 x 0.2 0.16 0.296 0.066 0.204 

METRIC Imm) 
CODE SIZE A B C 0 

C0805 2.0 X 1.25- 0.8 3.4 1.3 1.4 
R/C1206 3.2 x 1.6 1.6 4.6 1.4 1.7 
C1210 3.2 x 2.5 1.8 4.6 1.4 2.6 
C1808 4.5 X 2.0 U 6.2 1.7 2.1 
C1812 4.6 x 3.2 2.8 6.2 1.7 3.3 
C2220 5.7 x 6.0 4.0 7A 1.7 5.1 

Figure 18. Footprints for Reflow-
Soldered Surface-Mountsd Resistors 
and Ceramic Multilayer Capacitors 
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INCHES PACKAGE 
OUTLINE ABC 0 E G 

SOT-88 0.06 0.184 0.104 0.048 0.032 0.028 0.152 

PACKAGE IIETRIC lnun) 
OUTUNEABCDEFG 

SOT -88 2.0 4.6 U 1.2 0.8 0.7 3.8 

Figure 18. Footprints for Retlow
Soldered SOT -89 Translators 

lEi 

D1& 01 
be ·1· : ·1· c:j 

""""'" 

I 
INCHES 

SIZE A B C 0 E 

C0605 I 0.08 X 1.05 0.048 0.1 .. 0.048 0.048 0.D18 
R/C1206 0.126 x .06«1.08 0.192 0.058 0.056 0.020 

CODE I 
METRIC Imm) 

SIZE A B C D E 

C0805 12.0 x 1.25 1.2 3.8 1.2 1.2 0.4 
R/C1206 3.2 X.8 2.0 4.8 1.4 1.4 0.6 

Figure 19. Footprints for Wave-
Soldered Surface-Mounted Reslators 
and Ceramic Multilayer capacitors 
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Layout Considerations 
Component orientation plays an important 
role in obtaining consistent solder-joint quali
ty. The substrate layout shown in Figure 20 
will result in significantly beltar solder joints 
than a substrate with SMD resistors and 
capacitors positioned parallel to the solder 
flow. 

Component Pitch 
The minimum component pitch Is governed 
by the maximum width of the component and 
the minimum distance between adjacent 
components. When defining the maximum 
component width, the rotational accuracy of 
the placement machine must also be consid
ered. Figure 21 shows how the eftective width 
of the SMD is incrassed whan the component 
is rotated with respect to the footprint by 
angle ~ •. (For clarity, the rotation is exagger
ated in the illustration.) 

The minimum permissible distance between 
adjacent SMDs Is a figure based upon the 
gap required to avoid solder-bridging during 
the wave soldering process. Figure 22 shows 
how this distance and the maximum compo
nent width are combined to derive the basic 
expression for calculating the minimum pitch 
(FMIN)' 

As a guide, the recommended minimum 
pitches for various combinations of two sizes 
of SMDs. the R/C1206 and C060S (R or C 
designating resistor or capacitor respectively; 
the number referring to the component size), 
are given in Table 1. These figures are 
statistically derived under certain assumed 
boundary conditions as follows: 
• Positioning error (~)±0.3mm; (±0.012") 

• Paltarn accuracy (&!)± O.3mm; 
(±0.012") 

• Rotational accuracy (~)± 3· 

• Component metallization/solderland 
overlap (MMIN) 0.1mm (0.004") (Note 
this figure is only valid for wave 
soldering) 

• The figure for the minimum permissible 
gap between adjacent components 
(GMIN) is taken to be O.Smm (0.020"). 

As these calculations are not based on worst
case conditions, but on a statistical analysis 
of all boundary conditions, there is a certain 
flexibility in the given data. 

For example, it is possible to position RI 
C1206 SMDs on a 2.Smm pitch, but the 
probability of component placements occur
ring with GMIN smaller than O.Smm will in
crease; hence, the likelihood of solder-bridg
ing also Increases. Each application must be 
assessed on Individual merit with regard to 
acceptable levels of rework, and so on. 
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¢J 
SOLOER 
FLOW 

SUBSTRATE ~ 
DIRECTION L---V 

CF07310S 

FIgure 20. Recommended Component Orientation for Wave-Soldered Substrates 

NOTES; 
• - component rotation with '-' to footprint 
L sin • - Effective increase in width 
W sin tII- Effective increase in length 

Figure 21. The Influence of Rotation of the SMD With Respect to the Footprint 

Solderland/Vla Hole 
Relationship 
With reflow-soldered multilayer and double
sided, plated through-hole substrates, there 
must be sufficient separation between the via 
holes and the solder/ands to prevent a solder 

9-9 

well from forming. If too close to a solder 
joint, the via hole may suck the molten solder 
away from the component by capillary action; 
this results In insuffiCient wetting of the joint. 

I 
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I 
p.:i:~P 

J1 
NOTESo 
WMAX - Maximum width of component 
GUIN - Minimum permissible gap 
FMIN - Minimum pitch 
P, - Nominal poaItIon of component 1 (tolerance lip) 
p. - Nominal poaItIon of component 2 (tolerance lip) 
FM .. - W""" + 211p + GMI. 

f 
G ... 

Figure 22. Criteria for Determining the Minimum PHch of SMDa 

Table 1. Recommended Pitch For R/C1206 and C080S SMDs 

Combination 

IJ for 
~.' ... ,.t.:!.·I:~,I:.J .. ·. li\i'U tl'i1 B ~:!~ A ". H~iiLtl ___ _ 

L-F ... -l 

Solderland/Component Lead 
Relationship 
Of special consideration for mixed-print sub
strate layout is the location of leaded compo
nents with respect to the SMD footprints and 
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Component Component B 
A ~------~---------i 

R/C1206 
C0605 

R/CI208 
C0605 

R/C1208 
COB05 

R/Cl206 

3.0(0.12") 
2.6 (0.112") 

5.8(0.232") 
5.3 (0.212") 

4.1 (0.164") 
3.6(0.144") 

C080S 

2.8 (0.112") 
2.6(0.0104") 

5.3(0.212") 
4.8 (0.192") 

3.7(0.148") 
3.0(0.12") 

the minimum distance between a protruding 
clinched lead and a conductor or SMD. Figure 
23 shows typical conflguretlons for R/CI206 
SMDs mounted on the underside of a sub
strete with respect to the clinched leads 
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of a leaded component. Minimum distances 
between. the clinched lead ends and the 
SMDs or substrate conductors are 1 mm 
(0.04") and 0.5. (0.02") respectively. 

Placement Machine Restrictions 
There are two ways of looking at the distribu
tion of SMDs on the substrate: uniform SMD 
placement and non-uniform SMD placement 
With nonuniform placement, center-to-center 
dimensions of SMOs are not exact multiplea 
of a predetermined dimension as shown In 
Figure 248, so the location of each is difficult 
to program into the machine. 

Uniform placement uses a modular grid sys
tem with devices placed on a uniform center
to-center spacing. (For example, 2.5 (0.1 ") or 
5mm (0.2") as shown in Figure 24b.) This 
placement has the distinct advantage of es
tablishing a stendard ilnd enablea the use of 
other automated placement machines for fu
ture production requirements without having 
to redesign boards. 

Substrate Population 
Population density of SMDs over the totel 
area of the substrate must also be carefully 
considered, as placement machine limitations 
can create a "Iami" or "zone" that restricts 
the total number of components which can be 
placed within that area on the substrate. 

For example, on a hardware-programmable 
simultaneous placement machine (see Figure 
30), each plck-and-place unit within the place
ment module can only place a component on 
the substrate in a restricted laria (owing to 

Figure 23. Location of R/Cl208 
SMDa on the Underside of e Mixed
Print Subatrate with Respect to the 

Clinched Leads of Through-Hole 
Componente (Dlmenslone In mm) 
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2.5mm 

1-1 
f:~ 
h::: Irr. hl rr-, 

I ..... ~ + c:b 
I .. II Irr: rn q::J 

t:: 1::1 

,.."." 

a. Non-Uniform Component Placement 

2.5mm 

H 
i B F 
~ g 1m hl 1m bTl b 

ILL I--lJ ILL.: I2J 

J fl Irr: 'r-n 1m t-n 
b bJ Iu.... ~ ILL I=-U 

,..".,. 
b. Uniform Component Placement 

Figure 24 

adjacent pick·and-place units), typically 10 to 
12mm (0.4" to 0.48") wide, as shown in 
Figure 25. 

SUBSTRATE c==> TYPICAL 
DIRECTION 10.0mm .......... 

S 

I .' 
• • 

$- ~ .. 
$-

S 
01." ... 

Figure 25. Substrate "Lanes" 
From Use ot a Simultaneous 

Placement Machine 

Placement of the 10 components in the lane 
on the right of the substrate shown will 
require a machine with 10 placement mod
ules (or ten passes beneath a single place
ment module), an inefficient process consid
ering that there are no more than three SMDs 
in any other lane. 
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Test Points 
Siting of test points for in-circuit testing of 
SMD substrates presents problems owing to 
the fewer via holes, higher component densi· 
ties, and components on both sides of SMD 
substrates. On conventional double-sided 
PCBs, the via holes and plated-through com· 
ponant lead-holes mean that most test-points 
are accessible from one side of the board. 
However, on SMD substrates, extra provision 
for test'points may have to be made on both 
sides of the substrate. 

Figure 26a shows the recommended ap· 
proach for positioning test-points in tracks 
close to components, and Figure 26b shows 
an acceptable (though not recommended) 
alternative where the solderland is extended 
to accommodate the test pin. This latter 
method avoids saCrificing too much board 
space, thus maintaining a high-density layout, 
but can introduce the problem of components 
moving ("floating") when reflow·soldered. 
The approach shown in Figure 260 is totally 
unacceptable since the pressure applied by 
the test pin can make an open· circuit 
soldered joint appear to be good, and, more 
importantly, the test pin can damage the 
metallization on the component, particularly 
with small SMDs. 

CAD Systems for SMD 
Substrate Layout 
At present, about half of all PCBs are laid out 
using computer·aided design (CAD) tech
niques, and this proportion Is expected to rise 
to over 90% by 1988. Of the many current 
CAD systems available for designing PCB 
layouts for conventional through-hole compo· 
nents and ICs in DIL packages, few are SMD
compatible, and systems dedicated exclu
sively to SMD substrate layout are still com
paratively rare. There are two main reasons 
for this: some CAD suppliers are waiting for 
SMD technology to fully mature before updat
ing their systems to cater to SMD-Ioaded 
substrates, and others are holding back until 
standard package outlines are fully defined. 

However, updating CAD systems used for 
through-hole printed boards is not simply a 
case of substituting SMD footprints for con
ventional component footprints, since SMD
populated substrates impose far tougher reo 
straints on PCB layout and require a total 
rethink of the layout programs. For example, 
systems must deal with higher component 
densities, finer track widths, devices on both 
sides of the substrate (possibly occupying 
corresponding positions on opposite sides), 
and even SMDs under conventional DILs on 
the same side of the substrate. 

The amount of reworking that a program 
requires depends on whether it's an interac
tive (manual) system, or one with fully auto
matic routing and placement capabilities. For 

9-11 

a. RECOMMENDED Test Point 
Location Close to an SMD 

b. Acceptable Test Point Location 

c. UNACCEPTABLE Test Point 
Location 

Figure 26 

interactive systems, where the user positions 
the components and routes the tracks manu
ally on-screen, program modifications will be 
minimal. AutomatiC systems, however, must 
contend with the stricter design rules for SMD 
substrate layout. For example, many auto
routing programs assume that every solder
land is a plated through·hole and, therefore, 
can be used as a via hole. This is not 
applicable for SMD'populated substrates. 

CAD programs base the substrate layout on a 
regular grid. This method, analogous to draw· 
ing the layout on graph paper, must have the 
grid lines on a pitch that is no larger than the 
smallest component or feature (track width, 
pitch, and so on). For conventional DIL 
boards, this is typically 0.635mm (0.025"), but 
with the much smaller SMDs, a grid spacing 
of 0.0254mm (0.001 ") is required. Conse
quently, for the same area of substrate, a 
CAD system based on this finer grid requires 

I 
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a resolution more than 600 .Umes greater than 
that required for conventional-layout CAD 
systems. 

To handle this, extra memory capacity can be 
added, or the allowable substrate area can be 
limited. In fact, the small size of SMDs, and 
the hlgh-density layouts poasible, generally 
result in a smaller substrate. However, hlgh
density layout gives rise to additional compli
cations not directly related to the SMD sub
strate design guidelines. Most CAD systems, 
for Instence, cannot always completely route 
all interconnects, and some traces have to be 
routed manually. This can be particularly 
difficult with the fewer via holes and smaller 
component spacing of SMD boards. 

Ideally, the CAD progrem should have a 
"tesr-up and start again" algorithm that al
lows It to restart autorouting If a previous 
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attempt reaches a position where no further 
traces can be routed before an accepteble 
percentage of interconnects (and this per
centege must flrst be determined) have been 
made. This minimizes the manual reworking 
required. 

CAE/CAD/CAM Interaction 
Computer-alded producUon of printed boards 
has evolved from what was initially only a 
computer-aided manufacturing process 
(CAM - digitizing a manually-generated lay
out and using a photoplotter to produce the 
artwork) to fully-interactive computer-aided 
engineering, design, and manufacture using a 
common database. Agure 27 illustretes how 
this multi-dimensional interaction is particular
ly well-suited to SMD-populated substrate 
manufacture in Its highly-automated environ
ment of pick-and-place assembly machines 
and test equipment 
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Using a fully-Integrated system, linked by 
local area network to a central databsse, will 
make It possible to use the initial computer
aided engineering (CAE - schematic design, 
logic verification, and fault simulation) In the 
generation of the final test patterns at the end 
of the development process. These test pat
terna can then be used with the automatic 
test equipment (ATE) for functionel testing of 
the finished substrates. 

SUch a system is particularly useful for testing 
SMD-populated substrates, as their high com
ponent density and fewer via-holes make in
circuit testing ("bed of nails" approach) diff~ 
cult. Consequently, manufacturers are turning 
to functional testing as an alternative. These 
aspects are covered In another publication 
entitled Functional Testing and Repair. 



Signetics Linear Products 

Substrate Design Guidelines for Surface-Mounted Devices 

CAE 
SOFTWARE 
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LOCAL AREA NETWORK 

CAD 
SOFTWARE 

HARDWARE 

CAD 

SO"WARE 
DEVELOPMENT 

MANUFACTURE 

Figure 27. The SOftwa ..... Hardware Interaction for the Computer-Aided Engineering, Deelgn, 
and Manufacture of SMD Substratee 
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AN INTRODUCTION 
The key questions that must be asked of any 
electronic circuit are "does it work, and will it 
continue to do so over a specified period of 
time?" Until zero-defect soldering is 
achieved, and all components are guaranteed 
serviceable by the vendors, manufacturers 
can only answer these questions by carrying 
out some form of test on the finished product. 

The types of tests, and the depth to which 
they are carried out, are determined by the 
complexity of the circuit and the customer's 
requirements. The amount of rework to be 
performed on the circuit will depend on the 
results of these tests and the degree of 
reliability demanded. The criteria are true of 
all electronic assemblies, and the test engi
neer must formulate test schedules accord
ingly. 

Substrates loaded with surface mounted de
vices (SMOs), however, pose additional prob
lems to the test engineer. The devices are 
much smaller, and substrate population den
sity is greater, leading to difficulty in access
ing all circuit nodes and test points. Also SMO 
substrate layout designs often have fewer via 
and component lead holes, so test points 
may not all be on one side of the substrate 
and double-sided test fixtures become neces
sary. 

To achieve the high throughput rates made 
possible by using highly automated SMO 
placement machines and volume soldering 
techniques, automatic testing becomes a ne
cessity. Visual inspection of the finished sub
strate by trained inspectors can normally 
detect about 90% of defects. With the correct 
combination of automatic test equipment, the 
remainder can be eliminated. In this publica
tion, we hope to provide the manufacturer 
with information to enable him to evaluate 
and select the best combination of test equip
ment and the most effective test methods for 
his product. 

BARE-BOARD TESTING 
Although SMD substrates will undoubtedly be 
smaller than conventional through-hole sub
strates and have less space between con
ductors, the principles of bare-board testing 
remain the same. Many of the testers already 
in use can, with little or no modHication, be 
used for SMD substrates. As this is already a 
well-established and well-documented prac
tice, it will not be discussed further in this 
publication, but it is recommended that bare-
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board testing always be used as the first step 
in assuring board integrity. 

POST -ASSEMBLY TESTING 
Testing densely populated substrates Is no 
easy task, as the components may occupy 
both sides of the board and cover many of 
the circuit nodes (see Figure 1 for the three 
main types of SMD-populated substrates). 
Unlike conventional substrates, on which all 
test points are usually accessible from the 
bottom, SMD assemblies must be designed 
from the start with the siting of test points In 
mind. Probing SMD substrates is particularly 
difficult owing to the very close spacing of 
components and conductors. 

Mixed print or all-SMD assemblies with com
ponents on both sides further aggravate the 
testing problems, as not all test points are 
present on the ssme side of the board. 
Although two-sided test fixtures are feasible, 
they are expensive and require considerable 
time to bUild. 

The application of a test probe to the top of 
an SMD termination could damage it, and 
probe pressure on a poor or open solder joint 
can force contact and thus allow a defective 
joint to be assessed as good. Figure 2a 
illustrates the recommended siting of test 
points close to SMD terminations, and Figure 
2b shows an alternative, though not recom
mended, option. Here, problems could arise 
from reflow soldering (solder migrating from 
the joint) unless the test point area is seperat
ed from the solder land area with a stripe of 
solder resist. Excessive mechanical pressure 
caused by toe many probes concentrated in a 
small area may also result in substrate dam
age. 

It is good practice for substrates to have test 
points on a regular grid so that conventional, 
rather than custom, testers may be used. If 
the substrate has tall components or heat
sinks, the test points must be located far 
enough away to allow the probes to make 
good contact. All test points should be solder 
coated to provide good electrical contact. Via 
holes may also be used as test points, but the 
holes must be filled with solder to prevent the 
probe from sticking. 

AUTOMATIC TEST EQUIPMENT 
(ATE) 
As manufacturers strive to increase produc
tion, the question becomes not whether to 
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a. Type 1-Total Surface Mount 
(AII-SMD) SUbstrates 

J l=~ t C2Y 5
! '~ 

b. Type IIA - Mixed Print 
(Double-Sided) Substrate 

,.,,,080II 

c. Type liB - Mixed Print 
(Underside Attachment) Substrata 

Figure 1 

use automatic test engineering (ATE), but 
which ATE system to use and how much to 
spend on it. Because of the rapid fall in price 
of computers, memories, and peripherals, 
today's low-cost ATE equals the performance 
of the high-cost equipment of just two or 
three years ago. For factory automation, man· 
ufacturers must consider many factors, such 
as production yolume, product complexity, 
and availability of skilled personnel. 

One question is whether the ATE system can 
be used not only for production testing but 
aiso for service and repair to reduce the high 
cost of keeping a substrate inventory in the 
field. Another is whether assembly and pro
cess-lnduced faults represent a significant 
percentage of production defects, rather than 
out-of-tolerance components. Thase ques
tions need to be answered before deciding on 
the type of ATE system required. 



Signetics Linear Products 

Test and Repair 

a. Recommended Location 
of Test Points Close to SMDs 

b. Acceptable, Though 
Not Recommended, Location of 

Test Points Close to SMDs 

c. Unacceptable Location 
of Test Points Close to SMDs 

Figure 2 

Several systems are currently available to the 
manufacturer. including short-circuit testers, 
in-circuit testers, in-circuit analyzers, and 
functional testers. Figure 3 shows a bar-chart 
giving a comparison of percent fault detection 
and programming time for various ATE sys
tems. 

A loaded-board, short-circuit tester takes 
from two to six hours to program and its 
effective fault coverage is between 35% and 
65%. It has the advantage of being operation
ally fast and comparatively inexpensive. On 
the negative side, however, it is limited to the 
detection of short-circuits and may require a 
double-sided, bed-of-nails test fixture (see 
Figure 4), which for SMD substrates may be 
expensive and take time to produce. Careful 
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2. ,. 
Figure 3. Bar Chart Showing a 

Comparison of Percent Fault Detection 
and Programming Time for 

Various ATE Systems 

design can, however, often eliminate the 
need for double-sided test probe fixtures. 

In-circuit testers power the assembly and 
check for open or short-circuits, circuit pa
rameters, and can pinpoint defective compo
nents. They can provide around 90% fault 
coverage, but are more expensive than short
circuit testers and programming can take 
more than six weeks. 

In-circuit analyzers are relatively simple to 
program and can detect manufacturing-in
duced faults in one third of the time required 
by an in-circuit tester. Fault coverage is 
between 50% and 90%. Because they do not 
power the assembly, they cannot detect digi
tal logic faults, unlike an in-circuit tester or 
functional tester. 

