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Harris Semiconductor, one of the top ten U.S. merchant semiconductor suppliers, is a sector of Harris 
Corporation - a producer of advanced information processing, communication and microelectronic 
products for the worldwide information technology market. 

Harris Semiconductor is organized to address the standard products, custom products, and gallium 
arsenide semiconductor markets. 

SEMICONDUCTOR PRODUCTS DIVISION: 
Harris Semiconductor offers a wide selection of standard analog and digital circuits through its 
Semiconductor Products Division including those designed to operate in very severe environments. 

Analog Products 
Harris is a major force in analog integrated circuitry, offering a broad line of products including: 
analog-to-digital converters, digital-to-analog converters, sample-and-hold circuits, multiplexers, 
switches, operational amplifiers, telecommunications, speech processing products and active filters 
(See complete analog product listing, page 1-1.) 

Digital Products 
Harris is a pioneer in developing and producing digital CMOS products including: CMOS, RAMs, 
CMOS PROMs, CMOS microprocessors, CMOS peripherals, CMOS data communications products, 
and a full line of 8DC286 and 8DC86/88 microprocessors and peripherals. Semicustom solutions are 
accomplished using a combination of fully characterized cells, macros, complex megacells and 
compilable functions. (See complete digital product listing, page 12-2.) 

CUSTOM INTEGRATED CIRCUITS DIVISION (CICD) 
CICD is dedicated to the development and production of custom/semi-custom and specialized 
integrated circuits for use in such areas as tactical/strategic radiation environments and secure 
communications. CICD employs high performance CMOS and bipolar technologies to meet the needs 
of high-end major military and hi-reliability programs. 

CICD is oriented to engineering and manufacturing to specific customer requirements. The division 
also has its own dedicated manufacturing operation and engineering, product assurance, and prog­
ram manager representation to insure close customer interaction and tight control of the design and 
quality aspects of individual programs. (See complete CICD product listing, page 12-3.) 

MICROWAVE SEMICONDUCTOR OPERATIONS 
Harris Microwave Semiconductor Operations develops and manufactures gallium arsenide field effect 
transistors (GaAs FETs), digital integrated circuits and monolithic microwave integrated circuits. 
Custom design and fabrication services are available whereby customers can design or specify 
specialized digital, MMIC or FET devices for manufacture at HMS. (See complete Microwave product 
listing, page 12-5.) 



Harris Linear, 
Data Acquisition and 

Telecom Products 

Harris Semiconductor's spectrum of analog products meet many specialized requirements 
ranging from precision to low power to high speed performance. Capitalizing on advanced 
linear processing technologies developed over the past 19 years, Harris Semiconductor 
offers analog products of high quality and unmatched performance. 

This data book describes Harris Semiconductor's industrial line of Linear, Data Acquisition, 
and Telecommunication products. In addition, it includes a complete set of data sheets for 
product specifications; a section of application notes with design details for specific appli­
cations of Harris products; and a description of the Harris quality and high reliability 
program. 

If you need more information on these and other Harris products, please contact the nearest 
Harris sales office listed in the back of this data book, or return the reply card attached 
inside back cover. 

Harris Semiconductor products are sold by description only. All specilications in this data book are applicable only 
to packaged products; specilications lor dice are available upon request. Harris reserves the right to make 
changes in circuit design, specilications and other inlormation at any time without prior notice. Accordingly, the 
reader is cautioned to verily that data sheets and other information in this pubilication are current before placing 
orders. Information contained in the application notes is intended solely for general guidance; use of the information 
for user's specilic application is at user's risk. Reference to products of other manufacturers are solely for 
convenience of comparison and do not imply total equivalency of design, performance or otherwise. Finally, without 
the prior specific approval of an officer of Harris, the Harris products should not be used as critical components (i.e., 
failure of the Harris product is likely to cause failure of the system) in fife support devices or systems (i.e., surgically 
implantable devices or life-sustaining machines). 
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ALPHA NUMERIC PRODUCT INDEX 

HA-2400/04/05 

HA-2406 

HA-2420/25 

HA-2500/02/05 

HA-251 0/1 2/15 

HA-2520/22/25 

HA-2529 

HA-2539 

HA-2540 

HA-2541 

HA-2542 

HA-2544 

HA-2600/02/05 

HA-2620/22/25 

HA-2640/45 

HA-2650/55 

HA-2720/25 

HA-4741 

HA-4900/02/05 

HA-5002 

HA-5033 

HA-5101/11 

HA-5102/04/12/14 

HA-5127 

HA-5130/35 

HA-5134 

HA-5137 

HA-5141/42/44 

HA-5147 

HA-5151/52/54 

HA-5160/62 

HA-5170 

HA-5177 Preliminary 

HA-5180 

PRAM Four Channel Programmable Amplifiers ............................. . 

Digitally Selectable Four Channel Operational Amplifier ..................... . 

Fast Sample and Hold ................................................... . 

PreCision, High Slew Rate Operational Amplifiers ........................... . 

High Slew Rate Operational Amplifiers .................................... . 

Uncompensated, High Slew Rate Operational Amplifiers ..................... . 

Uncompensated, High Slew Rate, High Output Current Operational Amplifier .. . 

Very High Slew Rate, Wideband Operational Amplifier ....................... . 

Wideband, Fast Settling Operational Amplifier .............................. . 

Wideband, Fast Settling, Unity Gain Stable, Operational Amplifier ............. . 

Wideband, High Slew Rate, High Output Current Operational Amplifier ........ . 

Video Operational Amplifier .............................................. . 

Wideband, High Impedance Operational Amplifiers ......................... . 

Very Wideband, Uncompensated Operational Amplifiers .................... . 