Functional testers, on the other hand, check 
the assembly's performance and simply 
make a go or no-go decision. Either the 
assembly performs its required function or it 
does not. They are much more expensive, but 
their fault coverage is between 80% and 
98%. Their major disadvantages, apart from 
cost, are that they cannot locate defective 
components, and programming for a high
capacity system can take as long as nine 
months. 

ATE Systems 
An analYSis of defects on a finished substrate 
will determine which combination of ATE will 
best meet the test requirements with regard 
to fault coverage and throughput rate. 

If most defects are short-circuits, a loaded
board short-circuit tester, in tandem with an 
in-circuit tester, will pre-screen the substrate 
for short-circuits twice as fast as the in-circuit 
tester. This allows more time for the in-circuit 
tester to handle the more complex test re
quirements. This combination of ATE, instead 
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of an in-circuit tester alone, improves the 
throughput rate. 

Combining a short-circuit tester with a func
tional tester produces even more dramatic 
results. If most defects are manufacturing
produced shorts, the use of a short-circuit 
tester to relieve the functional tester of this 
task can Increase throughput five-fold while 
maintaining a fault coverage of up to 98%. 

If manufacturing faults and analog compo
nent defects are responsible for the majority 
of failures, a relatively low-cost, in-circuit 
analyzer can be used in tandem with an in
circuit tester or functional tester to reduce 
testing costs and improve throughput. The in
circuit analyzer is three times faster than an 
in-circuit tester in detecting manufacturing
induced faults, offers test and diagnostics 
usually within 10 seconds each, and is rela
tively simple to program. But because it is 
unpowered, an in-circuit analyzer cannot test 
digital logic faults; either an in-circuit tester or 
functional tester following the in-circuit ana
lyzer must be used to locate this type of 
defect. 

POLLUTED POWER SUPPLIES 
Today's electroniC components and the 
equipment used to test them are susceptible 
to electrical noise. Erroneous measurements 
on pass-or-fail tests could lower test through
put or, even more seriously, allow defective 
products to pass inspection. Semiconductor 
chips under test can also be damaged or 
destroyed as high·energy pulses or line-volt
age surges stress the fine-line geometrics 
separating individual cells. 

Noise pulses can be either in the normal (line
to-line) mode or common (line-to-ground) 
mode. Common-mode electrical noise poses 
a special threat to modern electronic circuitry 
since the safety ground line to which com
mon-mode noise is referenced is often used 
as the system's logic reference point. Since 
parasitiC capacitance exists between safety 
ground and the reference point, at high fre
quencies these points are essentially tied 
together, allowing noise to directly enter the 
system's logic. 

MANUAL REPAIR 
The repair of SMD-populated substrates will 
entail either the resoldering of individual joints 
and the removal of shorts or the replacement 
of defective components. 

The reworking of defective joints will invari
ably involve the use of a manual soldering 
iron. Bits are commercially available in a 
variety of shapes, including special hollow 
bits used for desoldering and for the removal 
of solder bridges. The criteria for the inspec-

• 
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Figure 4. Double-Sided, Bed-of-Nalla Teat Fixture 

""".708 
Figure 5. Heated Collet for the Removal and Replacement of Multl·Leaded SMDa 

(a PLCC 18 Shown Here) 

tion of reworked soldered jOints are the same 
as those for machine soldering. 

Special care must be taken when reworking 
or replacing electrostatic sensitive devices. 
Soldering irons should be well grounded via a 
safety resistor of minimum 100kn. The 
ground connection to the soldering iron 
should be welded rather than clamped. This 
is because oxidation occurs beneath the 
clamp, thus isolating the ground connection. 
Voltage spikes caused by the switching of the 
iron can be avoided by using either continu
ously-powered irons, or irons that switch only 
at zero voltage on the AC sine curve. 

To remove defective leadless SMOs, a variety 
of soldering iron bits are available that will 
apply the correct amount of heat to both ends 
of the component simultaneously and allow it 
to be removed from the substrate. If the 
substrate has been wave soldered, an adhe
sive will have been used, and the bond can 
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be broken by twisting the bit. Any adhesive 
reSidue must then be removed. The same 
tool is then used to place and solder the new 
component, using either solder cream or 
resin-cored solder. 

When a multi-leaded component, such as a 
plastic leaded chip carrier (PLCC), has to be 
removed, a heated collet can be used (see 
Figure 5). The collet is positioned over the 
PLCC, heat Is applied to the leads and solder 
lands automatically until the solder reflows. 
The collet, complete with the PLCC, Is then 
raised by vacuum. Solder cream is then re
applied to the solder lands by hand. No 
adhesive Is required In this operation. 

The collet Is positioned over the replacement 
PLCC, which is held in place by the slight 
spring pressure of the PLCC leads against the 
walls of the collet. The collet, complete with 
PLCC, is then raised pneumatically and posi
tioned over the solder lands. 
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Using air pressure, the center pin of the collet 
then pushes the PLCC into contact with the 
substrate where it is maintained with the 
correct amount of force. Heat is then applied 
through the walls of the collet to reflow the 
solder paste. The center pin maintains pres
sure on the PLCC until the solder has solidi
fied, then the center pin is raised and the 
replacement Is cOmplete. 

Another method, well-suited to densely popu
lated SMD substrates, uses a stream of 
heated air, directed onto the SMD termine
tIons. Once the solder has been rallowed, the 
component can be removed with the aid of 
tweezers. While the hot air Is being directed 
onto the component, cooler air is played onto 
the bottom of the substrate to protect it from 
heat damage. During removal, the compo
nent should be twisted sideways slightly in 
order to break the surface tension of the 
solder and any adhesive bond between the 
component and the substrate. This prevents 
damage to the substrate when the compo
nent Is lifted. 

To fit a new component, the solder lands are 
first ratinned and fluxed, the new component 
accurately placed, and the solder reflowed 
with hot air. SUbstituting superheated argon, 
nitrogen, or a mixture of nitrogen and hydro
gen for the hot air stream removes any risk of 
contaminating or oxidizing the solder. 

Focused Infrared light has also been used 
successfully to reflow the solder on densely 
populated substrates. 

In general, the equipment and procedures 
used for the replacement of PLCCs can be 
used for leadless ceramic chip carriers 
(LCCCs) and small-outline packages (SO 
ICs). SO ICs are somewhat easier to replace, 
as the leads are more accessible and only on 
two sides of the component. 
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INTRODUCTION 
The adoption of mass soldering techniques 
by the electronics industry wes promptad not 
only by economics, and a requirement for 
high throughput levels, but also by the need 
for a consistent standard of quality and reli
ability in the finished product unattainable by 
using manual methods. With surface-mount
ed device (SMD) assembly, this need is even 
greater. 

The quality of the end-product depends on 
the measures taken during the design and 
manufacturing stages. The foundations of a 
high.quality electronic circuit are laid with 
good design, and with correct choice of 
components and substrate configuration. It is, 
however, at the manufacturing stage where 
the greatest number of variables, both with 
respect to materials and techniques, have to 
be optimized to produce high-quality solder
ing, a prerequisite for reliability. 

Of the two most commonly-used soldering 
techniques, wave and reflow, wave soldering 
is by far the most widely used and under
stood. Many factors influence the outcome of 
the soldering operation, some relating to the 
soldering process itself, and others to the 
condition of components and substrate to 
which they are to be attached. These must be 
collectively assessed to ensure high-quality 
soldering. 

One of the most important. most neglected, 
and least underatood of these processes is 
the choice and application of flux. This sec
tion outlines the fluxing options available. and 
discusses the various cleaning techniques 
that may be required, for SMD substrate 
assembly. 

FLUXES 
Populating a substrate involves the soldering 
of a variety of terminations simultaneously. In 
one operation, a mixture of tinned copper, 
tin/lead-or gold-plated nickel-iron, palladium
silver, tin/lead-plated nickel-barrier, and even 
materials like Kovar, each possessing varying 
degrees of solderability, must be attached to 
a common substrate using a single solder 
alloy. 

It is for this reason that the choice of the flux 
is so important. The correct flux will remove 
surface oxides, prevent reoxidization, help to 
transfer heat from source to joint area. and 
leave non-corrosive, or eesily removable cor
rosive residues on the substrate. It will also 
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improve wettability of the solder joint sur
faces. 

The wettability of a metal surface is its ability 
to promote the formation of an alloy at its 
interface with the soider to ensure a strong, 
iow-resistance joint. 

However, the use of flux does not eliminate 
the need for adequate surface preparation. 
This is very important in the soldering of SMD 
substrates, where any temptation to use a 
highly-active flux in order to promote rapid 
wetting of ill-prepared surfaces should be 
avoided because it can cause serious prob
iems later when the corrosive flux reSidues 
have to be removed. Consequently, optimum 
solderability is an essential factor for SMD 
substrate assembly. 

Flux is applied before the wave soldering 
process, and during the reflow soldering pro
cess (where flux and solder are combined in a 
solder cream). By coating both bare metal 
and solder, flux retards atmospheric oxidiza
tion which would otherwise be intansified at 
soldering temperature. In the arees where the 
oxide film hes been removed, a direct metal
to-metal contact is established with one low
energy interface. It is from this point of 
contact that the solder will flow. 

Types of Flux 
There are two main characteristics of flux. 
The first is efficacy-its ability to promote 
wetting of surfaces by solder within a speci
fied time. Closely related to this is the activity 
of the flux. that is, its ability to chemicaliy 
clean the surfaces. 

The second is the corrosivity of the flux, or 
rather the corrosivity of its residues remaining 
on the substrate after soldering. This is again 
linked to the activity; the more active the flux. 
the more corrosive are its residues. 

Although there are many different fluxes 
available, and many more being developed, 
they fall into two basic categories; those with 
residues soluble in organic liquids, and those 
with residues soluble in water. 

Organic Soluble Fluxes 
Most of the fluxes soluble in organic liquids 
are based on colophony or rosin (a natural 
product obtained from pine sap that hes been 
distilled to remove the turpentine content). 
Solid colophony is difficult to apply to a 
substrate during machine soldering, so it is 
dissolved in a thinning agent. usually an 
alcohol. it hes a very low efficacy, and hence 
limited cleaning power, so activators are add-
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ed in varying quantities to increase it. These 
take the form of either organic acids, or 
organic salts that are chemically active at 
soldering temperatures. It is therefore conve
nient to classify the colophony-besed fluxes 
by their activator content. 

Non-Activated Rosin (R) Flux 
These fluxes are formed from pure colophony 
in a suitable solvent, usually isopropanol or 
ethyl alcohol. Efficacy is low and cleaning 
action is weak. Their uses in electronic sol
dering are limited to eesily-wettable materials 
with a high level of solderability. They are 
used mainly on circuits where no risk of 
corrosion can be tolerated, even after pro
longed use Omplanted cardiac pacemakers, 
for example). Their flux residues are noncor
rosive and can remain on the substrate, 
where they will provide good insulation. 

Rosin, Mildly-Activated (RMA) 
Flux 
These fluxes are also composed of colopho
ny in a solvent, but with the addition of 
activators, either in the form of di-besic or
ganic acids (such as succinc acid), or organic 
salts (such es dimethylammonium chloride or 
diethylammonium chloride). It is customary to 
express 

the amount of added activator es mass per
cent of the chlorine ion on the colophony 
content, es the activator-to-colophony ratio 
determines the activity, and, hence, the corro
sivity. In the case of RMA activated with 
organic salts, this is only some tenths of one 
percent. 

When organic acids are used, a higher per
centage of activator must be added to pro
duce the same efficacy es organic salts, so 
frequently both salts and acids are added. 
The cleaning action of RMA fluxes is stronger 
than that of the R type, although the corrosivi
ty of the residues is usually acceptable. 
These residues may be left on the substrate 
es they form a useful insulating layer on the 
metal surfaces. This layer can, however, 
impade the penetration of test probes at a 
later stage. 

Rosin, Activated (RA) Flux 
The RA fluxes are similar to the RMA fluxes, 
but contain a higher proportion of activators. 
They are used mainly when component or 
substrate solderability is poor and corrosion
risk requirements are less stringent. However, 
as good solderability is considered essential 
for SMD assembly, highly-actlvated rosin flux
es should not be necessary. The removal of 

• 
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flux residues Is optional and usually depen
dent upon the working environment of the 
finished product and the customer's require
ments. 

Water-Soluble Fluxes 
The water-soluble fluxes are generelly used 
to provide high fluxing actMty. Their residues 
are more corrosive and more conductive than 
the rosin-based fluxes, and, consequently, 
must always be removed from the finished 
substrate. Although termed water soluble, this 
does not necessarily imply thet they contain 
water; they may also contain alcohols or 
glycols. It is the flux residues that are water 
soluble. The usual composition of a water
soluble flux is shown below. 
1. A chemically-active component for clean

ing the surfaces. 
2. A wetting agent to promote the spreading 

of flux constituents. 
3. A solvent to provide even disbibution. 
4. Substsnces such as glycols or water

soluble polymers to keep the activator in 
close contsct with the matsl surfaces. 

Although these substsnces can be dissolved 
in water, other solvents are generally used, as 
water has a tendency to spatter during sol
dering. Solvents with higher boiling points, 
such as ethylene glycol or polyethylene glycol 
are preferred. 

Water-Soluble Fluxes With 
Inorganic Salts 
These are based on inorganic salts such as 
zinc chloride, or ammonium chloride, or inor
ganic acids such as hydrochloric. Those with 
zinc or ammonium chloride must be followed 
by very stringent cleaning procedures as any 
halide salts remaining on the substrate will 
cause severe corrosion. These fluxes are 
generally used for non-electrical soldering. 
Although the hydrazine halides are among 
the best active fluxing agents known, they are 
highly suspect from a health point of view and 
are therefore no longer used by flux manufac
turers. 

Water-Soluble Fluxes With 
Organic Salts 
These fluxes are based on organic hydrohal
ides such . as dlmethylammonlum chloride, 
cyclo hexalamine hydrochloride, and aniline 
hydrochloride, and also on the hydrohalides 
of organic acids. Fluxes with organic halides 
usually contsin vehicles such as glycerol or 
polyethylene glycol, and non-Ionic surface
active agents such as nonylphenol polyoxy
ethylene. Some of the vehicles, such as the 
polyethylene glycols. can degrade the insula
tion realstsnce of epoxy substrate material 
and, by rendering. the substrate hydrophilic, 
make it susceptible to electrical leakage in 
high-humidity environments. 
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Water-Soluble Fluxes With 
Organic Acids 
Based on acids such as lactiC, melonic, or 
citric, these fluxes are used when the pres
ence of any halide is prohibited. However, 
their fluxing action Is weak, and high acid 
concentrations have to be used. On the other 
hand, they have the advantage that the flux 
residues can be left on the substrate for some 
time before washing without the risk of severe 
corrosion. 

Solder Creams 
For reflow soldering, both the solder and the 
flux are applied to the substrate before sol
dering and can be In the form of solder 
creams (or pastes), preforms, electro-deposit, 
or a layer of solder applied to the conductors 
by dipping. For SMD reflow soldering, solder 
cream is generally used. 

Solder cream is a suspension of solder parti
cles in flux to which special compounds have 
been added to improve the rheological prop
erties. The shape of the particles is important 
and normally spherical particles are used, 
although non-spherical particles are now be
ing added, particularly in very fine-line solder
ing. 

In principle, the same fluxes are used in 
solder creams as for wave soldering. Howev
er, due to the relatively large surface area of 
the solder particles (which can oxidize), more 
effective fluxing is required and, in general, 
solder creams contain a higher percentage of 
activators than the liquid fluxes. The drying of 
the solder paste during preheating (after com
ponent placement) is an important stage as It 
reduces any tendency for components to 
become displaced during soldering. 

Flux Selection 
Choosing an appropriate flux Is of prime 
importance to the soldering system for the 
production of hlgh-quallty, reliable Joints. 
When solderability is good, a mildly-activated 
flux will be adequate, but when solderability is 
poorer, a more effective, more active flux will 
be required. The choice of flux, moreover, will 
be influenced by the cleaning facilities avail
able, and if, in fact, cleaning is even feasible. 

With water-soluble fluxes, aqueous cleaning 
of the substrate after soldering is mandatory. 
If thorough cleaning is not carried out, severe 
problems may arise in the field, due to corro
sion or short circuits caused by too lOW a 
surface resistance of the conductive resi
dues. 

For rosin-based fluxes, the need for cleaning 
will depend on the activity of the flux. Mildly
activated rosin residues can, In most cases, 
remain on the substrate where they will afford 
protection and Insulation. In practice, for the 
great majority of electronic circuits, the 
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choice will be between an RA or an RMA 
rosin-based flux. 

Application of Flux 
Three bsslc factors datsrmlne the method of 
applying flux: the soldering process (wave or 
reflow), the type of substrate being processed 
(all-SMD or mixed print), and the type of flux. 

For wave Soldering, the flux must be applied 
in liquid form before soldering. While It Is 
possible to apply the flux at a separate fluxing 
station, with the high throughput rates de
manded to maximize the benefits of SMD 
technology, today's wavs-soldering machines 
incorporate an Integral fluxing ststlon prior to 
the preheat stsge. This enables the preheat 
stsge to be used to dry the flux as well as 
preheat the substrate to minimize thermal 
shock. 

The most commonly-used methods of apply
ing flux for wave soldering are by foam, wave, 
or spray. 

Foam Fluxing 
Foam flux Is generated by forcing low-pres
sure clean air through an aerator immersed in 
liquid flux (see Figure 1). The fine bubbles 
produced by the aerator are guided to the 
surface by a chimney-shaped nozzle. The 
substrates are passed across the top of the 
nozzle so that the solder side comes in 
contact with the foam and an even layer of 
flux is applied. As the bubbles burst, flux 
penetrates any plated-through holes in the 
substrate. 

Wave Fluxing 
A double-sided wave can also be used to 
apply flux, where the washing action of the 
wave deposits a layer of flux on the solder 
side of the substrate (see Figure 2). Wave
height control is essential and a soft, wipe-off 
brush should be Incorporated on the exit side 
of the fluxing ststion to remove excess flux 
from the substrate. 

Figure 1. SchematiC Diagram 
of Foam Fluxer 

--
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Figure 2. Schematic Diagram 
of Wave Fluxer 

Spray Fluxing 
Several methods of spray fluxing exist; the 
most common involves a mesh drum rotating 
In liquid flux. Air is blown into the drum which, 
when passing through the fine mesh, directs 
a spray of flux onto the underside of the 
substrate (see Figure 3). Four parameters 
affect the amount of flux deposited: conveyor 
sPeed, drum rotation, air prassura, and flux 
density. The thickness of the flux layer can be 
controlled using these parameters, and can 
vary between 1 and 10jUII. 

The advantages and disadvantages of these 
threa flux application techniques ara ouUined 
In Table 1. 

Flux Density 
One of the maln control factors for fluxes 
used in machine soldering is the flux density. 
This provtdes an Indication of the solids 
content of the flux. and Is dependent on the 
natura of the solvents used. Automatic con
trol systems, which monitor flux density and 
injact mora solvent as required, ara commer
cially avallable, and it Is relatively simple to 
Incorporate them into the fluxing system. 

Figure 3. Schematic Diagram 
of Spray Fluxer 
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PREHEATING 
Preheating the substrate before soldering 
serves several purposes. It dries the flux to 
evaporate most of the solvent, thus increas
ing the viscosity. If the viscosity Is too low, the 
flux may be prematurely expelled from the 
substrate by the molten solder. This can 
result in poor wetting of the surfaces, and 
solder spetter. 

Drying the flux also accalerates the chemical 
action of the flux on the surfaces, and so 
speeds up the soldering process. During the 
preheating stage, substrate and components 
ara heated to between 8O·C and 90·C (sol
vent-based fluxes) or to between 100·C and 
110·C (water-based systems). This reduces 
the thermal shock when the substrate makes 
contact with the molten solder, and minimizes 
any likelihood of the substrate warping. 

The most common methods of preheating 
are: convecticn heating with forced air, radia
tion heating using colis, infrared quartz lamps 
or heated panels, or a combination of both 
convection and radiation. The use of forced 
alr has the added advantage of being more 
effective for the removal of evaporated sol
vent. Optimum preheat temperature and du
ration will depend on the nature and design of 
the substrate and the composition of the flux. 

Figure 4 shows a typical method of preheat 
temperature control. The desired temperature 
is set on the control panel, and the micropro
cessor regulates preheater No. 1 to provide 
approximately 80% of the required heat. The 
IR detector scans the substrate immediately 
following No. 1 heater and reads the surface 
temparature. By taking into account the sur
face temperature, conveyor speed, and the 
thermal characteristics of the substrate, the 
microprocessor then calculates the amount 
of additional heat required to be provided by 
heater No. 2 In order to attain the preset 
temperature. In this way, each substrate will 
have the same surface temperatura on reach
ing the solder bath. 