High Voltage Operational Amplifiers ....................................... . 

Dual High Performance Operational Amplifier .............................. . 

Wide Range Programmable Operational Amplifier .......................... . 

Quad Operational Amplifier .............................................. . 

Precision Quad Comparator ............................................. . 

Monolithic, Wideband, High Slew Rate, High Output Current Buffer ........... . 

Video Buffer ........................................................... . 

Single, Low Noise, High Performance Operational Amplifiers ................. . 

Dual/Quad, Low Noise, High Performance Operational Amplifiers ............ . 

Ultra-Low Noise, Precision Operational Amplifier ........................... . 

Precision Operational Amplifiers .......................................... . 

Precision Quad Operational Amplifier ..................................... . 

Ultra-Low Noise, Precision, Wideband Operational Amplifier ................. . 

Single/Dual/Quad Ultra-Low Power Operational Amplifiers .................. . 

Ultra-Low Noise, Precision, High Slew Rate, Wideband Operational Amplifier . ' .. 

Single/Dual/Quad Low Power Operational Amplifiers ....................... . 

Wideband, JFET Input, High Slew Rate, Uncompensated, Operational Amplifier. 

Precision, JFET Input Operational Amplifier ................................ . 

Ultra-Low Offset Voltage Operational Amplifier ............................. . 

Low Bias Current, Low Power, JFET Input Operational Amplifier .............. . 
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ALPHA NUMERIC PRODUCT INDEX (Continued) 

HA-5190/95 

HA-5320 

HA-5330 

HC-5502A 

HC-5502B Preview 

HC-5504 

HC-5504B Preview 

HC-55l2/55l2A 

HC-55l2D 

HC-55536 

HC-55564 

HC-5560 

HF-l0 

HI-1818A/1828A 

HI-200 

HI-201 

HI-201HS 

HI-300 thru 307 

HI-381/384/387/390 

HI-5040thru 5051 

Wideband, Fast Settling Operatiohal Amplifiers ..•............................ 

High Speed Precision Monolithic Sample and Hold Amplifier ................. . 

Very High Speed ~onolithic Sample and Hold Amplifier ..................... . 

Subscriber Line Interface Circuit (SUC) .................................... . 

Subscriber Line Interface Circuit (SUC) ......................•.............. 

Subscriber Line Interface Circuit (SUC) .................................... . 

Subscriber Line Interface Circuit (SUC) ..................•.................. 

PCM Monolithic Filters ......................................•............ 

PCM Monolithic Filter Military Temperature Range .......................... . 

All-Digital Continuously Variable Slope Delta Demodulator (CVSD) Decode Only 

All-Digital Continuously Variable Slope Delta Modulator (CVSD) .............. . 

Transcoder '" ......................................................... . 

Universal Active Filter ................................•................... 

Low Resistance Single 8/Differential4 Channel .........................•... 
CMOS Analog Multiplexers 

Dual SPST CMOS Analog Switch ......................................... . 

Quad SPST CMOS Analog Switch ........................................ . 

High Speed Quad SPST CMOS Switch .................................... . 

CMOS Analog Switches ................................................. . 

CMOS Analog Switches ................................................. . 

CMOS Analog Switches ................................................. . 
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2-211 

7-10 

7-17 
8-5 

8-11 

8-12 

8-18 

8-19 

8-26 

8-35 

8-39 

8-49 

8-46 

4-65 

3-5 

3-11 

3-17 
3-26 

3-31 

3-37 

HI-5046A and HI-5047A CMOS Analog Switches. .. .. .. .. .. . . . . .. . .. . . .. . .. . . .. .. .. . . .. . .. . .. . . . . . 3-37 

HI-5OS/507 

HI-5OSA/507 A 

HI-508/509 

HI-508N509A 

HI-516 

HI-518 

HI-524 

HI-539 

HI-546/547 

HI-548/549 

HI-562A 

HI-565A 

HI-574A 

HI-674A 

HI-774 

HI-5618N5618B 

HI-5660/5660A 

HI-5680 

HI-5685/5685A 

HI-5687 

HI-5690V /95V/97V 

HI-DAC16B/DAC16C 

Single 16/Differential 8 Channel CMOS Analog Multiplexers ................. . 

Single 16/Differential 8 Channel CMOS Analog Multiplexers with ............. . 
Active Overvoltage Protection 

Single 8/Differential4 Channel CMOS Analog Multiplexers .................. . 

Single 8/Differential4 Channel CMOS Analog Multiplexers with .............. . 
Active Overvoltage Protection 

16 Channel/Differential 8 Channel CMOS High Speed Analog Multiplexer ..... . 

8 Channel/Differential 4 Channel CMOS High Speed Analog Multiplexer ...... . 

4 Channel Wideband and Video Multiplexer ................................ . 

Monolithic, 4 Channel, Low Level, Differential Multiplexer .................. . 

Single 16/Differential8 Channel CMOS Analog Multiplexers with ............. . 
Active Overvoltage Protection 

Single 8/Dlfferential4 Channel CMOS Analog Multiplexers with .............. . 
Active Overvoltage Protection 

12-Bit High Speed Monolithic Dlgital-to-Analog Converter .................. . 

High Speed Monolithic Dlgital-to-Analog Converter with Reference ........... . 

Fast, Complete 12-Bit A/D Converter with Microprocessor Interface .......... . 

121ls, Complete 12-Bit NO Converter with Microprocessor Interface ......... " 

8115, Complete 12-Bit NO Converter with Microprocessor Interface ........... . 

8-Bit High Speed Digital-to-Analog Converters ........................... , . 

High Speed Monolithic Digital-to-Analog Converter ..•...................... 

l2-Bit Low Cost Monolithic Digital-to-Analog Converter .................... . 

High Performance Monolithic 12-Bit Digital-to-Analog Converter ............ . 

Wide Temperature Range Monolithic 12-Bit Digital-to-Analog Converter ...... . 

High Speed, 12-Bit Low Cost Monolithic Digital-to-Analog Converter ......... . 

l6-Bit Digital-to-Analog Converter ....................................... . 
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Analog Product Listing 

Analog-to-Digital Converters 
HI-574A 
HI-674A 
HI-774 

Fast, Complete 12-Bit A/D Converter with Microprocessor Interface .......... . 
12f.ls, Complete 1 2-Bit A/D Converter with Microprocessor Interface .......... . 
8f.ls, Complete 12-BitA/D Converter with Microprocessor Interface ........... . 

Digital-to-Analog Converters 
HI-562A 
HI-565A 
HI-5618A/5618B 
HI-5660/5660A 
HI-5680 
HI-5685/5685A 
HI-5687 
HI-5690V /95V /97V 
HI-DAC16B/DAC16C 

Multiplexers 

12-Bit High Speed Monolithic Digital-to-Analog Converter .................. . 
High Speed Monolithic Digital-to-Analog Converter with Reference ........... . 
8-Bit High Speed Digital-to-Analog Converters ............................ . 
High Speed Monolithic Digital-to-Analog Converter ........................ . 
12-Bit Low Cost Monolithic Digital-to-Analog Converter .................... . 
High Performance Monolithic 1 2-Bit Digital-to-Analog Converter ............ . 
Wide Temperature Range Monolithic 12-Bit Digital-to-Analog Converter ...... . 
High Speed, 12-Bit Low Cost Monolithic Digital-to-Analog Converter .......... . 
16-Bit Digital-to-Analog Converter ...................................... . 

SINGLE 8/DIFFERENTIAL 4 CHANNEL: 

HI-508/509 
HI-508A/509A 

HI-518 
HI-548/549 

HI-1 81 8A/1828A 

Single 8/Differential4 Channel CMOS Analog Multiplexers .................. . 
Single 8/Differential4 Channel CMOS Analog Multiplexers with .............. . 
Active Overvoltage Protection 
8 Channel/Differential 4 Channel CMOS High Speed Analog Multiplexer ...... . 
Single 8/Differential4 Channel CMOS Analog Multiplexers with .............. . 
Active Overvoltage Protection 
Low Resistance Single 8/Differential4 Channel ............................ . 
CMOS Analog Multiplexers 

SINGLE 16/DiFFERENTIAL 8 CHANNEL: 

HI-506/50? 
HI-506A/507A 

HI-516 
HI-546/54? 

4 CHANNEL: 

Single 16/Differential 8 Channel CMOS Analog Multiplexers ................. . 
Single 16/Differential8 Channel CMOS Analog Multiplexers with ............. . 
Active Overvoltage Protection 
16 Channel/Differential 8 Channel CMOS High Speed Analog Multiplexer ..... . 
Single 16/Differential 8 Channel CMOS Analog Multiplexers with ...... . 
Active Overvoltage Protection 
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6-51 
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4-16 
4-23 

4-34 
4-59 

4-65 

4-4 
4-10 

4-29 
4-53 

HI-524 
HI-539 

4 Channel Wideband and Video Multiplexer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-39 
Monolithic,4 Channel, Low Level, Differential Multiplexer. . . . . . . . . . . . . . . . . . . . . 4-44 

Operational Amplifiers: High Slew Rate 

SINGLES: 

HA-2500/02/05 
HA-2510/12/15 
HA-2520/22/25 
HA-2529 
HA-2539 
HA-2540 
HA-2541 
HA-2542 
HA-2544 
HA-2620/22/25 
HA-5101/11 
HA-5147 
HA-5160/5162 
HA-5190/95 

Precision High Slew Rate Operational Amplifiers ........................... . 
High Slew Rate Operational Amplifiers .................................... . 
Uncompensated High Slew Rate Operational Amplifiers ..................... . 
Uncompensated, High Slew Rate High Output Current, Operational Amplifier .. . 
Very High Slew Rate Wideband Operational Amplifier ....................... . 
Wideband, Fast Settling Operational Amplifier .............................. . 
Wideband, Fast Settling, Unity Gain Stable, Operational Amplifier ............. . 
Wideband, High Slew Rate, High Output Current Operational Amplifier ........ . 
Video Operational Amplifier .............................................. . 
Very Wideband, Uncompensated Operational Amplifiers .................... . 
Low Noise, High Performance Operational Amplifiers ....................... . 
Ultra-Low Noise, PreCision, High Slew Rate, Wideband Operational Amplifier .. . 
Wideband, JFET Input, High Slew Rate, Uncompensated, Operational Amplifier . 
Wideband, Fast Settling Operational Amplifier .............................. . 
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Analog Product Listing (Continued) 

Operational Amplifiers: High Slew-Rate: (Continued) 

DUALS: 

PAGE 

HA-5112 Dual, Low Noise, High Performance Operational Amplifiers ................... 2-133 

QUADS: 

HA-2400/04/05 PRAM Four Channel Programmable Amplifiers ......•....................... 2-9 
2-13 
2-133 

HA-2406 Digitally Selectable Four Channel Operational Amplifier .•.................... 
HA-5114 Quad, Low Noise, High Performance Operational Amplifiers .. , .............. . 