POSTSOLDERING CLEANING 
Now that worldwide efforts in both commer
cial and Industrial electronics ara converting 
old designs from conventional assembly to 
surface mounting, or a combination of both, it 
can also be expected that high-volume clean
Ing systems will convert from in-line aqueous 
cleaners to in-line solvent cleaners or in-line 
saponification systems (a technique that uses 
an alkeline material in water to react with the 
rosin so that It becomes water soluble). 
These systems may, however, become sub
ject to environmental objections, and new 
governmental restrictions on the use of halo
genated hydrocarbons. 
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The major reason for this is that the water
soluble flux residues, containing a higher 
concentration of activators, or showing hygro
scopic behavior, are much more difficult to 
remove from SMD-populated substrates than 
rosin-ilased flux residues. This is primarily 
because the higher surface tension of water, 
compared to solvents, makes ~ difficult for 
the cleaning agents to penetrate beneath 
SMDs, especially the larger ones, w~h their 
greatly reduced off-contact distance (the dis
tance between component and substrate). 

Postsoldering cleaning removes any contami
nation, such as surface deposits, inclusions, 
occlusions, or absorbed matter which may 
degrade to an unaccaptable level the chemi
cal, physical, or electrical properties of the 
assembly. The types of contaminant on sub
strates that can produce either electrical or 
mechanical fallure over short or prolonged 
periods ara shown In Table 2. 

All these contaminants, regardless of their 
origin, fall into one of two groups: polar and 
non-polar. 

Polar Contaminants 
Polar contaminants are compounds that dis
sociate into free ions which are vary good 
conductors in water, quite capable of causing 
circuit failures. They are also very reactive 
with metels and produce corrosive reactions. 
It is essential that polar contaminants be 
removed from the substrates. 

Non-Polar Contaminants 
Non-polar contaminants are compounds that 
do not dissociate into free ions or carry an 
electrical current and are generally good 
insulators. Rosin is a typical example of a 
non-polar contaminant. In most cases, non
polar contamination does not contribute to 
corrosion or electrical failure and may be left 
on the substrate. It may, however, impede 
functional testing by probes and prevent good 
conformal coat adhesion. 

Solvents 
The solvents currently used for the post
soldering cleaning of substrates are normally 
organic based and are covered by three 
classifications: hydrophobic, hydrophillic, and 
azeotropes of hydrophobic/hydrophillic 
blends. 

Azeotroplc solvents are mixtures of two or 
more different solvents which behave like a 
single liquid insomuch that the vapor pro
duced by evaporstion has the same composi
tion as the liquid, which has a constant boiling 
point between the boiling points of the two 
solvents that form the azeotrope. The basic 
ingredients of the azeotropic solvents are 
combined with alcohols and stabilizers. 
These stabilizers, such as nitromethane, ara 
Included to prevent corrosive reaction be-

I 
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Table 1. Advantages and Disadvantages of Flux Application MethOds 

Method Advantages Dlaadvantages 

Foam • Compatible with continuous • Not all fluxes have good foaming 
Fluxing sOldering process capabilities 

• Foam crest height not • Losses throught evaporation may 
critical be appreCiable 

• Suitable for mixed-print • Prolonged preheating because of 
substrates high boiling point of solvents 

Wave • Can be used with any • Wave crest height is critical to 
Fluxing liquid flux ensure good contsct with bottom 

of substrate without 
contsmlnating the top 

• Compatible with continuous 
soldering process 

• Suitable for densely-
populated mixed print 

Spray • Can be used with most 
fluxing liquid fluxes 

• Short preheat time if 
appropriate alcohol 
solvents are used 

• Layer thickness is 
controllable 

tween the metallization of the substrate and 
the basic solvents. 

Hydrophobic solvents do not mix with water 
at concentrations exceeding 0.2%, and con
sequently have little effect on ionic contami
nation. They can be used to remove non
polar contaminants such as rosin, oils, and 
greases. 

Hydrophililc solvents do mix with water and 
can dissolve both polar and non-polar con
tamination, but at different rates. To over
come these differences, azeotropes of the 
various solvents are formulated to maximize 
the dissolving action for all types of contami
nation. 

Solvent Cleaning 
Two types of solvent cleaning systems are in 
use today: batch and conveyorized systems, 
either of which can be used for high-volume 
production. In both systems, the contaminat
ed substrates are Immersed in the boiling 
solvents, and ultrasonic baths or brushes may 
also be used to further Improve the cleaning 
capabilities. 

The washing of . rosin-based fluxes offers 
advantages and disadvantages. Washed sub
strates can usually be inserted into racks 
9a$ier, as there will be no residues on their 
edges; test probes can make better contact 
without a rosin layer on the test points, and 
the ramoval of the residues makes It easier to 
visually examine the soldered joints. On the 
other hand, washing equipment is expensive, 
and so are the solvents, and some solvents 
present a health or environmental hazard if 
not correctly dealt with. 
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• High flux losses due to non-
recoverable spray 

• System requires frequent 
cleaning 

Aqueous Cleaning 
For high-volume production, special ma
chines have been developed· in which the 
substrates are conveyor-fed through the vaii
ousstages of spraying, washing,rinsing, and 
drying. The final rinse water is blown from the 
substrates to prevent any deposits from the 
water being left on the substrate, 

Where water-soluble fluxes have been used 
in the ·soldering proceSs, substrate cleaning is 
mandatory. For the rosin-besedfluxes, it is 
optional, and is often at the discretion of the 
customer. 

Conformal Coatings 
A conformal, or protective coating on the 
substrate, applied at the end of processing, 
prevents or minimizes the effects of humidity 
and protects the substrate from contamina
tion by airborne dust particles. Substrates 
that are to be provided with a conformal 
coating (dependent on the environmental 
conditions to which the subStrate will be 
subjected) must flrst be washed. 

Environmental and Ecological 
Aspects of Fluxes and. $alvents 
Fumes and vapors produced during soldering 
processes, or during cleaning, will not, under 
normal circumstances, present a health ha
zard, If relevant health and safety regulations 
are observed. 

Fumes Originating from colophony can cause 
respiratory problems, so an efficient fume
extraction system is esSential. The extracticn 
system must cover the flUxing, preheating, 
and soldering stations, remain operational for 
at least one hour after machine shutdown, 
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and confOrm to local regulations. Today, the 
problem of noxious fumes is unlikely to con
cem the cleaning station, as all commercial 
systems are equipped to condense the va
pors back Into the system. .In the future, 
however, It can be expected· that a much 
lOWer degree of escape of noxious fumes 
from any system will be allowed, and all 
systems may have to be reviewed. 

Certeln fluxes, particulariy some water-solu
ble ones, contain highly aggressive sub
stances, and rriust not be allowed to come 
into contact with the skin or eyes. Any con
tamination should Immediately be removed 
with plenty of clean, fresh water. Deionized 
water should also b8 readily available as an 
eye-wash. Should contamination occur, a 
qualified medical practitioner should be con
sulted. Protective clothing should be worn 
during cleaning or maintenance of the fluxing 
station. 

Conclusion 
SMD techn910gy Imposes tougher restraints 
on fluxing and cleaning of substrate essem
blies .. Traditionally, rosin-based fluxes have 
been used In electronic soldering where resi
dues were considered "safe" and could be 
left on the board. However, increasad SMD 
packing density, fine-line tracks, and more 
rigid specifications have resulted in changes 
to this basic philosophy. 

There is now a demand for surfaces free from 
residues; test probes are more efficient when 
they do not have to penetrate rosin flux 
residues, and conformaf coating and board 
inspection benefit from the absance of such 
residues. 

Cleaning also poses problems for SMD sub
strates. The close proximity of component 
and substrate means that solvents cannot 
effectively clean beneath devices. Compo
nents must also be compatible with the clean
ing process. They must, for example, be 
resistant to the solvents used and to the 
temperatures of the cleaning process. They 
must also be sealed to prevent cleaning fluids 
from entering the devices and degrading 
performance. 

So, eliminating the need for cleaning Is better 
than poor or Inccmplete cleaning. And in a 
well-balanced system. mildly-activated rosin
based fluxes, leaving only non-corrosive resi
dues, can be successfully used for SMD 
substrate soldering without subsequent 
cleaning. 

Much research Into fluxes and solder creams 
Is presently being done - for example, the 
production of synthetic . resin, with qualities 
superior to coIop/Ioi!y at a lower cost Anoth
er area of research is that· of solder creams 
with non-melting additives, such as lead or 
ceramic spheres, that Increasa the distance 
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Figure 4. Schematic Dlagrem of a typical Controlled Prehnt Syatam 

Table 2. SUbstrate Contamlnanta 

Contaminant OrIgIn 

Organic compounds Fluxes, solder mask 
Inorganic insoluble compounds Photo-resists, substrate processing 
Organo-metsllic compounds Fluxes, substrate processing 
Inorganic soluble compounds Fluxes 
Particle matter Dust, fingerprints 
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between component and substrate, thus 
making It easier for cleaning fluids to pene
Irate beneath the compoilenl It also in
craases the joint's ability to withstand thermal 
cycling. 

Rosin-free and halic:Je..free fluxes ara also 
being developed with similar activities to con
ventional rosin-based fluxes. These new 
types will combine the "safety" of rosin 
fluxes with easier ramoval in conventional 
solvents. Using non-polar materials, ionizable 
or corrosive rasidues ara eliminated, and the 
need for cleaning immediately after soldering 
is avoided. 

I 
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INTRODUCTION 
Thermal characteristics of Integrated circuit 
(IC) packages have always be.! a major 
consideration to both producais and uaars of 
electronics products. This is becauaa an In
creaee In junction temperature (T J) can have 
an adverse effect on the long-term operating 
life of an IC. As will be shown In this section, 
the advantages realized by minlaturtzatlon 
can often have trade-offs In terms of in
creaeed junction temperatures. Some of the 
VARIABLES affecting T J are controlled by 
the PRODUCER of the IC, while others are 
controlled by the USER and the ENVIRON
MENT In which the devlca Ie ueed. 

With the Incraased use ofSuriace-Mount 
DevIce ($MO)· technology, management· of 

so LEADFRAIIE 

DIP LEAIIFRAIIE 

""""'" 

a. 80-14 l.ellclframe Compared 
to • 1~ln DIP Leadfnlma 

February 1987 

Thermal· Considerations for 
Surface-Mounted Devices 

thermal characteristics remains a valid con
cem, not only because the SMO packages 
are much smaller, but also because the 
thermal energy is concentrated more densely 
on the printed wiring board (PWB). For these 
reasons, the designer and manufacturer of 
surlace-mount assemblias (SMAs) must be 
more awara of all the variables affecting T J. 

POWER DISSIPATION 
Power dissipation (Po), varies from one de
vice to another and can be obtained by 
multiplying Vcc Max by typlcallro Since Icc 
decreaees with an increaee In temperature, 
maximum Icc values are not used. 

. DP LEADFRAME 

THERMAL RESISTANCE 
The ability of the package to conduct this 
heat from the chip to the environment Is 
expressed in terms of thermal rasistance. The 
term normally used Is Theta JA (8JAl. 8JAIs 
ollen separated into two components: ther
mal resistance from the junction to esse, and 
the thermal resistance from the esse to 
ambient. 8JA represents the totel resistance 
to heat flow from the chip to ambient and is 
expressed as follows: 

8JC + 8011 = 8JA 

JUNCTION TEMPERATURE (TJ) 
Junction temperature (T J) Is the temperature 
of a powered IC measured by Signetlcs at the 

b. PLCC-68 Leadi'rame Compared 
to a 84-Pln DIP Leadtreme 

Figure 1 
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substrate diode. When the chip is powered, 
the heat generated causes the T J to rise 
above the ambient temperature (TAl. T J is 
calculated by multiplying the power dissipa
ticn of the device by the thermal reslstenca of 
the package and adding the ambient temper
ature to the result. 

TJ- (Po X /lJAl +TA 

FACTORS AFFECTING 8JA 
There are several factors which affect the 
thermal resistance of any IC package. Effec
tive thermal management demands a sound 
understanding of all these variables. Package 
variables include the leadframe design and 
materials, the plastic used to encapaulate the 
device, and, to a lesser extent, other vari
ables such as the die size and die attach 
methods. Other factors that have a significant 
Impact on the /lJA include the substrate upon 
which the IC Is mounted, t~e density of the 
layout, the air-gap between' the package and 
the substrate, the number and length of 
traces on the board, the use of thermally
conductive epoxies, and external cooling 
methods. 

PACKAGE CONSIDERATIONS 
Studies with dual in-line plastic (DIP) pack
ages over the years have shown the value of 
proper leadframe design In achieving mini
mum thermal resistance. SMD leadframes 
are smaller than their DIP counterparts (ses 
Figures 1 a and 1 b). Because the same die Is 
used in each of the packages, the die-pad, or 
flag, must be at least as large In the SO as In 
the DIP. 

While the size and shape of the leads have a 
measurable effect on /lJA, the design factors 
that have the most significant effect are the 
die-pad size and the tie-bar size. With design 
constraints caused by both miniaturizaticn 
and the need to assemble packages In an 
automated environment, the internal design 
of an SMD is much different than in a DIP. 
However, the design Is one that strikes a 
balance betwean the need to miniaturize, the 
need to automate the assembly of the pack
age, and the need to oblein optimum thermal 
characteristics. 

lEAD FRAME MATERIAL is one of the more 
important factors In thermal management. 
For years, the DIP leadframes were con
stIUcted out of Alloy-42. These leadirames 
met the producers' and users' specifications 
in quality and reliability. However, three to five 
years ago the leadframe material of DiPs was 
changed from Alloy-42 to Copper (ClF) In 
order to provide reduced /lJA and extend the 
reliable temperature-operating range. While 
this change has already taken place for the 
DIP, It is stili taking place for the SO package. 

February 1887 

Signetics began making 14-pin SO packages 
with ClF In April 1984 and completed conver
sion to ClF for all SO packages by 1985. As 
is shown In Figures 10 through 14, the 
ch811g8 to CLF is producing dramatic results 
in the /lJA of SO packages. All PlCCs are 
assembled with copper leadframes. 

The MOLDING COMPOUND is another factor 
in thermal management. The compound used 
by Slgnetlcs and Philips is the same high 
purity epoxy used in DIP packages (at pres
ent, HC-l0, Type II). This reduces corrosion 
caused by impurities and moisture. 

OTHER FACTORS often considered are the 
die-size, die-attach methods, and wire bond
ing. Tests have shown that die size has a 
minor effect on /lJA (sea Figures 10 through 
14). 

While there is a difference between the 
thermal resistance of the silver-filled adhesive 
used for die attach and a gold silicon eutectic 
die attach, the thickness of this layer (1 - 2 
mils) is so small it makes the difference 
insignificant. 

Gold-wire bonding in the range of 1.0 to 1.3 
mils doas not provide a significant thermal 
path in any package. 

In summary, the SMD leadframe is much 
smaller than in a DIP and, out of necessity, is 
designed differently; however, the SMD pack
age offers an adequate /lJA for all moderate 
power devices. Further, the change to ClF 
will reduce the /lJA even more, lowering the TJ 
and providing an even greater margin of 
reliability. 

SIGNETICS' THERMAL 
RESISTANCE 
MEASUREMENTS--SMD 
PACKAGES 
The graphs illustrated in this application note 
show the thermal resistance of Signetlcs' 
SMD devices. These graphs give the relation
ship between /lJA Ounction-to-ambient) or /lJC 
Ounction-to-case) and the device die size. 
Data is also provided showing the difference 
between stili air (natural convection cooling) 
and air flow (forced cooling) ambients. All /lJA 
tests were run with the SMD device soldered 
to test boards. It is important to recognize 
that the test board is an easential part of the 
test environment and that boards of different 
sizes, trace layouts, or compositions may give 
different results from this data. Each SMD 
user should compare his system to the 
Slgnetlcs test system and determine if the 
data is appropriate or needs adjustment for 
his application. 
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Teat Method 
Signe!lcs uses what is commonly called the 
TSP (temperature-sensitive parameter) meth
od. This method meets Mil-STD 883C, Meth
od 1012.1. The basic idea of this method is to 
use the forward voltage drop of a calibrated 
diode to measure the ch811g8 in Junction 
temperature due to a known power dissipa
tion. The thermal resistance can be calculat
ed using the following equation: 

.6.TJ TJ-TA 
/lJA-----

Po Po 

Teat Procedure 
TSP calibration 
The TSP diode is calibrated using a constant
temperature oil bath and constant-current 
power supply. The calibration temperatures 
used are typically 25°C and 75°C and are 
measured to an accuracy of ± O.I°C. The 
calibration current must be kept low to avoid 
significant Junction heating; data given here 
used constant currents of either 1.0mA or 
3.0mA. The temperature coefficient (K-Fao
tor) Is calculated using the following equaticn: 

T2- Tl I K - --- IF - Constant 
VF2- VFl 

Where: K - Temperature CoeffIcient (OC/mV) 
T2 - Higher Test Temperature (OC) 
Tl = Lower Test Temperature (OC) 
VF2 - Forward Voltage at IF and T 2 
VFl - Forward Voltage at IF and Tl 
IF - Constant Forward Measure-

ment Current 
(See Figure 2) 

Figura 2. F-.d Voltage - Junction 
Temperatura Characterlatlcs ofa 

Semiconductor Junction ODBratlng at 
a Constant Currant. The I( Factor la 

the Reciprocal of the Slope 

Thermal Reslatance 
Meaaurement 
The thermal resistance is measured by apply
ing a sequence of constant current and 
constant voltage pulses to the device under 
test. The constant current pulse (same cur
rent at which the TSP was calibrated) is used 
to measure the forward voltage of the TSP. 
The constant voltage pulse is used to heet 
the part. The measurement pulse is very short 

• 
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(less than 1 % of cycle) compared to the 
heating pulse.(greater than 99% of cycle) to 
minimize juncti()n COOling during measure
ment. This cycle starts at ambient tempera
ture and continues until ateady-state condi
tions are reached. The tharmal reslstence 
can then be calculated using the following 
equation: 

BJA = .o1TJ _ K(VFA - VFs) 

Po VH X IH 

Where: VFA = Forward Voltage of TSP at Am
bient Temperature (mV) 

VFS = Forward Voltege of TSP at 
Steady-State Temperature 
(mV) 

VH - Heating Voltage M 
IH - Heating CUrrent (A) 

Test Ambient 
BJA Teata 
All BJA test data collected in this application 
note was obtained with the SMD devices 
soldered to elthar Philips SO Thermal Resis
tance Test Boards or Signetics PLCC Ther
mal Resistsnce Test Boards with the follow
Ing parameters: 

Board size - SO Small 
1.12" X 0.75" X 0.059" 

-SO Large: 
1.58" X 0.75" X 0.059" 

-PLCC: 
2.24" X 2.24" X 0.062" 

Board Material- Glass epoxy, FR-4 type 
with 1oz. sq.ft. copper sol
der coated 

Board Trace Configuration - See Figure 3. 

SO devices are set at 6 - 9mil stand-ofl and 
SO boards use one connection pin per device 
lead. PLCC boards genarally use 2 - 4 con
nection pins regardless of device lead count. 
FIgure 5 shows a cross-section of an SO part 
soldered to test board, and Figure 4 shows 
typical boardl device assemblies ready for BJA 
Test 

The still-air tests ware run in a box having a 
volume of 1 cubic foot of air at room tempera
ture. The air-flow tests were run in a 4" X 4" 
cross-section by 26" long wind tunnel with air 
at room temperature. All devices were 
.soldered on test boards and held in a horizon
tal test position. The test boards were held In 
a Textool ZIF socket with 0.16" stand-off. 
FIgure 6 shows the air-flow test setup. 

BJC Testa 
The BJC test is run by holding the test device 
against an "infinite" heat sink (water-cooled 
block approximately 4" X 7" X 0.75") to give 

February 1967 

Figure 3. Board Trace Configuration for Thermal Realstance Test Boards 

Figure 4. Devlcs/Board Assemblies 

a BOA (case-to-ambient) approaching zero. 
The copper heat sink is held at a constant 
temperature ("'20°C) and monitored with a 
thermocouple (0.040" diameter sheath, 
grounded junction type K) mounted flush with 
hast-sink surface and centered below die in 
the test device. Figure 7 shows the BJC test 
mounting for a PLCC device. 

SO devices ere mounted with the bottom of 
the package held against the heat sink. This 
is achieved by bending the device leads 
straight out from the package body. Two 
amall wires are soldered to the appropriate 
leads for testar connection. Thermal grease 
is used between the test device and heat sink 
to essure good thermal coupling. 

PLCC devices are mounted with the top of 
the package held against the heat sink. A 
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n TESl"DEVlCE 

MRrIlAN. DOFF 
TESI" IIQAIID 
PLASIlCPlN 
SUPPORT 

CONNECTION 
PINS 

Figure 5. Cross-Ssctlon of Test DevIce 
Soldered to Test Board 

small spacer is used between the hold-down 
mechanism and PLCC bottom pedestal. 
Small hook-up wires and thermal gresse are 
used as with the SO setup. FIgure 7 shows 
the PLCC mounting. 
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80_ PLCCDmCES 

_AIRFLOW 

so Devices PLCC Devices 
Figure 6. Air-Flow Test Setup 

DATA PRESENTATION 
The data presented in this application note 
was run at constant power dissipation for 
each package type. The power dissipation 
used is given undar Test Conditions for each 
graph. Higher or lower power dissipation will 
have a slight effect on thermal resistance. 
The general trend of thermal resistance de
creasing with incressing power is ocmmon to 
all packages. Figure 8 shows the average 
effect of power dissipation on SMD 8JA. 