Operational Amplifiers: Wide Bandwidth 

SINGLES: 

HA-2510/12/15 
HA-2520/22/25 
HA-2539 
HA-2540 
HA-2541 
HA-2542 
HA-2600/02/05 
HA-2620/22/25 
HA-5111 
HA-5137 
HA-5147 
HA-5160/62 
HA-5190/95 

DUALS: 

HA-5112 

QUADS: 

HA-2400/04/05 
HA-2406 
HA-5114 

High Slew Rate Operational Amplifiers .................................... . 
Uncompensated, High Slew Rate Operational Amplifiers ..................... . 
Very High Slew Rate, Wideband Operational Amplifier ....................... . 
Wideband, Fast Settling Operational Amplifier .............................. . 
Wideband, Fast Settling, Unity Gain Stable, Operational Amplifier ............. . 
Wideband,High Slew Rate, High Output Current Operational Amplifier ........ . 
Wideband, High Impedance Operational Amplifiers ......................... . 
Very Wideband, Uncompensated Operational Amplifiers .................... . 
Single, Low Noise, High Performance Operational Amplifiers ................. . 
Ultra-Low Noise, Precision, Wideband Operational Amplifier ................. . 
Ultra-Low Noise, Precision, High Slew Rate, Wideband Operational Amplifier .. . 
Wideband, JFET Input, High Slew Rate, Uncompensated, Operational Amplifier . 
Wideband, Fast Settling Operational Amplifiers ............................. . 

Dual, Low Noise, High Performance Operational Amplifiers .................. . 

2-21 
2-25 
2-36 

2-42 
2-48 
2-55 
2-72 
2-77 
2-123 
2-163 
2-176 
2-190 
2-211 

2-133 

PRAM Four Channel Programmable Amplifiers. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-9 
Digitally Selectable Four Channel Operational Amplifier ................. . . . . . 2-13 
Quad, Low Noise, High Performance Operational Amplifiers .................. 2-133 

Operational Amplifiers: Precision 

HA-5127 
HA-5130/35 
HA-5134 
HA-5137 
HA-5147 
HA-5170 
HA-5177 Preliminary 
HA-5180 

Ultra-Low Noise, Preision Operational Amplifier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-142 
Precision Operational Amplifiers. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-149 
Precision Quad Operational Amplifier ... , ........ , . . . . . . . . . . . . . . . . . . . . . . . . . 2-156 
Ultra-Low Noise, Precision, Wideband Operational All1plifier . . . . . . . . . . . . . . . . . . 2-163 
Ultra-Low Noise, Precision, High Slew Rate, Wideband Operational Amplifier. . . 2-176 
Precision, JFET Input Operational Amplifier. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-197 
Ultra-Low Offset Voltage Operational Amplifier. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-202 
Low Bias Current, Low Power, JFET Input Operational Amplifier . . . . . . . . . . . . . . . 2-205 

Operational Amplifiers: Low Power 

SINGLES: 

HA-2720/25 
HA-5141 
HA-5151 

DUALS: 

HA-5142 
HA-5152 

QUADS: 

HA-5144 
HA-5154 

Wide Range Programmable Operational Amplifier .. . . . . . . . . . . . . . . . . . . . . . . . . . 2-90 
Single Ultra-Low Power Operational Amplifiers. . . . . . . . . . . . . . . . . . • . . . . . . . . . . . 2-170 
Single Low Power Operational Amplifiers.. . . .. .. .. . .. . . .. . .. .. . .. .. . .. .. . .. 2-183 

Dual Ultra-Low Power Operational Amplifiers. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-170 
Dual Low Power Operational Amplifiers .................................... 2-183 

Quad Ultra-Low Power Operational Amplifiers ......................... . . . . . 2-170 
Quad Low Power Operational Amplifiers .............. , ................. , . . . 2-183 
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Analog Product Listing (Continued) 

Operational Amplifiers: General Purpose 
SINGLES: 

HA-2S00/2S 
HA-2600/02/0S 
HA-S101/S111 

DUALS: 

HA-S102 
HA-S112 
HA-26S0/SS 

QUADS: 

HA-2400/04/0S 
HA-2406 
HA-4741 
HA-S104 
HA-S114 

Precision, High Slew Rate Operational Amplifiers ........................... . 
Wideband, Hig~ Impedance Operational Amplifiers ......................... . 
Single, Low Noise, High Performance Operational Amplifiers ................. . 

Dual, Low Noise, High Performance Operational Amplifiers .................. . 
Dual, Low Noise, High Performance Operational Amplifiers .................. . 
Dual High Performance Operational Amplifier .............................. . 

PRAM Four Channel Programmable Amplifiers ............................. . 
Digitally Selectable Four Channel Operational Amplifier ..................... . 
Quad Operational Amplifier .............................................. . 
Quad, Low Noise, High Performance Operational Amplifiers ................. . 
Quad, Low Noise, High Performance Operational Amplifiers ................. . 

Operational Amplifiers: High Voltage 

HA-2640/4S High Voltage Operational Amplifiers ....................................... . 

Operational Amplifiers: Addressable 

HA-2400/04/0S 
HA-2406 

PRAM Four Channel Programmable Amplifiers ............................. . 
Digitally Selectable Four Channel Operational Amplifier ..................... . 

Operational Amplifiers: Current Buffers 
HA-S002 
HA-S033 

Comparators 

HA-4900/02/0S 

Switches 
SPST: 

HI-S040 

2xSPST: 

HI-200 
HI-300 
HI-304 
HI-381 
HI-S041 
HI-S048 

4xSPST: 

HI-201 
HI-201HS 

SPOT: 

HI-301 
HI-30S 
HI-387 
HI-S042 
HI-S050 

Monolithic, Wideband, High Slew Rate, High Output Current Buffer ........... . 
Video Buffer ........................................................... . 

Precision Quad Comparator ........ ' ..................................... . 

CMOS Analog Switches ................................................. . 

Dual SPST CMOS Analog Switch ......................................... . 
CMOS Analog Switches ................................................. . 
CMOS Analog Switches ................................................. . 
CMOS Analog Switches ................................................ .. 
CMOS Analog Switches ................................................. . 
CMOS Analog Switches ................................................ .. 

Quad SPST CMOS Analog Switch .......•................................. 
High Speed Quad SPST CMOS Switch .................................... . 

CMOS Analog Switches ................................................. . 
CMOS Analog Switches ................................................. . 
CMOS Analog Switches ..........................•....................... 
CMOS Analog Switch~ ................................................. . 
CMOS Analog Switches ................................................. . 
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Switches (Continued) 

2 x SPOT: 

HI-303 
HI-307 
HI-390 
HI-5043 
HI-5051 

DPST: 

HI-5044 

2xDPST: 

HI-302 
HI-306 
HI-384 
HI-5045 
HI-5049 

DPDT: 

HI-5046/46A 

4PST: 

HI-5047/47A 

Analog Product Listing (Continued) 
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Ordering Information 
Harris products are designated by a "Harris Product Code." 
The codes always begin with the letter "H", and the 
numbers which identify specific devices are separated by 

hyphens. An example of a product code is shown below. 
When ordering, please refer to products by their full code 
identification. 

HARRIS PRODUCT CODE EXAMPLE 
H I 7 5147 5 

T T -r- PA~ER T 
TEMPERATURE: 

--------------' 2 -550C to +1250C 

PREFIX: 
H (HARRIS) 

FAMILY: 
A 
C 
o 
F 
I 
M 
V 

Analog 
Communications 
Digital 
Fillers 
Interface 
Memory 
Analog High Voltage 

PACKAGE: ------------~ 
1 
2 
3 
4 
4P: 
7 
o : 

Dual-In-Line Ceramic 
Metal Can 
Dual-In-Line Plastic 
Ceramic Leadless Chip Carriers (LCC) 
Plastic Leaded Chip Carriers (PLCC) 
Mini-DIP, Ceramic 
Chip Form 

COMMERCIAL AND INDUSTRIAL PRODUCTS 

Harris Semiconductor offers a variety of product grades 
to satisfy your system requirements. These grades are 
differentiated in four areas: 

1) Operating Temperature Range 

2) Electrical Performance 

3) Package Type 

4) Additional Screening Tests 

Parts are marked with appropriate prefix and suffix 
designations, as illustrated in the Product Code Example. 
The information contained in this data book is intended to 
describe the expected product performance under the 
specified operating conditions for each temperature and 
performance grade. 

Device testing sufficient to assure conformance is 
performed to provide the highest quality in the most cost­
effective manner. These products are available worldwide 
from authorized distributors. 

SPECIAL ORDERS 

For those customers wishing additional screening (burn-in, 
etc.), Harris offers the DASH 7 screening program 
(described in Section 9). If additional electrical parameter 
guarantees for reliability screening are absolutely required, 
a Request For Quotation and Source Control Drawing 
should be submitted through the local Harris SaleS Office or 
Sales Representative. Harris reserves the right to decline to 
quote on, or to request modification to, special screening 
requirements. 

Harris application engineers may be consulted for informa­
tion concerning the suitability of a product for a given 
application. 

4 -250C to +850C 
500C to +750C 
6 100% +250C Probe (Dice Only) 
7 Dash-7 High Reliability Commercial 

Product OOC to + 750 C, 
Includes 96 hour Burn-In 

8 : Dash-8 Program, Hi-Rei Processing 
with Burn-In, -550C to +12SoC 

/883: Full Compliance to MIL-STD-883 

Special High Temperature Testing Available on Certain 
Product Types. Consult Factory for Availability. 

MILITARY PRODUCTS 

Harris offers a full line of products that are processed in full 
conformance to the provisions of military standards, 
including MIL-STD-883C for Class 8 parts. The require­
ments for these products are controlled in one of two ways: 

1. Government standards (such as JAN Slash Sheets, 
Standard Military Drawings (SMDs), or 8S9OO0; 

2. Harris Standards. 
The Harris Standard Military Products Program is based 
on our experience in the JAN program. JAN certification 
is maintained on our production and Product Assurance 
operations and forms the basis of our MIL-STD-883 
conformance program. These areas are regu.larly audited by 
Harris and by the U.S. government to assure compliance. 

Selected products have been qualified to the MIL-M-3851 0 
requirements and are listed on the QPL. There are also a 
number of Harris parts which are specified by SMDs. In 
addition, Harris offers many products as fully conformant to 
MIL-STD-883 via an internal standards program. 

The information in this data book is intended to describe the 
expected part behavior under certain operating conditions. 
The product descriptions, particularly in the area of electri­
cal performance, do not precisely reflect those of our JAN 
qualified, SMD, 8S9OO0, or MIL-STD-883 compliant 
products and are not necessarily test requirements for 
Harris military standard compliant products. 

The actual product test requirements for JAN and SMD 
parts are described in the appropriate MIL -M-3851 0 slash 
sheet or SMD. In addition, Harris issues product data sheets 
for MIL-STO-883 compliant parts which describe actual 
test requirements. These compliant products are identified 
by a "/883" suffix On the part number (e.g., HX1-XXXX/ 
883). "'lease contact the factory or your local Harris Sales 
Office or Representative for details. 
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IC Handling Procedures 
Harris Analog IC processes are designed to produce the 
most rugged products on the market. However, no 
semiconductor is immune from damage resulting from the 
sudden application of many thousands of volts of static 
electricity. While the phenomenon of catastrophic f,ailure of 
devices containing MaS transistors or capacitors is well 
known, even bipolar circuits can be damaged by static 
discharge, with altered electrical properties and diminished 
reliability. None of the common IC internal protection 
networks operate quickly enough to positively prevent 
damage. 