Thermal resistance can also be affected by 
slight variations in intamal leadframe design 
such as pad size. Larger pads give slightly 
lower thermal resistance for the same size 
die. The data presentad represents the typi
cal Signetics leadframel die ocmbinations 
with large die on large pads and small die on 
small pads. The effect of leadframe design is 
within the ± 15% accuracy of these graphs. 

SO devices are currently available in both 
copper or alloy 42 leadframes; however, 
Signetics is ocnverting to ocpper only. PLCC 
devices are only available using copper lead
frames. 

The average lowering effect of air flow on 
SMD 9JA Is shown in Figure 9. 

Thermal calculations 
The approximate junction temperature can be 
calculated using the following equation: 

TJ- (9JA X Po) +TA 

Where: T J - Junction Temperature (OC) 

8JA- Thermal Resistance Junction
to-Ambient ("C/W) 

Po - Power Dissipation at a TJ 
(VCC x Icc) (W) 

T A - Temperature of Ambient (0C) 

February 1987 

Example: Determine approximate junction 
temperature of SOL-20 at 0.5W dis
sipation using 10,000 sq. mil die 
and ocpper leadframe in stili air and 
200 LFPM air-flow ambients. Given 
TA - 30°C, 

-I -. 

1. Find 9JA for SOL-20 using 10,000 
sq. mil die and ocpper leadframe 
from typical 9JA data - SOL-20 
graph. 

Answer: 88°C/W @ 0.7W 

2. Determine 9JA @ 0.5W using Av
erage Effect of Power Dissipation 
on AMD 9JA, Figure 8. 

Percent cha:1IJe In Power 

0.5W-0.7W 
0.7W X 100 

--28.6% 

_RANGE 
8CII UlOt.oW 

PI..CC Il.lI02.0W 

\ 

'\ 
:-;.; 

l' 
I' 

-10-411-110 0 20 40 10 10 1110 120 140 

PERCENT CHANGE IN POWER 

Figure 8. Averege Effect of Power 
Dleslpatlon on SMD 8JA 
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THERMOCOUPLE 

figure 7. 8J$;_ Test Setup 
With PLCC Device 

From Figure 8: 
28.6% chenge in power gives 
3.5% increase in 9JA 

Answer: 
88°C/W + (88 X 0.035) 
- 91°C/W @ 0.5W 

3. Determine 9JA @ 0.5W in 200 
. LFPM air flow from Average Ef
fect of Air Flow on SMD 9JA, 
Figure 9. 

From Figure 9: 200 LFPM air flow 
gives 14% decrease in 8JA 

Answer: 
91 °C/W - (91 X 0.14) - 78°C/W 

4. calculate approximate junction 
temperature 

Answer: 
T J (still-air) 
- (91°C/W X 0.5W) + 30 
-76°C 

TJ (200 LFPM) 
- (78°C/W X O.5W) + 30 
-69°C 

+lr-r-r-r-r-r--r--r--r--,......, 
o 

J -5 
z -10 I-''I-~III-''''k-+-+-+-+--I--I--I 
iii 
" -lIl-t':-NS:--'poo..~+- II~_I--I 
1-20~~~~-+~~1--I 

i =: I-+-+-p..~ 
r' -3II-+-+-+--¥--f'-...J 

-40 

_~~~~L-L-L-L-L-L-~ 

01110211030040010010071101001001Il00 

AIR FLOW (LFPM) 

Figure 9. Averege Effect of Air Flow 
on SMD 8JA 
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~1ca18JA Data SO-81 'J'tpIca18JA Data s()'141 ~1ca18JA Data SO-181 
300 300 300 --~tftttrL~ - L!'42IJDFL~ -

200 - ~ r- 200 200 
COPP~R L~D~RAME m==W=F-Ii ~ ~ -~EAf"'E E160 ~160 ~160 

~ ~ COPPER L ;ADFRAME .. ~ Cb,P~R L~DFRAME 
100 100 100 

50 50 50 

0 0 0 
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 8 7 8 9 10 0 1 2 3 4 5 8 7 8 9 10 

DIE SIZE (SO MILS • 1000) DIE SIZE (SO MILS. 1000) DIE SIZE (SO MILS. 1000) 

CI'0238OS """"'" -
'lWllca18JA Data SOI.-182 ~lcal8JA Data SOl.-203 ~lcal8JA Data SOL-243 

300 300 300 - - -
200 200 200 

~ ~ j' 

~150 ....... ~160 E150 

"'~ ....!:!:...LIJ'f 42 LEADFRAME "'~ -~42LEADFR~ME ..~ 

100 100 100 ALLIJ'f 42 LEADFRAME f--
COPiER L~DFRArE COPPER LEADFRAME COPPER LEADFRAME 

50 50 50 

0 0 0 
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30 

DIESlZE(SOMILS .1000) DIE SIZE (SO MILS .1000) DIE SIZE (SO MILS • 1000) 

OP02411S OPOZ4218 OP02431S 

~1ca18JA Data SOL-283 
NOTES: 
1. TEST CONDITIONS: 

300 Test ambient: Still air 
Power dissipation: 0.5W 

250 
Test fixture: Philips PCB (1.12" X 0.75" X 0.059") 
Accuracy: ±15% 

200 2. TEST CONDITIONS: 
Test ambient: 51111 &if 

Ii Power dissipation: 0.5W 

E150 Test fixture: Philips PCB (1.5S" X 0.75" X 0.059") 
Aocuracy: '15% 

"'~ 
100 -ALLOY 42 LEADFRAME,- - 3. TEST CONDITIONS: 

Test ambient Still air 

COPPER LEADFRAME Power dissipation: 0.7W 
50 Test fIXture: Philips PCB (1.5S" X 0.75" X 0.059,,) 

Accuracy: ±15% 

0 
0 5 10 15 20 25 30 35 40 4550 

DIE SIZE (SO MILS. 1000) ...... ,. 
Figure 10. Typical SMD Thermal (8JA) Characteristics 
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~19JA Data PLCC-201 
1re 