It is suggested that all semiconductors be handled, tested, 
and installed using standard "MaS handling techniques" of 
proper grounding of personnel and equipment. Parts and 
subassemblies should not be in contact with untreated 
plastic bags or wrapping material. High impedance IC 
inputs wired to a P.C. connector should have a path to 
ground on the card. 

HANDLING RULES 

Since the introduction of integrated circuits with MaS 
structures and high quality junctions, a safe and effective 
means of handling these devices has been of primary 
importance. One method employed to protect gate oxide 
structures is to incorporate input protection diodes directly 
on the monolithic chip. However, there is no completely 
foolproof system of chip input protection in existence in the 
industry. In addition, most compensation networks in linear 
circuits are located at high impedance nodes, where protec­
tion networks would disturb normal circuit operation. If 
static discharge occurs at sufficient magnitude (2kV or 
more), some damage or degradation will usually occur. It 
has been found that handling equipment and personnel can 
generate static potentials in excess of 10kV in a low 
humidity environment. Thus it becomes necessary for addi­
tional measures to be implemented to eliminate or reduce 
static charge. It is evident, therefore, that proper handling 
procedures or rules should be adopted. 

Elimination or reduction of static charge can be accom­
plished as follows: 

• Use conductive work stations. Conductive plastic' mats 
on work benches and floor, connected to ground 
through a 1 MO resistor, help eliminate static build-up 
and discharge. Do not use metallic surfaces. 

• Ground all handling equipment. 

• Ground all handling personnel with a conductive brace­
let through 1 MO to ground (the 1 MO resistor will 
prevent electroshock injury to personnel)., Transient 
product personnel should wear grounding heel straps. 

• Smocks, clothing, and especially shoes of certain 
insulating materials (notably nylon) should not be worn in 
areas where devices are handled. These materials, high­
ly dielectric in nature, will hold, or aid in the generation 
of a static charge. Where they cannot be eliminated, 
natural materials such as cotton should be used to mini­
mize charge generation capacity. Conductive smocks 
are also available as an alternative. 

• Control relative humidity to as high a level as practical. 
50% is generally considered sufficient. (Operations 
should cease if R.H. falls below 25%). 

• Ionized air blowers reduce charge build-up in areas 
where grounding is not possible or practical. 

• Devices should be in conductive carriers during all 
phases of transport. Leads may be shorted by tubular 
metallic carriers, conductive foam, or foil. 

• In automated handling equipment, the belts, chutes, or 
other surfaces should be of conducting non-metal mate­
rial. If this is not possible, ionized air blowers or 
ionizing bars may be a good alternative. 

* Supplier 3M Company 
"Static Control Table Mat 821 0/821 OR" 

"Static Control Floor Mat 8200/8200R" 

Harris Analog IC Technologies 
JUNCTION ISOLATION (JI) 

Although it is the most common integrated circuit process, 
Harris offers only a limited number of products, such as the 
HA-4741, using JI technology. Latchup and other problems 
have made the Harris Dielectric Isolation (01), process, 
described below, more reliable. 

Bipolar ICs using the JI process generally begin with a 
p-type wafer into which a buried layer pattern can be first 
diffused. Next the n-type epitaxial layer is grown, and 
p-type isolation walls are diffused around each area to be 
electrically isolated from the other circuitry. These isolation 

walls must be diffused deeply into the wafer in order 
to contact the original p-substrate. In operation; the 
p-substrate and isolation walls are connected to the 
most negative circuit potential, so that each active area 
is surrounded on the sides and bottom by a reverse 
biased junction through which negligible current flows 
(Figure 1). 

To complete the IC, base and emitter diffusions are 
performed, the wafer is coated with aluminum, and the 
conductor pattern is etched. 
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DIELECTRIC ISOLATION (DI) 

Harris has developed a different process which has many 
advantages over JI for fabricating high performance analog 
ICs. With Oielectric Isolation (01), each active area is sur­
rounded on the sides and bottom by an insulating layer of 
silicon dioxide and embedded in polycrystalline silicon for 
mechanical strength. 

For bipolar ICs, the process begins with a wafer of n-type 
silicon. The side of the wafer which will eventually be the 
bottom is deeply etched to form the sidewall pattern. Silicon 
dioxide and polycrystalline silicon are grown to fill the 
etched "moats." The opposite side of the wafer is then 
polished until the insulating sidewalls appear at the wafer 
surface (Figure 2). Conventional diffusion and metallization 
processes follow to complete the IC. 

ICs fabricated under the 01 process are superior in the 
following ways. 

1. Almost all op amp designs require at least one PNP tran­
sistor in the signal path. Typical JI op amps must use a 
lateral PNP with its inherent very low frequency 
response, thus limiting typical compensated bandwidth 
to 1MHz. 

The 01 process makes it practical to build a vertical PNP, 
allowing compensated op amp bandwidths of 12M Hz, or 
higher (Figure 3). Also, transistor collector to substrate 
capacitance is 2/3 less using 01, further enhancing high 
frequency performance. 

(a) 

BURIED LAVER 
BASE ~ 

EMITTER 

2. Other devices, such as optimally specified MOS or JFET 
transistors may be fabricated on the same chip. Isolated 
diffused and thin film resistors are also practical. 

3. The isolation removes the possibility of parasitic SCRs 
which might create latchup under certain sequences of 
power and signal application. 

4. Leakage currents to the substrate under high tempera­
ture conditions are greatly reduced. Although the circuits 
described in this data book were not specifically 
designed for operating temperatures greater than 
+1250 C, many have shown superior performance. For 
ICs requiring the ultimate in radiation resistance, Harris 
Semiconductor Custom Integrated Circuits Division 
should be consulted. 