10 

10 

70 

(: 
... f! 40 

50 

20 

10 

o 

r---

051015202530364046505580 
DIESlZE(SQMILS .1000) 

~lcal9JA Data PLCC-li21 
~~~~~~~~~~~ 

1Or-r-r-~~~~~~-1 

8Or-r-r-~~~~~~-1 

7Or-r-r-r-~~~---t---t-1 

(:I-I-I-HHHI--II--I----I---l 

~ 4Or-r-r-~t-+-+-~~~~ 
3Or-r-r-~~~~---t---t-1 

2Or-r-r-~~~~---t---t-1 

lOr-r-r-~~~~---t---t-1 
oL-L-L-~~~~~~~ 

0102050405O5O708080~ 

DIES1ZE(SQMILS .1000) 

N01U: 
1. TEST CONDmONS: 
Test ambient 
Power dissipation: 
Test fixture: 

Accuracy: 

Stliloir 
0.75W 
Signetics PCB 
(2.24" X 2.24" X 0.062") 
±15% 

~ 

10 

10 

70 

~: 
~40 

50 

20 

10 

o 

'lWlca19JA Data PLcc.281 

.... -

0510152025503&4046505580 
DlESIZE(SQMILS • 1000) 

~19JA Data PLcceaa 
~.-r-~r-r-r-rlrlrI-' 
1O~~---t---t~---t---t-1-1-1 

1O~---t---t---t~---t-1-1-1-1 

7OH--+-+-+--1-+-+-+-H 
~ 80 H-+-+-+-H-+-+-H 
~ 50 H-+-+-t--t--t--H-+-I 
~ 40~~~}-~~*=+=+=~ 

3O~+-+-4-4-~~-+-+~---l 

2O~+-+-4-4-~~-+-+~---l 

10 ~+-+-4-4-~~-+-+~---l 
OL-L-L-~~~~~~~ 

010203040508070801O~ 

DIE SlZE(SQ MILS. 1000) 

2. TEST CONDITIONS: 
Teat ambient 
Power ctss;pation: 
Test fixture: 

Acouracy: 

Stilioir 
I.OW 
Slgnatlca PCB 
(2.24" X 2.24" X 0.0521 
±15% 

~ 

10 

80 

70 

( : 
~40 

30 

20 

10 

o 

100 

10 

80 

70 

( : 
~40 

30 

20 

10 

o 

~ca19JA Data PLCC-441 

--
0102030405O8070801O~ 

DIE SIZE (SQ MILS. 1000) 

0'''''''' 

~19JA Data PLcc.&I3 

TAB BONDED 
I I I 

WIRE BONDED -
010203040508070801O~ 

DIESIZE(SQMILS .1000) 

3. TEST CONDITIONS: 
Test ambient 
Power~tion: 
Test fixture: 

Accuracy: 

Still air 
1.5W 
Signetics PCB 
(2.24" X 2.24" X 0.052') 
±15% 

Figure 11. Typical SMD Thermal (9JAl Characterlstlca 
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~lca18JC Data SO-81 

cciPPER LEADFRAME 

012345878910 

DIESIZE(SQMILS _1000) 

~caI8JC Data SOL·161 

........ 

o 

.......... COPPER LEADFRAME -

10 16 20 25 30 
DIE SlZE(SQ MILS _ 1000) 

~lcal8JC Data SOL.28 3 

--' ~ ~COPPER LEADFRAME-f-

o 5 10 16 20 25 30 35 «) 45 50 

DIESlZE(SQMILS -1000) 

~18JC Data S00141 
50 

45 

«) 

35 

i' 30 

~ 25 

",I}, 20 

15 

10 

o 

COPPER LEADFRAME 

012345878910 
DlESIZE(SQ MILS _ 1000) 

~lca18JC Data SOl.-202 
50 

45 

«) 

35 

~ : 
",I}, 20 

15 

10 

o 

NOTES: 

p.. 

o 

~PPER LEADFRAME-I----
10 16 20 25 30 

DIESIZE(SQMILS -1000) 

1. TEST CONDITIONS: 
Power dissipation: 
Test fixture: 
Accuracy: 

2. TEST CONDITIONS: 
Power dissipation: 
Test fixture: 
Accuracy: 

3. TEST CONDITIONS: 
Power dissipation: 
Test fixture: 
Accuracy:. 

O.5W 
"Infinite" heat sink 
t15% 

O.7W 
"Infinite" heat sink 
±15% 

1.0W 
"Inflnlte" heat sink 
tt5% 

50 

45 

«) 

35 

!'30 

~ 25 

",I}, 20 

16 

10 

o 

50 

45 

«) 

35 

~30 
~25 

20 

16 

10 

o 

Figure 12. Typical SMD Thermal (/lJc) Characterlatlca 
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'lWllca19JC Dati PLCC-20 1 
50 

41 

40 

• 
~ 30 

~ 215 

~20 
16 

10 

... 
...... 

I" -

00 & 10162021530.41415051110 

DIE SlZE(8Q MILS x 1000) 

1WI1ca19JC DatI p~2 
1iOr--r-rr-r-r-......,r-,......,..., 

41~r-r-+-+-+-+-+-+-~~ 

40 ~r-+-+-+-+-+-+-~~~ 

• ~r-+-+-+-+-+-+-~~~ 
~3OHH-+-+-+++-+-+-I 
~ 215 H--+-+-I-+-+-H--+--l 

~ 20 I-+-+-+-+-+-++++-l 
16ri-t~t-~~~~ 
101-t-t-t-t-I-I-HHH 

o 0'-1O.L-20.L-3O~4O~"'IiO.....LIiO.....L7II--:'IiO--:'80--:'1OO 
DlESIZE(8Q MILS x 10001 

NOTES: 
1. TEST CONDITIONSe 
Power dissipation: 
Test fixture: 
Accuracy: 

2. TEST CONDITIONSe 
Power dloslpatlon: 
Teat fixture: 
Accuracy: 

3. TEST CONDITIONSe 
Power dissipation: 
Test fixtLl'8: 
Accuracy: 

"""', .. 
0.75W 
'"Infinite'" heat sink 
>15% 

1.OW 
"Infinite" heat link 
>15% 

2.OW 
'"Infinite'" heat sink 
±15% 

10 

41 

40 

• 
~ : 
~20 

15 

10 

o 

1ftIIca19JC Dati PLCC-282 

r-... 
...... 

r-.. 

0&10152021530354141505&80 
DIE SIZE(8Q MILS x 10001 

1ftIIca19JC Dati PLcc-eaa 
1iO";';"r-...-'-;;-,......,.......,,.......,,.......,,.......,,......., 

41 HH-t--+--+-+-t--t--t--l 
4I1-1-1-t-t-HHHH-I 
asl-l-l-t-hHHHH-I 

~ 30 H-+-+-+-t-t-+-t-H 
~2I51-i1-+-+-+-+--+--+-+-+-I 
~ 2O~r-+-+-+-+-+-+-+-~~ 

16H-tT".....H-=i=:~=I==t 
101-1-1-1-I-HHHHH 

o 0~1O~20'-:-3O'-:-4O~1iO:'-"'1iO.....L7II-'1iO-'1O-'1OO 
DIE SIZE(8Q MILS x 1000) 

50 

41 

41 

as 
~ 30 

~ as 
~20 

15 

10 

o 

50 

41 

41 

as 

~: 
~20 

1& 

10 

Ii 

1ftIIca19JC Dati PLcc.t42 

r-- ,..... 

01020304050107111010100 
DIE SIZE (8Q MILS x 10001 

1WI1ca19JC Dati PLCC84a 

~BONDED 

wlRE l.o..IDED- I- -.j.:.;;; 
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Figure 13. Typical SMD Thennal (/lJC) Charactarlatlca 
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Effect of Device Stand·Off 
on SO 9JA 1 

88 

87 

88 

85 

~ 84 

~ 83 

J 82 

81 

80 

79 

78 

1---
-1--

3 5 6 7 6 9 ~ n ~ D M ~ 

DEVICE STAND-OFF (MILS) 

NOTES: 
1. TEST CONDITIONS 
Package type: 
Die size: 
Test Ambient: 
Power disslpation: 
Test fixture: 
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SOL·20 CLF 
11,322sq.mils 
Still-air 
0.75W 
Phillips PCB 
(1.56·· X 0.75"" X 0.059"") 

Effect of Board Size 
on SO 9JA 2 

210 

200 

~180 
~ 
.. ~ 180 

170 

180 

150 

\ 

01234567 

BOARD SIZE (SO IN) 

NOTES: 
2. TEST CONDITIONS 
Package type: 
Die size: 
Test Ambient 
Power dissipation: 

SOL·14 CLF 
5,040sq.rnils 
Stlll-air 
0.6W 

8 10 

OP02tCl18 

Test fixture: 0.062" thick PCB with 
"no traces" 8 - 9mil 
stand..aff 

Figure 14 

9·30 

Effect of Trace Length on 
28·Lead PLCC 9JA 3 

86 

80 

86 

i 80 

~ 7S 

J 70 

85 

80 

55 

\ 

r\ 

\ 
r--I'-

o 0.1 0.2 Q.3 OA 0.5 0.& 0.7 0.& 0.8 1.0 

AVERAGE TRACE LENGTH ~NCHES) 

NOTES: 
3. TEST CONDITIONS 
Package type: 
Die size: 
Test Ambient: 
Power dissipation: 
Test fixture: 

PLCC·28 CLF 
10,445sq.mlls 
Still-air 
1.0W 
Signetics PCB 
(2.24"" X 2.24·· X 0.062··) 
trace 27mil-wide loz sq.ft 
copper 
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SYSTEM CONSIDERATIONS 
With the increases In layout density resulting 
from surface mounting with much smaller 
packages, other factors become even more 
Important. THE USER IS IN CONTROL OF 
THESE FACTORS. 

One of the most obvious factors Is the 
substrate material on which the parts are 
mounted. Environmental constraints, cost 
considerations, and other factors come Into 
play when chOOSing a substrate. The choice 
Is expanding rapidly, from the standard glass 
epoxy PWB materials and ceramic substrates 
to flexible circuits, injection-molded plastics, 
and coated metels. Each of these has Its own 
thermal characteristics which must be consid
ered when choosing a substrate material. 

Studies have shown that the air gap between 
the bottom of the package and the substrate 
has an effect on 8JA. The larger the gap, the 
higher the 8JA• Using thermally conductive 
epoxies In this gap can slightly reduce the 
8JA. 

It has long been recognized thet external 
cooling can reduce the junction temperatures 
of devices by carrying hast away from both 
the devices and the board itself. Signetlcs 
has done several studies on the effects of 
external cooling on boards with SO pack
ages. The results are shown in Figures 15 
through 18. 

The designer should avoid close spacing of 
high power devices so that the hast load is 
spread over as large an area as possible. 
Locste components with a higher Junction 
temparature in the cooler locations on the 
PCBs. 

The number and size of traces on a PWB can 
affect 8JA since these metailines can act as 
radiators, carrying hest away from the pack
age and radiating It to the ambient Although 
the chips themselves use the same amount 
of energy in either a DIP or an SO package, 
the Increased density of a surface-mounted 
assembly concentrates the thermal energy 
into a smaller ares. 

It is evident thet nothing Is free in PWB layout 
More heat concentrated into a smaller area 
makes it incumbent on the system designer 
to provide for the removal of thermal energy 
from his system. 

Large conductor traces on the PCB conduct 
heat away from the package faster than small 
traces. Thermal vias from the mounting sur
face of the PCB to a large area ground plane 
In the PCB reduce the heat buildup at the 
package. 

In addition to the package's thermal consider
ations, thermal management requires one to 
at least be aware of potential problems 
caused by mismatch in thermal expansion. 

February 1987 

110 

~~- -I-

V-.AIII'~ t::::V 
~~/ n 

10 

o 
01.a •• I'I.10 

DE lIZ!! (IQ IlLS .10DD) 

Figure 15. Results of Air Flow on 8JA 
on 80-14 With Copper Lesdframe 
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Figure 17. Results of Air Flow on 8JA 

on 80-18 With COpper Lesdfrerne 

The very nature of the SMD assembly, whera 
the devices are soldered directly onto the 
surface, not through It, results In a very rigid 
structure. If the substrate material exhibits a 
different thermal coafficient of expansion 
(TCE) then the IC package, stresses can be 
set up in the solder joints when they are 
subjected to temparature cycling (and during 
the soldering process Itself) that may Ulti
mately result in failure. 

Because some of the boards assembled will 
require the use of Leadless Ceramic Chip 
Carriers (LCCCs), TCE must be understood. 
As will be seen below, TCE is less of a 
problem with the commercial SMD packages 
with leads. 

Take the example of a leadlass ceramic chip 
carrier with a TCE of about 8 X 10 - 8 fOC 
soldered to a conventional glass-epoxy lami
nate with a TCE in the region of 18 X 10 - 8, 
·C. This thermal expansion mismatch has 
been shown to fracture the' solder joints 
during thermal cycling. Substrate materials 
with matched TCEs should be evaluated for 
these SMD assemblies to avoid problema 
caused by thermal expansion mismatch. 

9·31 

10 

o 

v ::.,~ 
-~1!,- j-

o a • • u q • ~ M U H 
DE lID (8Q 1ILS.1DOD) 

""""". 
Figure 18. Results of Air Flow on 8JA 

on 801.-18 WIth Copper Leadframe 
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Figure 18. Results of Air Flow on 8JA 
on 801.-20 With Copper Leadfreme 

The stress level essociated with thermal ex
pansion and contraction of small SMDs such 
es capacitors and resistors, where the actual 
change in length is small, is normally rather 
low. However, as component sizes increase, 
stresses can increase substantially. 

Thermal expansion mismatch is unlikely to 
cause too many problems in systems operat
Ing In benign environments; but, in harsher 
conditions, such es thermal cycling In military 
or avionic applications, the mechanical 
stresses set up in solder joints due to the 
different TCEs of the substrate and the com
ponent are likely to cause failure. 

The basic problem Is outlined in Figure 19. 
The leadlass SMD is soldered to the sub
strate as shown, resulting in a very rigid 
structure. If the substrate material exhibits a 
differant TCE from that of the SMD material. 
the amount of expansion for each will differ 
for any given increase In temperature. The 
soldered joint will have to accommodate this 
difference, and failure can ultimately result. 
The larger the component size, the higher the 
stress levels so that this phenomenon is at Its 

• 
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most critical in applications requiring large 
LCCCe with high pin counts. 

~ 
j 

SMD 

SUIlSrRATE 

..... , .. 
NOTE: 
Data provided by N.V. PhHlpo 

Figure 19. The BasIc Problem of 
Thermal Expansion Mismatch Is That 
the Substrate and Component May 

Each Have Different Thermal 
Coefficients of Expansion 

To address this problem, three basic solu
tions are emerging. First, the use of leadless 
ceramic chip carriers can sometimes be 
avoided by using leaded devices; the leads 
can flex and absorb the stress. Second, when 
this solution Is not feasible, the stresses can 
be taken up by inserting a compliant elasto
merlc layer between the ceramic package 
and the epoxy glass substrate. Third, TCE 
values of component and substrate can be 
matched. 

USING LEADED DEVICES 
(SO, SOL, and PLCC) 
The current evolution in commercial electron
Ics Includes the adoption of the commercial 
SMO packages, I.e., SO with gull-wing leads 
or the PLCC with rolled-under J-Ieads, rely on 
the compliance of the leads themselves to 
avoid any serious problems of thermal expan
sion mismatch. At elevated temperatures, the 
leads flex slightly and absorb most of the 
mechanical stress resulting from the thermal 
expansion differentials. 

Similarly, leaded holders can be used with 
LCCCa to attach them to the substrate and 
thus absorb the stress. 

Unfortunately, using a lead does not always 
ensure sufficient compliancy. The material 
from which the lead Is made, and the way it is 
formed and soldered can adversely affect it. 
For example, improper soldering techniques, 
which cause excess solder to over-fill the 
bend of the gull-wing lead of an SO, can 
significantly reduce the lead's compliancy. 

COMPLIANT LAYER 
This approach IntrodUces a compliant layer 
onto the Interface surface of the substrate to 
absorb some of the stresses. A' 50pm thick 
elastomerlc layer Is bonded ,to the laminate. 
To make contacts, carbon or metallic pow
ders are Introduced to form conductive 
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stripes In the nonconductlve elastomer mate
rial. Unfortunately, substrates using this tech
nique are substantially more expensive than 
standard uncoated boards. 

Another solution is to increase the complian
cy of the solder joint. This Is done by increas
ing the stand-off height between the under
side of the component and the substrate. To 
do this, a solder paste containing lead or 
ceramic spheres which do not melt when the 
surrounding solder reflows, thus keeping the 
component above the substrate, can be 
used. 

MATCHING TCE 
There are two ways to approach this solution. 
The TCE of the substrate laminate material 
can be matched to that of the LCCC either by 
replacing the glass fibers with fibers exhibiting 
a lower TCE (composites such as epoxy
Kevlar@or polyimide-Kevlar and polyimide
quartz), or by using low TCE metals (such as 
Invar@, Kovar, or molybdenum). 

This latter approach involves bonding a glass
polyimide or a glass-epoxy multilayer to the 
low TCE restraining core material. Typical of 
such materials are copper-Invar-copper, AI
loy-42, copper-molybdenum-copper, and cop
per-graphite. These restraining-core con
structions usually require that the laminate be 
bonded to both sides to form a balanced 
structure so that they will not warp or twist. 

This inevitably means an increase in weight, 
which has always been a negative factor in 
this approach. However, the SMO substrate 
can be smaller and the components more 
densely packed, in many cases overcoming 
the waight disadvantages. On the positive 
side, the material's high thermal conductivity 
helps to keep the components cool. More
over, copper-clad Invar lends itself readily to 
moisture-proof multi layering for the creation 
of ground and power planes and for providing 
good inherent EMI/RFI shielding. 

Kevlar is lighter and widely used for sub
strates in military applications; but, it suffers 
from a serious drawback which, although 
overcome to a cartain extent by careful atten
tion to detail, can cause problems. The mate
rial, when laminated, can absorb moisture 
and chemical processing fluids around the 
adges. Thermal conductivity, machinability, 
and cost are not as attractive as for copper
clad Invar. 

For the majority of commercial substrates, 
however, where the use of ceramic chip 
carriers In any quantity is the exception rather 
than the rule, and when adequate COOling Is 
available. the mismatch of TOEs poses little 
or no problem. For these substrates, tradition
al FR-4 glass-epoxy al'ld phenollc-paper will 
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no doubt remain the most widely-used mate
rials. 

Although FR-4 epoxy-glass has been the 
traditional material for plated-through profes
sional substrates, It is phenolic-paper lamI
nate (FR-2) which finds the widest use in 
consumer electronics. While it is the cheap
est material, it unfortunately has the lowest 
dimensional stability, rendering it unsuitable 
for the mounting of LCCCa. 

SUBSTRATE TYPES 
FR-4 glass-epoxy substrates are the most 
commonly used for commercial electronic 
circuits. They have the advantage of being 
cheap, machinable, and lightweight. Sub
strate size Is not limited. On the negative side, 
they have poor thermal conductivity and a 
high TCE, between 13 and 17 X 10 - 6rc. 
This means they are a poor match to ceremlc. 

Glass polyimide substrates have a similar 
TCE range to giaas-apoxy boards, but better 
thermal conductivity. They are, however, 
three to four times more expensive. 

Polyimlde Kevlar substrates have the advan
tage of being lightweight and not restricted in 
size. Conventional substrate processing 
methods can be used and its TCE (between 4 
and 8), matches that of ceramic. Its disadvan
tages are that it is expensive, difficult to drill, 
and is prone to resin mlcrocracking and water 
absorption. 

PoIyimlde quartz substretes have a TCE be
tween 6 and 12, making them a good match 
for LCCCs. They can be processed using 
conventional techniques, although drilling 
vias can be difficult. They have good dielec
tric properties and compare favorably with 
FR-4 for substrate size and weight 

Alumina (ceramic) substrates are used exten
sively for high-reliability military applications 
and thick-film hybrids. The waight, cost, limit
ed substrate size and inherent brittleness of 
alumina means that Its use as a substrate 
material Is limited to applications where these 
disadvantages are outweighed by the advan
tage of goOd thermal conductivity and a TCE 
that exactly matches that of LCCCs. A further 
limitation is that they require thick-film screen
ing processing. 

Copper-clad Invar substrates are the leading 
contenders for TCE control at present It can 
be tailored to provide a selected TCE by 
varying the copper-to-Invar ratio. figure 20 
shows the construction of a typical multilayer 
substrate employing two cores providing the 
power and ground planes. Plated-through 
holes provide an Integral board-to-board In
terconnection. The low TOE of the core 
dominates the TCE of the overall substrate, 
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making it possible to mount LCCCs with 
confidence. 

Because the TCE of copper is high. and that 
of Invar is low, the overall TCE of the sub
strate can be adjusted by varying the thick-

NOTE: 
Data provided by N.V. Philips 

ness of the copper layers. Figure 21 plots the 
TCE range of the copper-clad Invar as a 
function of copper thickness and shows the 
TCE range of each of several other materials 
to which the clad material can be matched. 

For example, if the TCE of Alumina is to be 
matched, then the core should have about 
46% thickness of copper. When this material 
is used as a thermal mounting plane, it also 
acts as a heatsink. 

Figure 20. Section Through a Typical Multilayer Substrate Incorporating Copper-Clad Invar Ground and 
Power Planes, Interconnected via Plated-Through Holes 
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Data provided by N.V. Philips 
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Figure 21. The TCE Range of Copper-Clad Invar as a Function of Copper Thickness 
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Table 1. Substrate Material Properties 

SUBSTRATE MATERIAL TCE (1cr'rc) 
Glass-epoxy (FR-4) 13-17 

Glass polytmlde 12-16 

Polyimlde Kevlar 4-6 

Polyimlde quartz 6-12 

Copper-clad Invar 6.4 (typical) 

Alumina 5-7 

Compliant layer See Notes 
Substrate 

NOTES: 
Compliant layer conforms to TOE of the LCCC and to base substrate material. 
Data provided by N.V. Philips 
KEVLAR<!> Is a registered trademark of DU PONT. 
INVAR@ Is a registered trademark of TEXAS INSTRUMENTS. 

THERMAL CONDUCTIVITY (W/m3K) 

0.15 

0.35 

0.12 

TBD 

165 (lateral) 
16 (transverse) 

21 

0.15-0.3 

CONCLUSION Isties of both the devices and the systems ization. However, conSideration of all the 
Thermal management remains a major con- they are used in mandatory. The SMD pack- variables affecting Ie junction temperatures 
cem of producers and users of ICs. The age, being smaller, does have a higher 8JA will allow the user to take maximum advan-
advent of SMD technology has made a thor- than its standard DIP counterpart ... even tege of the benefits derived from use of this 
ough understanding of the thermal character- with copper leadframes. That is the major technology. 

trade-off one accepts for package miniatur-
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INTRODUCTION 
The following information applies to all pack
ages unless otherwise specified on individual 
package outline drawings. 

GENERAL 
1. Dimensions shown are metric units (milli

meters), except those in parentheses 
which are English units (inches). 

2. Lead spacing shall be measured within 
this zone. 
a. Shoulder and lead tip dimensions are 

to centertlne of leads. 

3. Tolerances non-cumulative. 

4. Thermal resistance values are deter
mined by utilizing the linear temperature 
dependence of the forward voltage drop 
across / the substrate diode in a digital 
device to monitor the junction tempera
ture rise during known power application 
across Vee and ground. The values are 
based upon 120mils square die for plastic 
packages and a 90mils square die in the 
smallest available cavity for hermetic 
packages. All units were solder-mounted 
to PC boards, with standard stand-off, for 
measurement. 
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Package Outlines 
For Prefixes ADC, AM, CA, 
DAC, LF, LM, MC, NE, SA, SE, 
SG, J,JA, ULN 

PLASTIC ONLY 
5. Lead material: Alloy 42 (Nickeiliron Al

loy), Olin 194 (Copper Alloy), or equiva
lents, solder-dlpped. 

6. Body material: Plastic (Epoxy) 

7. Round hole in top comer denotes lead 
No.1. 

8. Body dimensions do not include molding 
flash. 

9. SO packages/microminiature packages: 
a. Lead material: Alloy-42. 
b. Body material: Plastic (Epoxy). 

HERMETIC ONLY 
10. Lead material 

a. ASTM alloy F-15 (KOVAR) or equiva
lent - gold-plated, tin-plated, or sold
er-dipped. 

b. ASTM alloy F-30 (Alloy 42) or equiva
lent - tin-plated, gold-plated or SOld
er-dipped. 

c. ASTM alloy F-15 (KOVAR) or equiva
lent - gold-plated. 
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11. Body Material 
a. Eyelet, ASTM alloy F·15 or equiva-

lent - gold- or tin-plated, glass body. 
b. CeramiC with glass seal at leads. 
c. BeO ceramic with glass seal at leads. 
d. Ceramic with ASTM alloy F-30 or 

equivalent 

12. Lid Material 
a. Nickel- or tin-plated nickel, weld seal. 
b. Ceramic, glass seal. 
c. ASTM alloy F-15 or equivalent, 

gold-plated, alloy seal. 
d. BeO ceramic with gless seal. 

13. Signetlcs symbol, angle cut, or lead tab 
denotes Lead No.1. 

14. Recommended minimum offset before 
lead bend. 

15. Maximum glass climb 0.010 inches. 

16. Maximum glass climb or lid skew is 0.010 
Inches. 

17. Typical four places. 

18. Dimension also applies to seating plane. 

I 
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For Prefixes ADC, AM, CA, DAC, LF, LM, 
MC, NE, .SA, SE, SG, JJA.. ULN 

PLAmc PACKAGES 

Package Outlines 

DESCRIPTlON PACKAGE CODE 1J,JAllJoIC rC/W) PACKAGE TYPE 

Standard Dual-ln-Une Packagtt8 

8·Pin N 99/50 
14-Pln N 88/48 
16-Pln N 83/42 
18·Pln N 83/29 
2O·Pin N 81/24 
22·Pin N 51/23 
24-Pin N 52/23 
26-Pln N 52/23 

Metal Heaclers 

4-Pin E 100/20 
4-Pln E 150/25 
6-Pin H 150/25 

10-Pln H 150/25 
10-Pin H 150/25 

CerdIp Family 

6-Pin FE 110/30 
14-Pln F 110/30 
16-Pin F 100/30 
16-Pin F 93/27 
2O-Pin F 90/25 
22·Pin F 75/27 
24-Pin F 80/28 
26-Pln F 57/27 

laminated Ceramic, Slde-Brazed l8IICI 

18·Pin I 90/25 

so Package Thermal Data 

PACKAGE 
PACKAGE MAX. ALLOWABLE 
MOUNTING 

TYPE TECHNIQUE· 

50-14 PCB 
Ceramic 
Ceramic w/H.S. 

50-18 PCB 
Ceramic 
Ceramic w/H.S. 

5O-16L PCB 
Ceramic 
Ceramic w/H.S. 

50-20 PCB 
Ceramic 
Ceramic w/H.S. 

50-24 PCB 
Ceramic 
Ceramic w/H.S. 

PCB - Printed circuit board 
Ceramic - CeramIc aub8Irate 

POWER Diss. 
(mW) AT 25°C 

858 
952 

1471 

852 
1250 
1923 

1250 
1743 
2500 

1471 
2273 
3572 

1583 
2000 
4167 

Ceramic w/H.S. - CeramIc substrate with heat sink and/or Thermal compound 
• Air gap Is 0.006 Inch .. unlaas thermal compound 18 uaad 
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T0-118/M0-001 
M0-001 

M0-015 
M0-015 

T0-48 Header 
T0-72 Header 
TOoS Header 
T0-51T0-100 Header. Short Can 
T0-51T0-100 Header. Tall Can 

DuaJ-In-Une Ceramic 
DuaI·ln·Une Ceramic 
DuaI·ln·Une Ceramic 
DuaI·in-Line Ceramic 
DuaI·in-Une Ceramic 
Dua!-In·Une Ceramic 
DuaI·in-Une Ceramic 
Dual-ln-Une Ceramic 

DIP Laminate 

MAX. ALLOWABLE THERMAL RESISTANCE 

POWER Diss. (IJ,JA °C/WATT) 

(mW) AT 70°C Average MaxImum 

421 190 225 
815 130 185 
941 85 110 

551 145 170 
800 100 125 

1231 85 85 

800 100 140 
1143 70 100 
1600 50 65 

941 85 115 
1454 55 85 
2288 35 55 

1000 80 110 
1800 50 80 
2887 30 50 
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For Prefixes ADC, AM, CA, DAC, LF, LM, 
MC, NE, SA, SE, SG, pA, ULN 

Package Outlines 

8-PIN PLASTIC SO (D PACKAGE) 

T 
.10 ~004) 

953-0174 89070 

D~ .10 ~004) 

~+---+1.27 (.050) esc 

(.CIII1 • .IJ08) 
Ui5*.20 

:: :!::: -1+1 TIE ID~I .25(.010) 9 I 

14·PIN PLASnC SO (D PACKAGE) 

.10 .D04 

T 

.10~) 

:: :!:: -1+1 TIE I D~I ..25 (.010) 9 I 
853-0175 66068 
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-1. Package dlmonstono conform to JEOEC apecIflca1Ion 
MS-OI2·M for standard omall outline (SO) package, 8 
lead .. 3.75mm ~ 150") body width (laue A, Juno 1985). 

2. Controlling dlmanalona are In mm. Inch dlmonalona In 
paren1h ..... 

3. IlImonalono end toIarancIng per ANSI YI4.5M·I982. 
4. "T", "0" end "E" ora referenee doIumo on tho molded 

body end do not Include mold ftaoh or proIruaIono. Mold 
fIa8h or protruoIono ohaIl not _ .15mm (.008") on 
any aide. 

5. Pin numbero atart with pin #1 end con1Inue 
counterdockwloe to pin #8 when viewed from top. 

8. Slgnotlcs oruo~ng code for a product packagad In a 
plaotic email outUne (SO) package 18 tho suffix 0 alter 
tho product number. 

.50 (.020)_ 

r:2iTo1O) 

..25 (.010) (.D07 • .003) 

.19 (.007) .180 • .07 

NDTE8; 
1. Package dimensions conform to JEDEC opecttIcation 

MS-OI2·AB for 01andanI email ouUino (SO) package, 14 
Ieado, 3.75mm (.150") body width (laue A, Juno lQ85). 

2. COntrolling dimensions are In mm. Inch dlmenstone In 
parentho .... 

3. IlImonoions and tolenlnc:ing per ANSI YI4.5M· 1982. 
4. "T", "0" and "E" are referenco datums on tho melded 

body end do not Include mold tIaoh or protrusions. Mold 
fIa8h 01 protruoIons oI!alJ not _ .15mm (.006") on 
any_. 

5. PIn numb ... atart with pin #1 and oonIInua 
counterdockwloe fo pin #14 when viewed from top. 

6. Slgnetlco ordering code for a pnoduct packaged In a 
plastic small outllno (SO) package Is tho suffix 0 after 
tho product number • 

. 50 (.020) x45" r:2iTo1O) 

.25 (.010) (.D07 • .D03) 

~ .180*.lJ7 
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16-PIN PLASTIC SO (D PACKAGE) 

f 
.10~) 

853-0005 88068 

ro(il.10 ~004) ~ 

~ ~ ... ITIElo(ilI.26 (.010) 9 I 
.35 (.014) 

16-PIN PLASTIC SOL (D PACKAGE) 

~ 
10.85 (.419) 

~ 
I 

7NJ UN) 

~ 
I 

m 
iilE(J! .26 ~010) & I 

I 

E-Q:o-=\---j--- 10.110 (.413) 
10.10 UII8) 

863-017181218 
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Package· Outlines 

IlO1'l8: 
1 ........ dllIItn8Ion8 conform to JEDEC apedflcaIion 

MS-Ol2-AC tar .- amaII outline (SO) packago. 16 
_. a.7!5mm (.160") body _ (iI8ue A, June 1986). 

~. =::.. _. 1/8 In mm. Inch 11_ In 

a. ~ and toIarancIng par ANSI Y14.11M- 19112. 
4. ""'. "0" and "E" 1/8 ralarence dalume on tho _ 

body and do not _ mold ftaoh or protruoIono. Mold 
..... or pnJIruoIono IIhaII not _ .11imm (.006") on ony-

6. PIn . ...- liar! with pin #1 and continue 
__ to pin #18 -. viewed from top. 

8. SIgnaIIco ordering code tar • product paokagod In • 
pia8IIc _I outtIno (SO) package 18 tho ouffIx 0 _ 
tho product ...-. 

-1 ........ llmen0ian8 conform to JEDEC apedflcaIion 
Ms.ol:J.AA tar .-_I OU1IIne (SO) package, 18 
-. 7.6Omm (.aoo") body _ 0 ..... A. June 1985). 

2. ComoI1Ing _ are In mm. Inch _ In 
.,.,...,u.- . 

3. DImon8Iono and tDIerancIng par ANSI Y14.5M-19112. 
4. ""'. "0" and "E" .,.. ..- dalumo on tho ...

body and do not _ mold ftaoh or protruoIono. Mold 
..... or pnJIruoIona _ not _ ;15mm (.006") on ony-

6. PIn number8 IIIrI with pin #1 and contIooe 
counl8rClockwl .. to pin #18 -. viewed from top. 

8. SIgneIIco ardorIng code for a product paokagod In a 
pioaUc amaI outline (SO) paciuIge Is tho ouftIx 0 _ 
tho product number. 

.:12 (.013) 

.23 (.aGI) 

.110 (.020) r~xw 

.30 (.CIt!) 

:1o(:Qii4i 

,,,,'.418 



Slgnetlcs Unear Products 

For Prefixes ADC, AM, CA, DAC, LF, LM, 
MC, NE, SA, SE, SG, JAA, ULN 

2G-PIN PLASTIC SOL (D PACKAGE) 

I 
~ 
7.40 (.2II1~ 

I 
m 
I 

853-0172 81219 

IIID@I.lo (.OO:!) I 

24-PIN PLASTIC SOL (D PACKAGE) 

D~ .10 (.004) 

I 
7.80 (.2M) 

t 
2.85 (.104) 

2.ii(.Oi3i 

IT 
10.85 (.419) 

10.26(_) 

'~' 1r--------------------------41 
!tIE ~1·25 (.010) ® 1 

2.86 (.104) 

2.ii(.Oi3i 

853-0173 81220 

February 1987 9-39 

Package Outlines 

NOTEIk 
1. Package dlmaneionll conform to JEOEC specification 

M8.()13-AC for s1andard small outline (SO) package, 20 
lead .. 7.50mm (.300") body wldih (Iaauo A, June 1985). 

2. Conb'otlng d1menelone are In mm. Inch dmaneione In 
poron1h ..... 

3. Dlmaneionll and toloranclng per ANSI YI4.5M·I982. 
4. "T", "0" and "E" .,. roIoronco datum. on 1110 molded 

body and do not Include mold tIaoh or proIruoIon.. Maid 
1Iaah or pr01ruoIon8 ahal! nol excood .15mm (.008") on 
any aldo. 

6. Pin numb0t8 s1ar1 wI1h pin # 1 and continuo 
oounIefctockwiao to pin #20 whon viewed from fOp. 

8. Signotica ordering oodo for a producl packaged In a 
pIaaIIc small outIIna (SO) package fa 1110 ouffIx 0 _ 
1110 producl number. 

.32 (.013) 

.23 (.009) 

NOTEIk 

.75 (.030) 
---)(45 • 
. 50 (.020) 

.80 (.012) 
:;o(.Oii4i 

I. Package elm_ana oonlorm to JEOEC specification 
MS.CJ13·AO for standard small outline (SO) pecI<ago. 24 
1-. 7.60mm (.300") body wIdIh (Iaoue A, Juno 1985). 

2. Contro~ng _no .,. In mm. Inch dimonstona In 
parentheses. 

3. OlmanBlons and lOIorancing per ANSI YI4.5M·I982. 
4. "T", "0" and "E" are reference datums on the molded 

body and do not Include mold 1Iaah or prolru8lona. Mold 
flaah or pr01ruoIon8 ohaIl n01 excood .15mm (.008") on 
any_. 

5. Pin numbora s1ar1 wI1h pin #1 and oontinuo 
counterclockwise to pin #24 when viewed from top. 

6. Slgnotlca ordering oodo for a product packaged in a 
plaatic small outOno (SO) pacf<ago is 1110 suffix 0 after 
the product number . 

.32 (.013), 

.23 (.009) 

• 75 (.080) )(45 • 
. 50 (.020) 

.80 ,012) 

.10 (.004) 

I 



Signetics Linear Products 

For Prefixes ADC, AM, CA, DAC, LF, LM, 
Me, NE, SA, SE, SG, #lA, ULN 

28-PIN PLASTIC SOL (D PACKAGE) 

11 
Io.es (.418) 

~ 
I+IE@)I.26 (.010) @ I 

-0-

2.85 (.104) 

2:3i"(.Oi3i 
! 

853-000II 81217 

4·PIN HERMETIC To-72 HEADER (E PACKAGE) 

February 1987 9-40 

Package Outlines 

NOTES: 
I. Package dillonolono conform 10 JEDEC specIIIcaIIon 

MS-OI3-AE lor _ small outline (SO) pacI<ago, 28 
lead .. 7.50mm (.300") body wIdIh (Iaaue A, June 1885). 

2. ConIroIIIng dlmonsIono are In non. Inch dlmonaIono In --3. IlImor-.a and loIorancing 1* ANSI YI4.6M-I982. 
4. "T", "0" and "E" are _ daIuma on \he molded 

body and do not Include mold fIa&h or ~. Mold 
_ or pro1rUIIiono ohaIl not _ .15 ... (.006") on 
any old .. 

5. Pin ... -. start wIIh pin #1 and continue 
coun\8rClockwlao 10 pin #28 when _ from lop. 

8. SIgnaIIca ordering code lor a product packaged In a 
plasIIc email outIIna (SO) package 18 \he ouIIIx 0 aIIar 
\he product number. 

r·75 (.oao) lI450 

.50 (.G2O) 

~ 
.10 (.004) 

""""IS 



Signetics Unear Products 

For Prefixes ADC, AM, CA, DAC, LF, LM, 
MC, NE, SA, SE, SG, p.A, ULN 

a·PIN CERDIP (FE PACKAGE) 

~ 
• 0lI0 (.78) 

1----+--.100 (2.54) sse 

JL.oaa (·II8)~TIEID!!!.010 (.254) 
.015 (.38) 

863-0580 81584 

14-PIN CERDIP (F PACKAGE) 

."0 (2.791 

:o5OiWi 

853-0681 8'584 

February 1987 9-41 

Package Outlines 

NOTES: 
1. Controlling <1018..-: inches. Millim-. are shown In 

parenth ..... 
2. D1monaion. and tolerancing per ANSI Y14.5M - 1982. 
3. "T", "0", and "E" are reference datums on the body 

and Include allowance tor glass overrun and meniscus on 
tho aaaI line, and lid to base mlBlll8lch. 

4. These dimensions measured with the leads con.trained 
to be perpendicular to plana T. 

5. Pin numbers start with pin #1 and continue 
counterclockwise to pin #8 when viewed from the top. 

NOTES: 
1. ControIDng dimension: inches. MIlIfmetars are shown In 

pe" .. the .... 
2. D1manalona and toIorancing per ANSI YI4.5M - 1982. 
3. "l" I "0". and "E" are reference datums on the body 

and include allowance for gl888 overrun and meniscus on 
\he seal Una, and lid to base mlematoh. 

4. These dimensions measured with the leads constrained 
to be perpendicular to plena T. 

5. Pin numbers start with pin #1 and continue 
counterclockwise to pin #14 when viewed from the top . 

. 920 (8.'31 

''''.(7.37) ~ (NOTE 4) 
, ' 

: : 

~ , ~ 
I .:dI!9.82) ~. -! (NOiE 4) I-
'::'(bO~ I 



Slgnef1cs Unear Products 

For Prefixes ADC. AM. CA, DAC. LF. LM. 
MC. NE. SA, SEt SG. #lA. ULN 

16-PIN CERDIP (F PACKAGE) 

Package Outlines 

IIOTElt 
1. Controlling _ 1_. MlU_ 0J8 IIIIown In --. 
2. DirnonIIono and 1DIarancIng per ANSI Y14.5M - 11182. 
3. "T', "0", and "E" 0J8 _ datums on 1he body 

ond 1 ___ lor glOM ovonun and ...- on 
1he _ line, ond Mel to __ 

4. n..e -.. _ with 1he __ ned 
to be ___ to plane T. 

5. PIn numbonI IIIrI with pin #1 ond ......... __ 10 pin #18 __ from 1he top. 

853.Q582 81594 _ 

16-PIN CERDIP (F PACKAGE) 

853.Q582 81594 

February 1987 9-42 

IIOTElt 
1. ~ng _ 1_ MIII_ 0J8 IIIIown In 

par...-, . 
2. 1lI....-.. and _n; per ANSI YI4.5M - 1982. 
3. "T', "0", and "E" are __ on Iho body 

and Include 01_ lor ;1000 IMIIIUn ond menleoua on Iho_llne,andMel to __ 
4. n-_. _ with Iho 1_ conotraIned 

to be __ lor 10 plane T. 

5. PIn ... -. IIIrI with pin #1 and ......... ... _ 10 pin #18 __ from Iho top. 



Signetics Linear Products 

For Prefixes ADC, AM, CA, DAC, LF, LM, 
MC, NE, SA, SE, SG, pA, ULN 

20-PIN CERDIP (F PACKAGE) 

1--.078 (1.98) I .012 (.30) 1 r .078 (1.98) 

.012 (.30) 

~-~~~~~~~~~ 

JL.023 (.58)---j$I TIE IO@l.D10 (.254) 
.015 (.38) 

653·0584 81594 

22-PIN CERDIP (F PACKAGE) 

. 3OE (7.77) 

i!lil 

1 r'='::.: 
,--~~L...::w::.::>.~~~1 

JL.023 (.58)-i$lTIElo®I.Q10 (.254) 
.015 (.38) 

853-0585 81594 

February 1987 

.399 (10.14) 

9-43 

Package Outlines 

NOTES: 
1. Controlling dimension: inches. Millimeters are shown in 

parentheses. 
2. Dimensions and tolerancing per ANSI Y14.SM - 1982. 
3. "T", "0", and liE" are reference datums on the body 

and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 

4. These dimensions measured with the leads constrained 
to be perpendicular to plane T . 

5. Pin numbers start with pin #1 and continue 
counterclockwise to pin #20 when viewed from the top. 

NOTES: 
1. Controlling dimension: inches. Millimeters are shown in 

parentheses. 
2. Dimensions and tolerancing per ANSI Y14.5M - 1982. 
3. "T", "0", and "E" are reference datums on the body 

and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 

4. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

5. Pin numbers start with pin # 1 and continue 
counterclockwise to pin #22 when viewed from the top. 

I 



Signetics Unear Products 

For Prefixes ADC, AM, CA, DAC, LF, LM, 
MC, NE, SA, SE, SG, pA, ULN 

24-PIN CERDIP (F PACKAGE) 

.098 .(2.48) 

~ 

~L"00(2~'54)asc r~~1 
.D.J--+-----~__1 

1.240 (31.50) 
070 (1 7B) - 1--'-' -'-

.050 (1.27) 

.09B (2048) 

.040 (1.02) 

• 588 15.18) 

.514 r.08) 

----. 
ITJ--l 

l~ H 
R l~l 

.225 (5.72) MAX. 

~ u PLANE 

J 
U 

.023 (.58) 

.015 (.38) --!E9! T 1 E ID ®I.ol0 (.254) 

853-0588 84221 

2S-PIN CERDIP (F PACKAGE) 

jL.,~ 
.o.t--i----- := 

.070(1.78/ 
:oiii(U7i 

February 1987 

.'65llt'~ -3.1 

9\ 

9-44 

.175 (4.45) 

:i45(i6ii 

Package Outlines 

NOTES. 
1. Con1roI)1ng dimension: I"""" .. Mill_ are shown In 

parenthe_ 
2. Dirnonelons and toIerancIng per ANSI V14.5M - 1882. 
3. "r', "0", and "E" are reference datums on the body 

and Include _co for glass ovemI'I and menlacua on 
the _ Ans. and lid to base rnlematch. 

4. 111 ... dlmenoions meuured with the leeds _ned 
to be perpendicular to plene T . 

5. Pin n ... banI star1 with pin #1 and continue 
oou_se to pin #24 when viewed from the top. 

.820 (15.75) 

.580 (14.89) 
(NDTE 4) 

H 

~ 
.BOOBf,5.24)~ (NOTE 4) 

.885 (17.65) 

.500 (15.25) 

-1. Controlling dlmenoion: __ MIU_ are shown in 
perenth ..... 

2. Dlmenelons and tolBl8llcing per ANSI V14.aM - 1882. 
3. "T", "D", and "E" are reference datums on the body 

and include allowance for glass overrun and meniscus on 
the _ line. and lid to base mismatch. 

4. 111 ... dlmenoions meeaured wlth the leeds constrained 
to be p8IP<H1_ to plane T. 

5. Pin numbenl star1 with pin #1 and continuo 
oountorcl_ to pin #28 when viewed from tho lop. 

6. Denotes window location for EPROM Products. 



Signetics Linear Products 

For Prefixes ADC, AM, CA. DAC, LF, LM, 
MC, NE, SA, SE, SG, pA, ULN 

20·PIN PGA (G PACKAGE) 

IL::::1YP. 
L.aao(l.'41 _ 

.... (1.78) 

853-0063 82276 

1-..... :: :':: 
(8 CORNERS) 

l ~1YP·-JL J .... (,11) 

~ .CII5(2.1I)TVP. 
.... ~.IO) .... ~.IO) 

.015 (,SB) ..... 
(4 CCIINER8) 

8-PIN HERMETIC TQ-S HEADER (H PACKAGE) 

February 1987 9·45 

Package Outlines 

NOTES: 
1. Package dlmonslons conform to MIJ.M-38510. outline NO. 

C - 2. 20 _ square coromlc loodloss chip carrier. 
2. Controlling dimension: Inches. millimeters are shown in 

parenthesis. 
3. Dimension and toIorancing per ANSI Y14.5M - 1982. 
4. This dimension representa the minimum spacing between 

the corner contact pads. These comer pads may have 8 
.020 inch by 45 degree maximum chamfer to accomplish 
the .015 minimum spacing. 

5. Pin nurmers start with pin #1 and continue 
counterclockwise to pin #20 when viewed from the top. 

6. Signotlcs ardor code for product packaged in a CCCL is 
the SuffIX "G" after the product number. 

I 



Signetics linear Products 

For Prefixes ADC, AM, CA, DAC, LF, LM, 
MC, NE, SA, SE, SG, /JA, ULN 

10-PIN HERMETIC To-5/100 HEADER SHORT CAN (H PACKAGE) 

10-PIN HERMETIC To-5/100 HEADER TALL CAN (H PACKAGE) 

February 1987 

I~DI"I 
T 
~~~:=;~rn~~~I 

14.28 1.562) 
12.70 (.5001 

9-46 

Package Outlines 



Signetlcs Uneor Products 

For Prefixes ADC. AM, CA, DAC. LF, LM. 
MC. NE. SA. SEt SG. pA. ULN 

Package Outlines 

16·PIN HERMETIC SDIP (I PACKAGE) 

8-PIN PLASTIC PDIP (N PACKAGE) 

863-0404 81230 

February 1887 

COANER 
LEAD 
OPTION 
(4 PlACES) 

.138 (3.51) 

:tiO(iOii 

~ 41tIED!Ii 010 (26) II 
.017 (AS) 

!1!.!:!!!! 
1.2.1 .... ' 

1.111.3101 

0.3. 1 •• '21 
_~_.o.20I._ 

\ ,1.741.344' I 
7.111._ 

110'II1II 
1.~Ing ___ ... _!n --. 2. PacIcIgo __ -.. to JEDEC opaoiIIca!Ion 
~1-A111or _ dull In.IIne (DIP) jIIICI<IIge .300 
Inch lOW -"'II (PlASTIC) 8 loads (ioIue B. 7185) 

a. _ one! to!erIIICIng per ANS' V14. 5M·I882. 
4. "1", "D" ond "E" .. _ datu .. an !he molded 

body one! do not Inc!udo mold _ or proINI!ons. Mold 
_ or ~ .... not _ .010 Inch (.2Ilmm) 

an 1I1Y-. 5. ____ tlle�oado_nod 

to be porpencI!cullr to pIIne T. 
8. PIn _ IIIBrI _ pin #1 ond continue 
__ CD pin #8 wilen _ from tile tap. 

,038 (.18) " 

.oao ~I:J;) I8C 
.IOG(7.11!) 
(NOTE I) 

~ '-(10.lil) 
.010 (.211) .lOG (7.11) 

9-47 

.... ,. 

I 



Signetlcs Linear Products 

For Prefixes ADC. AM, CA, DAC, LF, LM, 
MC, NE, SA~ SE,'SG, pA, ULN 

14-PIN PLASTIC DIP (N PACKAGE) 

• 100 (2.54) BSC 

~,,","""_+__ .767 (18.23) 

'" .748 (18.86) 
.o84(IA13) 
:o4i(1.14) 

il 

Package Outlines 

NO'IU: 
1. ControIIng __ . Metric are .-. In 

por8IIIheeoo. 
2. Pacf<ago _ conIonn 10 JEDEC opecItIcalian 
M~I·AC lor _ dual In-lne (DIP) package .300 
Inch row opocIng (pLASTIC) 14 _a (IoIue B. 7186) 

8. DImen8Ion8 and IoIerancIng per ANSi Y14. 1iM-1882. 
4. "T", "0" and "E" are reference _a on the molded 

body and do not Include mold ftaoh or proIruBIons. Mold 
ftaoh at protruaIono _I not exceed .010 Inch (.26mm) 
on any_. 

5. Thaoe lI_na ...... red _ the leada _ 
10 be perpenclcular 10 plane T. 

8. PIn numb0r8 BIart _ pin #1 and oontInuo 
COUnterdockwill 10 pin #14 whon _from the lop • 

~ 
.800(7.82) 
(NOTE 5) 

.138 (3.61) 

.120 (3.0&) 

..fiITlelXlll.o10 C25) II 

.015 (.88) II 

.020 (':g5) 

~ . 
.0.0 (.25) 

BSC ~i .800(7.82) 
(NOTE 5) 

_ ('0.08) 

~ 
8S3-0405 81231 

16·PIN PLASTIC DIP (N PACKAGE) 

D 

~~rr.TT~~~~~~ ~:: 
.100 2.64 (BSC)]' ---1 

• 767 (18.23) 

~ CORNER 

IIOTEIII 
1. ConIroIIIng dIman&Ion: Inches. MetrIc are _ In pare_. 
2. Pacf<ago eII..- conIonn 10 JEDEC specIflcadon 
M~I·M lor _ clIalln-llno (DIP) package.3OO 
Inch row apaclng (PLABTlC) 18 Iooda (IoIue B. 7(86) 

8. DlmonsIonB end 1oIorancIng per ANSI Y14. 5M·1D82. 
4. "T", "0" end "E" are reference daiums on the molded 

body and do not Include mold fta8h or ~ .. Mold 
flash or protruaIono _I not exceed .0,0 Inch (.25mm) 
on any_. 

5. Thaoe dimensions moaaured _ the _ oon_ned 
10 be __ 10 plane T. 

8. Pin numboro BIart _ pin #1 and oontInuo 
_rCIOCkWIOe 10 pin #'8 whon _ from the lop . 

_(1.53) ~ 

~. (4 PlACES) 
I-~

.800(7.82) 
(NOTE 5) 

~ 
.120 (3.05) 

::: -fiiflEIXiI ,010 (OlD) II 

868-00408 81232 

February 1987 

.,25 (3.18) 
.115 (2.12) 

:1:Jl~') f 
.015 (.38) 

.0.0 (.26) 

9-48 



Slgnetlcs Unear Products 

For Prefixes ADC, AM, CA. DAC, LF, LM, 
MC, NE, SA, SE, SG, pA, ULN 

18-PIN PLASTIC DIP (N PACKAGE) -
r- .256 (8.48) 

L!IT-!-r-!"'T"T"T"T"TT'T""T'''I'''T'''I'''Tr.rI .2005(.22) 
PI I 

853-0407 81233 

~ -liIflEDIIiI 0010 t26! III 
.GI7 (.43) 

2O-PIN PLASTIC DIP (N PACKAGE) 

o .1 

:::: -liITIEDlII .010 L25! III 

853-0408 81234 

February 1987 

.138 (3051) 

.120 (3.05) 

.138 (3.51) 

,120 (3.05) 

9-49 

.125 (3,18) 

~ 

Package Outlines 

NOTEIk 
I. Controlling dlmonolon: Inches. MetrIc are ahown In 
p--. 

2. Package _. conIorm to JEOEC opecIfIcation 

M8-00I·AD lor 8Iandatd dull IrHlne (DIP) package .300 
Inch row apacIng (PI.AS11C) 18 leads (I88ue B. 7185) 

3. OlmenBiono and _ng per ANSI Y14. 5M·I982. 
4. "T", "0" and "E" are reference _ on 1he molded 

body and do not Include mold flUh or proIrualons. Mold 
flUh or pro1ru8ion. _I not exceed .010 Inch (.25rnm) 
on any_. 

5. These dlmenoIons rnaaoond _ 1he leads constrained 

to be ~Iar to plane T. 
8. Pin numbers start _ pOl #1 and oontiraIo 

oounterclockwlse to pin #18 whon viewed from 1he top, 

-~.300 (7.82) 
(NOTE 5) 

,035'(,88) ii 
.oao('~5) 

.015 (.38) 

.010 (.25) 

BSC 
.300 (7.82) 
(N01E 5) 

.38S (10.03) 

.300 ( 7.82) 

NOTEIk 
I. ConIrofIIng dlrnenoion: 1_ MetrIc are shown In 

paren1h ..... 
2. Package d_na oonlorm to JEDEC opec:If/ca1Ion 

M8-00I-AE lor _ duaf IrHIne (DIP) package .300 
Inch row apacIng (PI.AS11C) 20 lead. (1_ B. 7185) 

3. Dimen8lona and toIeroncIng per ANSI YI4. SMoI982. 
4. "r', "0" and "E" are _ daIumo on 1he molded 

body and do nol Include mold flaah or proIruBiono. Mold 
ftuh or proIruBiono .hall not exceed .010 Inch (.25nvn) 
on any_. 

5. Those dlmenBiono Il1888Uracf _ 1he leads oonstrained 
to be psrpond/cuta< to plano T. 

8. Pin numbars start _ pin #1 and oontinue 
counterclockwloe to pin #20 when viewed from 1he top . 

...-t :~: 
(N01E 5) 

.125 .18) l •• l 

:i1i2:i2i 

. 035 (.88) b 
'020('5~) 

.015 (.38) 

.010 (.25) 

BSC 
.300 (7.82) 
(N01E 5) 

.38S (10.03) 

.300 ( 7.82) 

• 



Signetics Unear Products 

For. Prefixes ADC, AM, CA, DAC, LF, LM, 
Me, NE, SA, SE, SG, pA, ULN 

Package Outlines 

22-PIN PLASTIC DIP (N PACKAGE) 

.004 . 

., 1 

.180 (4.83) 

~ 

~ 
.11!j) (3.05) 

...f+JT I elDCI 010 (.25) II 

853-0409 81235 

24-PIN PLASTIC DIP (N PACKAGE) 

I 
.55& (14.10) 

~ 

~~;;n;rtijiIJvrunJLrn~ 
W---- ":'_~_ V V V V r I 

U'O {Suo)---l 
_(1.8S) 

:o4i(1.i4i 

::: +tlE. 010lD 'I 

853-0412 81238 

N01'ES; 
1. ControIUng dImanoIon: _ Metric are ahown In ---2. PacI<ago dlmenoionB conIonn 10 JEOEC opacIftcaIIon 
~lo-AA lor atandard dual IrHIne (DIP) package .400 
Inch lOW opacIng (PlASTlC) 22 1_ (IHuo A. 7/85) 

3. DlmenoionB and IDInncIng pat ANSI YI4. 5M·I982. 
4. nT", "0" and "E" are reference datums on ..... molded 

body and do not Include mold _ or proIrUIIons. Mold 
_ or proIlUIIona IhaII not _ .010 Inch (..25mm) 
on any_ . 