DIELECTRIC ISOLATED CMOS 

JI processed CMOS analog ICs, which are generally used 
in conjunction with several power supplies, are particularly 
prone to parasitic SCR latchup failures as well as failures 
due to input voltage spikes. The 01 CMOS process 
(described in detail in Harris Application Note 521) has 
proven to be the best solution. 

Since analog multiplexers are often used at the input of a 
data acquisition system, particular attention must be paid to 
the possibility of damaging input overvoltage conditions. 
Harris has provided an effective answer in the HI-546 
through HI-549 multiplexers with built-in overvoltage pro­
tection. 

Dark areas denote contact aperatures 
for alummum metalll~ation 

PLATE 1 
PLATE 2 (All 

(b) NPN 
TRANSISTOR 

LATERAL PNP SUBSTRATE PNP MOS DIFFUSED 
RESISTOR TRANSISTOR TRANSISTOR CAPACITOR 

N+ P N+ N' N' 

',.:.:.:.:.:.:.;! ISOLATION DIFFUSION 
P SUBSTRATE 

III!IIII!III N+ BURIED LAYER 

FIGURE 1. STRUCTURES OF VARIOUS COMPONENTS FORMED IN THE JUNCTION-ISOLATION PROCESS. 
(a) TOPOLOGICAL VIEW. (b) CROSS-SECTIONAL VIEW. 
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N-TVPE SUBSTRATE 

(a) 

N+ 

(b) 

(c) 

r~ 
(d) 

(e) 

(f) 

LAPPING 
PLANE 

(g) 

(h) 

FIGURE 2. PROCESS STEPS FOR DIELECTRIC ISOLATION. la) SURFACE PREPARATION, Ib) N-BURIED LAYER 
DIFFUSION, Ic) MASKING OXIDE, Id) ISOLATION PATTERN, Ie) SILICON ETCH, If) DIELECTRIC OXIDE, 
Ig} POLYCRYSTALLINE DEPOSITION, Ih) BACKLAP AND POLISH, II) FINISHED SLICE. 

, (a) 

EMITTER 
CONTACT 

(b) EMITTER 
REGION 

BASE 
REGION 

(c) 

P BURl ED LAVER 

POL VCRVSTALLINE SUBSTRATE 

COLLECTOR 
CONTACT 

ISOLATION ISLAND 
(COLLECTOR) 

BURIED 
LAVER 

P COLLECTOR 
CONTACT 

P EMITTER 

FIGURE 3. THE HIGH-FREQUENCY PROCESS. la) CROSS-SECTIONAL VIEW OF P AND N ISLANDS FOR PNP AND NPN 
TRANSISTORS. Ib} TOPOLOGICAL VIEW SHOWING RELATIVE PLACEMENT OF TRANSISTOR REGIONS. 
Ic) CROSS-SECTIONAL VIEW OF HIGH- FREQUENCY PNP DEVICE FORMATION IN THE D.I. PROCESS. 
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Competitive Cross Reference Chart 

Harris Pin-fo .... Pin Harris Closest Harris 
Manufacturer Part Number Replacement Replacement Advantages 

AMD AM118 HA-2510 Unity gain stable 
AM1408 HI-5618-5 Faster, application resistors 
AM1508 HI-5618-2 Faster, application resistors 
AM318 HA-2515 Unity gain stable 
AM6012 HI-562A Faster, application resistors, into linearity 

HI-5660 Int. linearity, application resistors 
AM6420 HA-5320 

HA-5330 
LF198 HA-2420 Improved performance 
LF398 HA-2425 Improved performance 
5551408 HI-5618-5 Faster, application resistors 
5551508 HI-5618-2 Faster, application resistors 

ANALOG DEV 52 HA-5180 Monolithic 
AD1408 HI-5618-5 Faster, application resistors 
AD1508 HI-5618-2 Faster, application resistors 
AD380,AD382 HA-2542 Monolithic 
AD381 HA-2541 Monolithic 
AD389 HA-5320 Faster, monolithic 
AD507 HA-2620 Identical 
AD509 HA-2520 HA-2529 Identical 
AD515 HA-5180 Monolithic 
AD518 HA-2510 
AD542L HA-5170 Better AC 
AD545 HA-5180 Monolithic 
AD547J HA-5170 Better AC 
AD562 HI-562A Faster 

HI-5660 Faster 
AD563 HI-565A Faster 
AD565 HI-565A Faster 
AD565A HI-565A 
AD566 HI-5660 

HI-562 
AD566A HI-5660 

HI-562A 
AD574A H 1-5 7 4A. H 1-67 4A Digital timing, 674A is 2.3 times faster 
AD582 HA-2425 Acquisition time 
AD583K HA-2425-5 Identical 
AD585 HA-5320/HA-5330 Faster, better accuracy 
AD667 HI-5B11 
AD7501 HI-50B 01 process 
AD7502 HI-1 B2BA 01 process 
AD7503 HI-1B1BA 01 process 
AD7506 HI-506 01 process 
AD7507 HI-507 DI process 
AD7511 HI-201 
AD7512 HI-5043 
ADADCBO HI-574A Power, smaller pkg. 