. 5. Theae dimension. _red wI1h the 1 __ 

10 be _ndIcuIar 10 plane T. 
6. PIn numbera storI wI1h pin #1 and -. 

coun1Br<:I_ 10 pin #22 when .- from the top. 

.155 (3.84) 

:i4i"ii.iii 
+,.:.....---+.r--"T""' L.~r---\ 

(NOTE 5) 

.035~I(.8I=)=~iit\...-----'j~\ 
.020 ('=1') .400B~.,8) -I 

.015 ~38) Alia (12.57) 

.010(.25) ~ 

.1&15( .... ) 

~ 

.G45 (1.14) 

.0I0~1) 

"""",s 

N01Uo 
1. Controlling dImanoIon: Inch ... Molric are ahown In 

parentheass. 
2. Package dlmenllons conIonn 10 JEOEC ~ 
~11-AA lor atandard dual In-line (DIP) package .800 
Inch row opacIng (pLASTIC) 24 _ (I ..... B. 7/85) 

3. DImenoIons and toIerancIng per ANSI YI4. SM·I982. 
4. "T", "0" and "E" are reference datums on the molded 

body and do not Include mold flash or proiru8Iono. Mold 
_ or proIrullons shall not _ .010 Inch (.25mm) 

on any.sIds. 
5. Theae dimensions moasurad wI1h \he _ co_ned 

10 be perpendicular 10 plane T. 
6. Pin IMI1bero storI wI1h pin #1 and continue 

cou __ 10 pin #24 when .- from the lop. 

.825(15.88) 

.8OO(15.1!4)~ 
(NOTE 5) 

! 1--.800 (1&.14) 8SC~' 
(NOTE 5) 
_(17.85) 

.800 (15.24) 

"""''' 
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Signetics Unear Products 

For Prefixes ADC, AM, CA, DAC,' LF, LM, 
MC, NE, SA. SE, SG, pA. ULN 

Package Outlines 

28·PIN PLASTIC DIP (N PACKAGE) 

.• 00_,1IC 
!;lI;1--1-----:::: --------1 

_('AII) 

~ 

:!: .flli.maUl) ., 

85$04t 3 84098 

February 1987 

.... C· •. '" 
:i4i(;ii4i 

.• 1I1U41 

.. -
it 

NOlES: 
,. ControICIng dlmenllon: Inche.. Me1rtc are shown In 

parenthasos. 
2. PacIcage dlmenolon. conform to JEOEC __ 

M8-011-AB lor atandard dual Cn-Cine (DIP) package .800 
Inch row Ipacing (pLASTIC) 28 loadl (Issue B. 7185) 

3. Dlmenolons ond toIefancIng par ANSI Y'4. 5M·'982. 
4. ",..'. "0" ond "E" ore reference datums on tho molded 

body and do not InoCuda mold ftaoh or protnJaIons. Mold 
ftaah or protnJaIons aha/I not exceed .010 Inch (.25mm) 

6. = dI~nl measured with the ,_ oon_ned 
to be perpondtcular to plane T. 

8. Pin numbers start with pin #t and oonllnu. 
_ to pin #28 when viewed from the top . 

.... "1.711 

.IIOOC.1.241 
(NOTE III 

.•• CUtl ~ .... C.1.241 B8C 
.... C •• :1=., 

-- tNOTElll .• IO_:!!!..I:!!I ·_(t7A11) 

_til) .eao (11JM) 

9-51 
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Signe1ics 

Linear Products 

INTRODUCTION 

Soldering 
1. By hand 
Apply the soldering iron below the seating 
plane (or not more than 2mm above it). If itS 
temperature is below 3OO·C it must not be in 
contact for more than 10 seconds; if between 
3OO·C and 400·C, for not more than 5 sec· 
onds. 

2. By dip or wave 
The maximum permissible temperature of the 
solder is 260·C; this temperature must not be 
in contact with the joint for more than 5 
seconds. The total contact time of successive 
solder waves must not exceed 5 seconds. 

The device may be mounted up to the seating 
plane, but the temperature of the plastic body 
must not exceed the spacifted storage maxi
mum. If the printed-circuit board has been 
pre-heated, forced cooling mey be necessery 

February 1987 

Package Outlines 
For Prefixes HEF, OM, MEA, 
PCO, PCF, PNA, SAA, SAB, SAF, 
TBA, TCA, TOA, TOO, TEA 

immediately after soldering to keep the tem
parature within the parmlsslble limit. 

3. Repairing soldered lolnts 
The same precautions and limits apply as in 
(1) above. 

SMALL OUTLINE (SO) 
PACKAGES 

The Reflow Solder Technique 
The preferred technique for mounting minia
ture components on hybrid thick or thin-film 
circuits is reflow soldering. Solder is applied 
to the required areas on the substrate by 
dipping In a solder bath or, more usually, by 
screen printing a solder paste. Components 
are put in place and the solder Is refIowed by 
heating. 

Solder pastes consist of very finely powdered 
solder and flux suspended in an organiC liquid 
binder. They are available in various forms 
depanding on the spaclfication of the solder 

9·52 

and the type of binder used. For hybrid circuit 
use, a tin-lead solder with 2 to 4% silver Is 
recommended. The working temperature of 
this paste is about 220 to 230·C when a mUd 
flux is used. 

For printing the paste onto the substrate a 
stainless'steel screen with a mesh of 80 to 
105pm is used for which the emulsion thick
ness should be about 5Opm. To ensure that 
sufficient solder paste Is applied to the sub
strate, the screen aperture should be slightly 
larger than the corresponding contact area. 

The contact pins are positioned on the sub
strate, the slight adhesive forca of the solder 
paste being sufficient to keep them in place. 
The substrate is heated to the solder working 
temperature preferably by means of a con
trolled hot plate. The soldering procass 
should be kept as short as possible: 10 to 15 
seconds is sufficient to ensure good solder 
joints and evaporation of the binder fluid. 
After soldering, the substrate must be 
cleaned of any remeining flux. 



Signetics Uneor Products 

For Prefixes HEF, OM, MEA, PCO, PCF, PNA, 
SM, SAB, SAF, TBA. TeA. TOA, TOO, TEA 

Package Outlines 

8-PIN PLASTIC so (SOT-97A) 

...--10max ----.. 

8-PIN CERDIP (SOT-151A) 

top view 

February 1887 9-53 

i'---~---l 
.. II 0,32 

II max 

~ , 
'-rillJ-i ' 

-:1-

"""aoo 

-8J5 max---' 

, 

i I II II 
~O,32 II 

i,l 0,23 ~ 

, i __ ~--1 
_'0.0_ 

7,6 

POO141 .. 

I 



Signetics Linear Products 

For Prefixes HEF, OM, MEA, PCD,PCF, PNA, 
SM, SAB,'SAF, TBA, TCA, TDA, TOO, TEA 

a-PIN METAL CERDIP (SOT-153B) 

4 

9-PIN PLASTIC SIP (SOT-110B) 

~ 0,30 
0,20 , 

... i i-llliJ--i 
7 mo. 

t ~=--===\, t .. ~ .. 1"_u,. ~ 

22moll- .1 

February 1987 9-54 

Package Outlines 

POO, .... 



Slgnetlcs Unear Products 

For Prefixes HEF, OM, MEA, PCO, PCF, PNA, 
SAA, SAB, SAF, TBA, TCA, TOA, TOO, TEA 

9-PIN PLASTIC POWER SIP (SOT·131A, B) 

----2' .. I'I'1II. 

----.... ----., 

! .... 
.. .1 

II .-~ II ! , .... 
'i I "t 

i 1.....,.1ma. 

9·PIN PLASTIC SIP (SOT·142) 

I ~.-----21----_, 
' .. 

~~~~~-F~~~~-1~. 

" 

! , 
! 

'2 
m •• 

II I 

12" .. .. 
, 

11.2 
11,5 

'" 

f ~' \, tOP view 

15 
, -~-, 1 
~-~---T-----~i 

,_, ----22tnGlI-- ... ----"_, 
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Package Outlines 

,_" ,,-1 ....., 
I .... ! 

~ 
0,40-,1. I 
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Slgnetfcs Unear Products 

For Pr$flxesHEF, OM, MEA, PCO, PCF. PNA, 
SM, SAB. SAF. TBA, TCA. TOA, mo. TEA 

Package Outlines 

---------------------------------
9-PIN PLASTIC POWER SIP-BENT-To-DIP (SOT-157B) 

~---24 •• ffICII. ___ -. 

,.---- .... ---...., 

~1 
-~l ..... 

",-"",,==--,' T 
t, ' 
l' 

, • 5 .. 3 

!. -- -- --- - -.- -. • o.7IU1 

"!.-

1 • 

.. y' 1 1.1 
: ! , •• ' 0.75.' ~ : . i.· i U!L .. ~SI '" -,. ...I--r-r.:--j- - -I· _I 

;. . ~-IIB .1. .1 

i 
1 

" " 

12-PIN PLASTIC DIP WITH METAL COOLING FIN (SOT-150) 

,..-- 12 ... --~ 

m 
t7 
2,1 

1 

I I 
.I,.... i j. ~ 
I. IiiiI M":. 4,3 -.i 

'"0''''' 

'I Lt:~ I 
... -... -.~-- ~:~-----. 

top view 
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Signetics Linear Products 

For Prefixes HEF, OM, MEA, PCO, PCF, PNA, 
SM SAB, SAF, TBA, TCA, TOA, TOO, TEA 

13-PIN PLASTIC POWER SIP-BENT-T()"DIP (SOT-141B) 

-24,41110_-----_j 
. -1',' ---- ...... :; 

F=~::::::::::::::~~ i 

II. ~. .. .~~~~ .. 
- 3,25 !!t. , 

! ~, 9"i=;':9=' 9i"Fi'~· ffiffi=ff=~ffiffi~ 
t 

, .. 
, 

r 
k 

u 
_1~[,> 

.. _ ..... ~ ...... . • '..!....... •.• .... ... SM .. ~.~ .'. . 

14-PIN PLASTIC DIP (SOT-27K, M, T) 

....i 2.2 i __ .,.l..... 

;~ . 
. -la.S1 ' 

-~m' • 

top vtltW 
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Package Outlines 

P' 
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" T 

.... 0,4 

.' z .. 
.. M!l .... 4,3 .. 

Illil 
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8,3 

P001100s 
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Signetics Unear Products 

For Prefixes HEF, OM, MEA, PCO,PCF, PNA, 
SAA, SAB, SAF, TBA, TCA, TOA, TOO, TEA 

14-PIN CEADIP (SOT-73A, B, C) 

,----- 19,9loma. ------11 
~--------------~---I 

14-PIN METAL CEADIP (SOT-83B) 

topviow 

February 1887 9·58 

Package Outlines 

-a.2Smcx-

_1@_ 
7,6 

PQ011'" 

sid. vilw 

POOt1108 



Signetics Linear Products 

For Prefixes HEF, OM, MEA, PeO, PeF, PNA, 
SM, SAB, SAF, TBA, TCA, TOA, TOO, TEA 

16-PIN PLASTIC DIP (SOT-38) 

22 mal 

~I ;; ,.---r---------,;.----', 
;i 
s: , ' -,-

'.S 
',4 

_ 2.21 •... .,1. 
mo. 

16-PIN PLASTIC DIP (SOT-38A) 

February 1987 

4:' ..... 
""o.SO : 
~:~~12f . ' 

22mox----_ 

top VIeW 

9-59 

Package Outlines 

,_ 8.25max -_; 

I i 

_ 0,32 
I max 

" 

Iilll 
u 
8,' 

.. ,i 

P001130S 

11_1illl---': 
'---:3-

'01>,,"" 

I 



Signetics Uneer Products 

For Prefixes HEF, OM, MEA, PCO, PCF,PNA, 
SM, SAB, SAF, TBA,TCA, TOA, TOO, TEA 

16-PIN PLASTIC DIP (SOT-38D, DE) 

-----... 5 .... -----, 

lealS I indication (.ittler incl •• or aign) 

top view 

16-PIN PLASTIC DIP (SOT-38Z) 

-----.. ,5 .... -----, 

"C~ 1 indicQt.ion 1.1t.I'I" incl.x or sigft I 
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Package Outlines 

POOt11108 
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Signetics Unear Products 

For Prefixes HEF. OM. MEA. PC01 PCF. PNA. 
SM. SAB. SAF. TBA. TCA. TOA, TOO. TEA 

16-PIN PLASTIC DIP WITH INTERNAL HEAT SPREADER (SOT-38WE-2) 

t-----U .. ··-----I 

16-PIN PLASTIC alP (SOT-58) 

February 1987 

-----22 .... -----, 

, .., 

9-61 

Package Outlines 

,c,,, ... 
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Signetics Linear Products 

For Prefixes HEF, OM. MEA. PCD. PCF. PNA. 
SAA. SAB. SAF. TBA. TCA. TDA. TOO. TEA 

16-PIN CERDIP (SOT-74A, B. C) 

19,94ma. ------1 
--1 

top view 

16-PIN METAL CERDIP (SOT-84B) 

top view 

February 1987 9-62 

Package Outlines 

side view 

1 I ~ 
I 1:1' 

if.O,32 1 
~ 0,23 :J 
,r_~_r, 
___ 10.0 __ _ 

7,6 

POO,'" 



Slgnetlcs Unear Products 

For Prefixes HEF, OM, MEA, PCO, PCF, PNA, 
SM SAB, SAF, TBA, TeA, TOA, TOO, TEA 

18-PIN METAL CERDIP (SOT-85B) 

,----- 23.4"' •• ----_ 

18-PIN PLASTIC DIP (SOT·102A) 

_---~r- 23,5 .... ------1 

(4) 
topYiow 

February 1987 9-63 

Package Outlines 

,a.,"". 

I 



Signetics Unear Products 

For Prefixes,HEF, OM, MEA, PCO, PCF, PNA, 
SAA,SAB, . SAF, TBA, TCA, TOA, TOO, TEA 

18-PIN PLASTIC DIP (SOT-102C) 

,----- 22m .. ----_, 

18-PIN PLASTIC DIP (SOT-102CS) 

,----- 22mQ. ----_ 

February 1987 

!I I, 
• ',I 

';4 ,I , I I Li-' , .. 
.. I' , , , 

o.as....; i_ ..J---l_ ... i ... 
ma' 
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top view 

top view 

Package Outlines 

~
~-

_ 0.)2 .... 
LI.2s--i 

7.10 

I 
I _ 0.32 I 
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;-(!;!!)~ 

~-
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,Ide view 



Signetics Unear Products 

For Prefixes HEF, OM, MEA, PCO, PCF, PNA, 
SM, SAB, SAF, TBA, TCA, TOA, TOO, TEA 

18-PIN PLASTIC DIP (SOT-102G) 

,------- 25,4m •• -------

top view 

18-PIN CERDIP (SOT-133A, B) 

~------ 23,6max -------1 
-I 

tir~~~~~~~=r~~~~~~ ~~ 

1.27_, 
mex 

February 1987 9-65 

I o.~8 I 

_:Jom;~I:1 , ' 

1-
N, , 

I 

• ~ 0,32 

1 ~. 0,23 

! 
'. 

Package Outlines 

side view 

8,25 max-

side view 
; 

. , 
I 
I, 

" ~ 

17,62! J. 
10.0 . 
7,6 

POOl'" 
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Signetlcs Unear Products 

Fo"r Prefixes. HEF, ·OM, MEA, PCO, PCF,. PNA, 
SM, SAB, SAF,TBA, TCA, TOA, TOO, TEA 

2O-PIN PLASTIC DIP (SOT-148) 

270 ... -------1 

top view 

20-PIN CERDIP (SOT-152B, C) 

1--------25.4ma.-------~ 
I! 
Jl 

February 1987 

~--------------------~---t 

9·66 

5.08 
max 

I~~~ ~ 
:~I 

,,, 
.~54M 

Package Outlines 

1'0012"" 

-a.2Smax-

side view 

. 
I I~ , II 

rf.O,32 I, 
~ 0,23 ~ 

,1_~_r, 
_'0.0_ 

7,6 

1'00''''' 



Signetics Unear Products 

For Prefixes HEF, OM, MEA, PCO, PCF, PNA, 
SM, SAB, SAF, TBA, TCA, TOA, TOO, TEA 

20-PIN METAL CERDIP (SOT-154B) 

_------- 2S,8mox 

top view 

20-PIN PLASTIC DIP (SOT-116) 

I---~~--- 29 ...... ----

top view 

February 1987 9-67 

Package Outlines 

1_ 7.57 max -.~ 
I . I 

.... 0,30 
II 0,20 
~ • 

0·. m 
,omo)! 

1o.9 mOX-i 
9mCII -~I' 

L-_'---'----' 1 

!I 
'I 
!I 
f 

--r;o:tiI-I.' . __ =_1 
11.17 

side vie • 

sid. view 

PO"'" 

• 



Signetlcs Unear Products 

For Prefixes HEF, OM, MEA, PCO, PCF, PNA, 
8M SAB, 8AF, TBA,. TeA, TOA, TOO, TEA 

22-PIN METAL CERDIP (SOT-118B) 

~------------2~m9------------~ 

T~·~~·m~·I·-·-·--·-· 

22-PIN CERDIP (SOT-134A) 

j4-------27.84ma.------~ 

top view 

February 1987 9-68 

Package Outlines 

--

'0.,"'" 

aide view 



Slgnetlcs Unear Products 

For Prefixes HEF, OM, MEA, PCO, PCF, PNA, 
SAA, SAB, SAF, TBA, TCA, TOA, TOO, TEA 

24·PlN METAL CERDIP (SOT-86A) 

24-PIN CERDIP (SOT·S4) 

February 1987 9-69 

Package Outlines 

_ ...... 11.tO_.·· 

., ... vi_ 

-1!mJ -

.--- .... ------, 

:~o 1.-" 1!mI----' 

"" ..... 

• 



Signetics Unear Products 

Fori Prefixes HEF, OM, MEA, PCO,PCF, PNA, 
SAA, SAB, SAF, TBA, TCA, TOA, TOO, TEA 

Pockage Outlines, 

24-PIN PLASTIC DIP WITH INTERNAL HEAT SPREADER (SOT-101A, B) 

ts.&mox 
~-------------nmu---------------, r;=:==.14.tmo.l -

~ i ..... view 

I I 

_ rll.i... 

I I 

t~32 " , .... 
" t ~ 

~ 
j 

17.15 
,to .. 

topyiew 

(4) 

28-PIN METAL CERDIP (SOT-S7A) 

~------------- '&.00 __ -------------'----, 

top ~iew 

P0013008 
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Slgnettcs Linear Products 

For Prefixes HEF, OM, MEA, PCO, PCF, PNA, 
SM. SAB, SAF, TBA, TCA, TOA, TOO, TEA 

28-PIN METAL CERDIP (SOT-87B) 

I I -- "max I 

I I 

~ -1- ---! ... , 
: : _ -.l.. . o,ti'"ft , 

.- -- III I _ _ _ • ~ ~, 
't....4- 26 • 

.J:!~ -.Im'-

~ .. 2 .. .. 4 , ., . to " to .. 

"\ 
../ 

. 
• 2 , 4 • 7 • • '0 " 12 " .4 

28-PIN PLASTIC DIP (SOT-117) 

I-----------------,._------------____ ~ 

(4) 
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Package Outlines 
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Signetics Linear Products 

For Prefixes HEF, OM, MEA, PCO, PCF, PNA, 
SAA. SAB, SAF, TBA, TCA, TOA, TOO, TEA 

28-PIN PLASTIC DIP (SOT·117D) 

~------------__ --- 37 .. ----------------~ 

... -

28·PIN CERDIP (SOT·135A) 

,-------------------,~mu----____________ ~ 

February 1987 9-72 

Package Outlines 

'---I§J--
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Signettcs Unear Products 

For Prefixes HEF. OM. MEA. PCO. PCF. PNA. 
SM. SAB. SAF. TBA. TCA. TOA. TOO. TEA 

4G-PIN METAL CERDIP (SOT-aa) 

4G-PIN METAL CERDIP (SOT-aaB) 

r-----------II.XI�J�O�� 

-~ 

32 

--j'j-

• 
4~' ---J .. , 

t G.!lIlIn. 

-:- O,S1 .~a.7&'1I. 
o,31,~tII .. , 

...i~i.. 

2. 2. 2 2 2 24 23 22 21 top viaw 

fJ---------t------ 1"---------- I-

. 
, 2 1 11 12 1 14 1 1 11 I. 1 20 
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Package Outlines 
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Signetics Unear Products 

For PrefixesHEF, OM, MEA, PCO, PCF, PNA, 
SM, SAB, SAF, TBA, TCA, TOA, TOO, TEA 

4o-PIN PLASTIC DIP (SOT-129) 

(4) 

40-PIN CERDIP (SOT-145) 

February 1987 9·74 

Package Outlines 

, __ 11.1 Il101 ___ , 
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Signetlcs Linear Products 

For Prefixes HEF, OM, MEA, PCO, PCF, PNA, 
SAA, SAB, SAF, TBA, TCA, TOA, TOO, TEA 

Package Outlines 

8-PIN PLASTIC SO (D PACKAGE) (SO-8, SOT-96A) 

m 
19 .10 (.004) ! 

653~0174 88070 

O@ .10 (.004) 

-+----1-1.27 (.050) esc 

l.49 (.019) 
.35 (.014) 

I 
(.D81 • .00&) 
T.557:2i) 

i"'!T!e!o@! .25 (.010) 91 

NOTES: 
1. Package dimensions conform to JEDEC specification 

MS-012-AA for standard small outline (SO) package, 8 
leads, 3.75mm (.150") body width ~ssue A. June 1985). 

2. Controlling dimensions are in mm. Inch dimensions in 
parentheses. 

3. Dimensions and tolerancing per ANSI Y14.5M-1982. 
4. "T", "0" and "E" are reference datums on the molded 

body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .1Smm (.006") on 
any side. 

5. Pin numbers start with pin #1 and continue 
counterclockwise to pin #8 when viewed from top. 

6. Signetlcs ordering code for a product packaged In a 
plastic small outline (SO) package is the suffix 0 after 
the product number. 

~E~===!: 
I 

.25 (.010) (.D07 • .DOS) 

.19 (.007) .180 • .07 

8-PIN PLASTIC SO (VSO-8, SOT-176) 

February 1987 

_I~ 7,6 max -I 
' m,nJ , 

lOS' 1 ~ 
0:35t~ 2,35 2,7 

1 I max max 

0:49. \'\ -, t 
0,36' I~ --=r _ 

liE 
_1 1'95 1_ max 

i 

,_9,omax-1 

-, ;a~ 1-- 7,6 max --I. 

~I 1 
7' "\ox _ _ ~ ~ 

max 1 \.t,: ~I'~O'; rl ..... 1,71__ min 0,22 
~ ~5 

---- 12,4max ----

top view 

-'-'-, 
40 2,0 . 

!' max J , , 

__ 8.0rnax_ 

9-75 
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Signetics Unear Products 

For Prefixes HEF, OM, MEA, PCO, PCF, PNA, 
SM, SAB, SAF, TBA, TCA, TOA, TOO, TEA 

14-PIN PLASTIC SO (D PACKAGE) (S0-14, SOT-108A) 

T 
.10 (.(104) 

~53-0175 88088 

16-PIN PLASTIC SO (D PACKAGE) (S0-16, SOT-109A) 

~ I U,.27 (.050) BSC 

~10.oo(._) 
8.60 (.388) 

Package Outlines 

-1. Package dimensions conform to JEDEC specifica1Ion 
MS-012·AB lor etandard amaII ouIIIne (SO) package, 14 
~ 3.75mm (.150") body width 0 .... A. June 1985). 

2. ControIHng dImen!dOnS are in mm. Inch clmansiona in 
pare- . 

3. DImensIono and tolerancing per ANSI YI4.5M-1982. 
4. "T", "0" and "E" are reference da1umo on !he molded 

body and do not include mold flash or protrueions. Mold 
flash or pro1ruoIons shall not exceed .15mm (.008") on 1II:I\f_. 

5. Pln numbero sIIuI willi pin #1 and continuo 
counterclockwise to pin #14 when viewed 1rom top. 

6. Slgnotlos ordering code lor a product packaged In a 
plastic small outline (SO) package Ie !he auIflx D after 
!he product ... ..-. 

-1. Package dimensions conform to JEDEC opacification 
M8-012-AC lor standard small ouUlne (SO) package, 15 
1_ S.75mm (.150") body width (Iasuo A. Juno 1985). 

2. Controlling dimensions are in Mm. Inch clmenstons In 
paren1IIo-. 

3. Dimensions and 10Ierancing par ANSI YI4.5M·1982. 
4. 'T', "0" and "E" are reference datums on the molded 

body and do not InclUde mold flaoh or protrusions. Mold 
ftaoh or protrusions shall not oxooed .15mm (.008") on 
lII:I\folda. 

5. Pin I1IOI1bers sIIuI willi pin #1 and continue 
coun1Brclockwiao to pin #16 when viewed 1rom top. 

6. Signelico ordering code lor a product packagad in a 
pIa8IIc small ouIIIne (SO) package Ie "'e ouffbc D _ 
!he product number. 

.50 (.020) lC450 r 2iTo1oi 

T 
.10 (.004) 

853.QOOS 88069 

February 1987 

AI (.018) ifl T 1 E ID@)I .26 (.010) 18 1 
.35 (.014) 
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Signetics Linear Products 

For Prefixes HEF, OM, MEA, PCO, PCF, PNA, 
SAA, SAB, SAF, TBA, TCA, TOA, TOO, TEA 

16-PIN PLASTIC SOL (0 PACKAGE) (SOL-16, SOT-162A) 

I 
7.60 (.299) 

7.40 (.29') 

1 

m 
I 

rO@I.'O (.004)~ 

~ 
~ 
'0.26 (.404) 

j+le@! .25 (.0'0) @ 1 

GO~----~------:~~~~: 

853.()'7' 8'2'8 

I 
2.65 (.'04) 

2.35 (.093) 

.49 (.0'9) --1 ... 1 T 1 elo@1 .25(.0'0) 19 1 

.35 (.0'4) 

20-PIN PLASTIC SOL (0 PACKAGE) (SOL-20, SOT-163A) 

7.40 (.29') 

I 
IT:! 
I 

l+io@1 .'0 (.004) ! 

11 
'0.65 (.4'9) 

'0.26 (.404) 

!+!e@! .25 (.0'0) @ I 

-0+---1---- '3.00 (.5'2) 
'2.60 (.496) 

[T] 
ICl .'0 (.004) 1 

853'()172 82948 
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~ --1"'IT!eio@I.25(.0'0)19 1 
.35 (.0'4) 

t 
2.65 (.'04) 

2.35(.093i 

9·77 

Package Outlines 

NOTES: 
1. Package dimensions conform to JEDEC specification 

MS-013-M for standard small outline (SO) package. 16 
leads, 7.S0mm (.300") body width (issue A, June 1985). 

2. Controlling dimensions are in mm. Inch dimensions in 
parentheses. 

3. Dimensions and tolerancing per ANSI Y14.SM- 1982. 
4. liT", "0" and OlE" are reference datums on the molded 

body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .15mm (.006") on 
any side. 

5. Pin numbers start with pin # 1 and continue 
counterclockwise to pin #16 when viewed from top. 

6, Signetics ordering code for a product packaged in a 
plastic small outline (SO) package is the suffix 0 after 
the product number. 

.23 (.009) 

NOTES: 

.30 (.0'2) 

.'0 (.004) 

1. Package dimensions conform to JEDEC specification 
MS-013-AC for standard small outline (SO) package, 20 
leads, 7.50mm (.300") body width (issue A, June 1985). 

2. Controlling dimensions are in mm. Inch dimensions in 
parentheses. 

3. Dimensions and tolerancing per ANSI Y14.5M-1982. 
4. "T", "0" and tiE" are reference datums on the molded 

body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .15mm (.006") on 
any side. 

5. Pin numbers start with pin # 1 and continue 
counterclockwise to pin #20 when viewed from top. 

6. Signetics ordering code for a product packaged in a 
plastiC small outline (SO) package is the suffix 0 after 
the product number. 

.32 (.0'3) 

.23 (.009) 

.75 (.030) X450 

.50 (.020) 

.30 (.0'2) 

.'0 (.004) 



Signetics Linear Products 

For Prefixes HEF, OM, MEA, PCD, PCF, PNA, 
SAA, SAB, SAF, TBA, TCA, TDA, TOO, TEA 

24·PIN PLASTIC SOL (0 PACKAGE) (SOL·24, SOT·137A) 

O@ .10 (.004) 

11 
10.65 (.419) 

I 
7.60 (.299) 

7.40 (.291) 10.26 (.404) 

I !tle@I.25. (.010) @ I 

L,I-------11 

853·0173 82949 

15.60 (.614) 
15.20 (.598) 

I 
2.65 (.104) 

2.35 (.093) 
\ 

28·PIN PLASTIC SOL (0 PACKAGE) (SOL·28, SOT·136A) 

1+lo@l·l0 (.004) I 

Package Outlines 

NOTES: 
1. Package dimensions conform to JEDEC specification 

MS-013-AD for standard small outline (SO) package, 24 
leads, 7.50mm (.300") body width (issue A, June 1985). 

2. Controlling dimensions are In mm. Inch dimensions in 
parentheses. 

3. Dimensions and tolerancing per ANSI YI4.SM- 1982. 
4. "T", "0" and "E" are reference datums on the molded 

body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .1Smm (.006") on 
any side. 

5. Pin numbers start with pin #1 and continue 
counterclockwise to pin #24 when viewed from top. 

6. Signetics ordering code for a product packaged in a 
plastic small outline (SO) package is the suffix 0 after 
the product number. 

.32 (.013) 

.23 (.009) 

NOTES: 

r .75 (.030) X45· 
.50 (.020) 

.30 (.012) 

.10 (.004) 

1.07 (.042) 

.86 (.034) 

1. Package dimensions conform to JEDEC specification 
MS-013-AE for standard small outline (SO) package, 28 
leads. 7.S0mm (.300") body width (issue A, June 1985). 

2. Controlling dimensions are in mm. Inch dimensions in 
parentheses. 

3. Dimensions and tolerancing per ANSI Y14.5M-1982. 
4. "T", "0" and "E" are reference datums on the molded 

body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .15mm (.006") on 
any side. 

10.65 (.419) 

10.26 (.404) 

S. Pin numbers start with pin # 1 and continue 
counterclockwise to pin #28 when viewed from top. 

6. Signetics ordering code for a product packaged in a 
plastic small outline (SO) package is the suffix 0 after 
the product number. 

Ul.27 (.050) esc 

·O·~----~------------
18.10 (.713) 

17.70 (.687) 

m 
IQI .10 (.004) I I L 

-I .49 «·0019) -+fITI elo@I.25(.010)@ I 
.35 • 14) 

853-0006 81217 

February 1987 

1+le@I·25 (.010) @ I 

I 

I r·75 (.030) X45· ---i .50 (.020) 

,------Y \ 2.65 (.104) 

~JJ\ 2.35 (.093) I I 

I 
.32 (.013) .30 (.012) 1.07 (.042~_ 

.23 (.009) .10 (.004) .86 (.034) 
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Slgnel1cs Unear Products 

For Prefixes HEF, OM, MEA, PCO, PCF, PNA, 
8M 8AB, 8AF, TBA, TCA, TOA, TOO, TEA 

Package Outlines 

4O·PIN PLASTIC SO (VSOo40, SOT·158A) 

'

-ls,smax_1 
_ 1,0

1
_ 

min . 
l,oSi.....t, ~ 
O'3Sr~-~ _,I 2,35 2,1 

I " max me. 

i - - -0,42: 1·1 I + 
0746;ox ~1~iO®J 

10,1621 

-"'1.- 015 
"171_ ' m;n 0.121 
-':5" 0,15 
--- 12,3max ___ I 

top view 

-16.0rnax _I 
POO101OS 

400PIN PLASTIC SO (OPPOSITE BENT LEADS) (VSOo40, SOT·158B) 

top view 

--- 16.0 max ---

February 1987 9·79 

1-9.0mox-
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max 1,1 I max, I .0,15 

:=-i--+---! min , , 
0.22 
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II _I,7L 
1,5 
---12,3max---1 
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Signetics Uneer Products 

Sales Offices 

SIGNETICS NEW JERSEY ILLINOIS OKLAHOMA 
HEADQUARTERS Parsippany Hoffman Estates Tulsa 
811 East Arques Avenue Phone: (201) 334-4405 Micro-Tex, Inc. Jerry Robinson and 
P.O. Box 3409 

NEW YORK 
Phone: (312) 382-3001 Associates 

Sunnyvale, 
Hauppauge INDIANA 

Phone: (918) 665-3562 
California 94088-3409 
Phone: (408) 991-2000 Phone: (516) 348-7877 Indianapolis OREGON 

Mohrfield Marketing Inc. Hillsboro 
ALABAMA Wappingers Falla 

Phone: (317) 546-6969 Western Technical Sales 
Huntsville Phone: (914) 297-4074 

Phone: (503) 640-4821 
Phone: (205) 830-4001 NORTH CAROLINA 

IOWA 
Cedar Rapids PENNSYLVANIA 

ARIZONA Cary 
J.R. Sales Pittsburgh 

Phoenix Phone: (919) 481-0400 
Phone: (319) 393-2232 Covert & Newman 

Phone: (602) 265-4444 OHIO 
MARYLAND 

Phone: (412) 531-2002 

CALIFORNIA Worthington 
Glen Burnie Willow Grove 

Canoga Park Phone: (614) 888-7143 
Third Wave Solutions, Inc. Delta Technical Sales Inc. 

Phone: (818) 340-1431 OREGON Phone: (301) 787-0220 Phone: (215) 657-7250 

Irvine Portland 
MASSACHUSETTS UTAH 

Phone: (714) 833-8980 Phone: (503) 297-5592 
Needham Heights Salt Lake City 

(213) 588-3281 PENNSYLVANIA Com-Sales, Inc. Electrodyne 

Los Angeles Plymouth Meeting Phone: (617) 444-8071 Phone: (801) 486-3801 

Phone: (213) 670-1101 Phone: (215) 825-4404 Kanan Associates 
WASHINGTON 

TENNESSEE 
Phone: (617) 449-7400 

Bellevue San Diego 
Greeneville MICHIGAN Western Technical Sales Phone: (619) 560-0242 

Phone: (615) 639-0251 Bloomfield Hills Phone: (206) 641-3900 
Sunnyvale 

TEXAS 
Enco Marketing 

Spokane Phone: (408) 991-3737 
Austin 

Phone: (313) 642-0203 
Western Technical Sales 

COLORADO Phone: (512) 339-9944 MINNESOTA Phone: (509) 922-7600 
Aurors 

Richardson 
Eden Prairie 

WISCONSIN Phone: (303) 751-5011 
Phone: (214) 644-3500 

High Technology Sales 
Waukesha 

FLORIDA Phone: (612) 944-7274 
Micro-Tex, Inc. 

Clearwater CANADA 
MISSOURI Phone: (414) 542-5352 

Phone: (813) 796-7086 SIGNETICS CANADA, L TD_ 
Bridgeton 

Etoblcoke, Ontario 
Centech, Inc. 

CANADA 
Ft_ Lauderdale Phone: (416) 626-6676 

Phone: (314) 291-4230 
Burnaby, British Columbia 

Phone: (305) 486-6300 Tech-Trek, Ltd. 
Nepean, OntariO Raytown 

Phone: (604) 439-1367 GEORGIA Signetics, canada, Ltd. Centech, Inc. 
Atlanta Phone: (613) 726-9576 Phone: (816) 358-8100 Mlaslssauga, Ontario 

Phone: (404) 953-0067 
NEW JERSEY 

Tech-Trek, Ltd. 

ILLINOIS REPRESENTATIVES 
East Hanover 

Phone: (416) 238-0366 

ltaaca ARIZONA Emtec Sales, Inc. Nepean, Ontario 
Phone: (312) 250-0050 Scottsdale Phone: (201) 428-0600 Tech-Trek, Ltd. 

INDIANA Thorn Luke Sales, Inc. 
NEW MEXICO 

Phone: (613) 726-9562 

Kokomo Phone: (602) 941-1901 
Albuquerque Richmond, British Columbia 

Phone: (317) 453-6462 CALIFORNIA F.P. Sales Tech-Trek, Ltd. 

KANSAS Santa Clara Phone: (505) 345-5553 Phone: (604) 271-3149 

Overland Park Magna Sales 
NEW YORK Ville SI. Laurent, Quebec 

Phone: (913) 469-4005 Phone: (408) 727-8753 
Ithaca Tech-Trek, Ltd. 

MASSACHUSETTS CONNECTICUT Bob Dean. Inc. Phone: (514) 337-7540 

Littleton Brookfield Phone: (607) 257-1111 

Phone: (617) 486-8411 M & M Associates 
OHIO 

Phone: (203) 775-6688 
Cleveland MICHIGAN 

FLORIDA Covert & Newman Farmington Hills 
Phone: (313) 476-1610 Clearwatar Phone: (216) 663-3331 

Sigma Technical Associates Dayton 
MINNESOTA Phone: (813) 791-0271 Covert & Newman 
Edina 

Ft. Lauderdale 
Phone: (513) 439-5788 

Phone: (612) 835-7455 
Sigma Technical Associates 

Worthington 

II Covert & Newman 
Phone: (305) 731-5995 Phone: (614) 888-2442 
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Signetics Unear Products 

Sales Offices 

DISTRIBUTORS DENMARK JAPAN SPAIN 
Contact one of oilr Mlnlwatt AIS Nlkon Philips Corp. Mbilwatt $.A. 
local dletrlbutora: Copenhagen S Tokyo Barcelona 
Anthem Electronics Phone: 45·1·54-11·33 Phone: 81·3-448·5817 Phone: 34-3·301-63·12 
Arrow Electronics 

FINLAND 
Slgndee Japan Ltd. 

SWEDEN Avnet Electronics 
Oy Philips Ab 

Phone: 81·3·230·1521/2 
PhHlps Kompolltll1ter A.B. Hamlltonl Avnet Electronics 

Helsinki KOREA Stockholm LIonex Corporation Phone: 358"()'172· 71 PhUlps InduBlr .... Ltd. Phone: 46-8·782·10-00 Schweber Electronics 
Sacul Summit Distributors FRANCE Phone: 82·2·794·5011/2/3 SWITZERLAND 

Quality Components R.T.C. La Radlotechnlqu .. 14/5 PhlUps A.G. 
Wyle LEMG Compelec Zurich 
Zentronics, Ltd. Paris MEXICO Phone: 41·1-488-221 1 

Phone: 33·1-43-38-80"()() Electronlee $.A. de C.V. TAIWAN FOR SIGNETICS Toluca 
PRODUCTS 

GERMANY Phone: (721) 613"()() PhUlps Taiwan, Ltd. 
Valvo Taipei 

WORLDWIDE: Hamburg NETHERLANDS Phone: 886·2·712"()500 

ARGENTINA Phone: 49-40-3·296·1 PhiliP. Naderland B.V. 
THAILAND 

Philips Argentina $.A. GREECE 
Eindhoven 

PhlUps Electrical Co. 
Buenos Aires PhUlps HeUenlque &.A. Phone: 31-40·793-333 

of ThaIland Ltd. 
Phone: 54·1·541·7141 Athens NEW ZEALAND Bangkok 

AUSTRALIA Phone: 30-1-9·21-5111 Philips New Zealand Ltd. Phone: 88-2-233-6330-9 

Philips Electronic HONG KONG Auckland TURKEY 
CompOnanle and Materia ... PhlUpsHong Kong, Ltd. 

Phone: 64-9-605914 
Turk Philip. 

Ltd. Kwal Chung NORWAY Tleem A.s. 
Artarmon, N.S.W. Phone: 852"()'245-121 Norak AIS PhUlps Istanbul 
Phone: 61-2-439-3322 

INDIA 
OSlo Phone: 90-11-43-59-10 

AUSTRIA Palco Electronic. • Elect. 
Phone: 47-2-68-02..()() 

UNITED KINGDOM 
OIterrtchllche PhUlp. Ltd. PERU M~ard, Ltd. 
Bauelemenle Bombay CadIee London 

Wien Phone: 91-22-493-6721 Uma Phone: 44-1-580-8633 
Phone: 43-222~-91-11 

INDONESIA Phone: 51-14-319253 UNITED STATES 
BELGIUM P.T. PhlUpa-Ralin Electronlee PHILIPPINES Slgndee IntarnaUonIll Corp. 
N.V. PhUlp •• MBLE Jekarta Selatan PhUlps Induetrlal DeY.. Inc. Sunnyvale, california 

BrulCeliea Phone: 62-21-512-572 Makati Phone: (406) 991-2000 
Phone: 32-2-5-23"()()"()() 

IRELAND 
Phone: 63-2-668951-9 

URUGUAY 
BRAZIL Philips Electrical Ltd. PORTUGAL Luzllectron, 8.A. 
Philips Do Bra.U, LtdL Dublin Philips Portug_ SARL Montevldec 

Sao Paulo Phone: 353-1-69-33-55 Usbon Phone: 588-91-58-41/42 
Phone: 55-11-211-2600 

ISRAEL Phone: 351-1-65-71-85 /43/44 

CHILE Rapsc Electronlca, Ltd. SINGAPORE VENEZUELA 
Philips Chilena &.A. Tel Aviv PhIUps ProJect Dey. Pte., LM. Magnetlca, 8.A. 

Santiago Phone: 972-3-4n115 Singapore caracea 
Phone: 58-02'()77-3816 

ITALY 
Phone: 85-350-2000 Phone: 58-2-241-7509 

COLOMBIA PhiUps 8.p.A. SOUTH AFRICA 
Ipreleneo, Ltde. Milano E.D.A.C. (PTY), Ltd. 

Bogota Phone: 39-2-67-52-1 Joubert Perk 
Phone: 57-1-2497624 Phone: 27-11 -402-4600 

e/f8CtiYi 4.14087 
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