HI-674A Faster, power, smaller pkg. 
ADADC84/85 HI-674A Power, smaller pkg. 
ADDACOB HI-561B Faster, application resistors 
DACBO HI-56BO,HI-5690 5690 is 2.67 times faster 
DACB5 HI-56B5,HI-5695 5695 is 2.67 times faster 
DAC B7 HI-56B7,HI-5697 5697 is 2.67 times faster 
ADG200 HI-2oo 
ADLHOO32 HA-5190, HA-2542 Monolithic 
HOS050 HA-2542 Monolithic 
H051 00 HA-5033 Monolithic 

ANALOGIC MN470B HI-50B 
HI-1B1BA 

MP1B12A HI-56BOV Faster, monolithic, power, smaller pkg. 
MP250M HA-2420/25 Faster, monolithic, smaller 
MP260 HA-2420/25 Monolithic, smaller pkg. 
MP261 HA-2420 Monolithic, smaller pkg_ 
MP270/271 HA-5320 Monolithic, smaller pkg. 

BECKMAN 7556 HI-574A Faster, smaller pkg. 
7580 HI-5690 HI-56BO Faster, monolithic 

BURR-BROWN 3500 HA-2600 Better AC 
3503 HA-2505 Identical 
3506 HA-2605 Identical 
3507 HA-2525 HA-2529 Identical 
3508 HA-2625 Identical 
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Competitive Cross Reference Chart (Continued) 

Harris Pin-tor-Pin Harri. C/osaat Harris 
Manufacturer Part Number Replacament Replacement Advantage. 

BURR-BROWN 3521 HA-5170 Better AC 
(conI.) 3523 HA-5180 Better AC 

3527 HA-5180 Better AC and DC 
3528 HA-51BO Better AC 
3550 HA-2541 Monolithic 
3553 HA-5033 Monolithic 
'3554 HA-2542 Monolithic 
ADCBO HI-574A Smaller pkg .• power 

HI-674A Faster. smaller pkg .. power 
ADC84/85 HI-674A Smaller pkg .. power 
DAC70 HI-DAC16 Faster, monolithic 
DAC7OO/701 HI-DAC16 
DAC702/703 HI-DAC16 
DAC71/72 HI-DAC16 Monolithic. "I" output 
DACBO HI-5680.HI-5690 Faster, monolithic, power 
DACBOO HI-5680.HI-5690 5690 is 3.33 times faster. lower power 
DAC811 HI-5811 
DACB5 HI-5685.HI-5695 Faster, monolithic, power 
DACB50 HI-5685.HI-5695 5695 is 3.33 times faster. lower power 
DAC851 HI-5687.HI-5697 5697 is 3.33 times filster. lower power 
DAC87 HI-5687.HI-5697 Faster, monolithic, power 
MPC16S HI-546-5 Identical 
MPC4D HI-549-5 Identical 
M PCBOO KG HI-516-5 Identical 
MPC801KG HI-518-5 Identical 
MPCBOISG HI-518-2 Identical 
MPCBD HI-547-5 Identical 
MPCBS HI-548-5 Identical 
OPAl 03 HA-5180 Better AC 
OPAl 04 HA-5180 
OPAll HA-2600 
OPA21 HA-5141.HA-5151 
OPA27 HA-5127 
OPA37 HA-5137.HA-5147 
OPA600 HA-2542 
OPA633 HA-5033 
SCH298AM HA-2425 Improved performance 
SCH80/85 HA-2425 Faster, monolithic, power 
SHC85ET HA-2420 Faster, monolithic. power 
SHM60 HA-5320 Monolithic. smaller pkg. 
ADC574A HI-574A Identical 
ADC674A HI-674A Identical 
SHC5320 HA-5320 Identical 

DATA DEVICE ADH051 HA-5330 Monolithic. smaller pkg .. power 
CORP. ADH8585 HI-674A Smaller pkg .• power 

DDC5200 HI-574A Faster 
DDC521O/11 HI-674A 
DDC5212/16 HI-674A 
DDCADC85 HI-674A Smaller pkg .. power 
DDCDAC85 HI-5680.HI-5690 Faster. smaller pkg .. power 
DDCDAC85lD HI-5685.HI-5695 Monolithic. power 
DDCDAC87 HI-5687.HI-5697 Monolithic. power. 5697 is 3.33 times faster 
DGL13 HA-5320 Monolithic. smaller pkg .. power 
THC4460 HA-5320 Monolithic. smaller pkg. 

DATEl ADC52XX HI-674A Lower power 
ADC574A HI-574A,HI-674A Identical. 674 is 1.67 times faster 
ADCB412 HI-674A Smaller pkg. power 
ADCB5C12 HI-674A Smaller pkg .• power 
ADCB712 HI-674A Smaller pkg .. power 
ADCHX12B HI-574A Smaller pkg .. power 

HI-674A Faster. smaller pkg .. power 
ADCl12B2 HI-574A Smaller pkg. 

HI-674A Faster. smaller pkg. 
ADCM12B2 HI-674A Smaller pkg. 
ADCMA12B2A HI-574A Faster. smaller pkg. 
ADCMA12B2B HI574A Smaller pkg. 

HI-674A Faster. smaller pkg. 
AM450 HA-2505 
AM452 HA-2525 HA-2529 
AM460 HA-2605 
AM462 HA-2625 
AM464 HA-2645 
DAC08B HI-561B Faster, application resistors 
DAC562 HI-562A Identical 
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Manufacturer 

DATEL (conI.) 

ELANTEC 

EXAR 

FAIRCHILD 

FAIRCHILD 

HITACHI 

Competitive Cross Reference Chart (Continued) 

Harris Pi ... fo,..Pin Harris Closest Harri. 
Part Number Replacement Replacement Advantage. 

DAC7l/72 HI-DAC16 Monolithic 
DAC85 HI-5685,HI-5695 Faster. monolithic, power 
DACB5C HI-5680,HI-5690 Monolithic, power, 5690 is 2 times faster 
DACB7 HI-5687,HI-5697 Faster, monolithic, power 
DACHP168 HI-DAC16 Monolithic 
DACHR168 HI-DAC16 Monolithic, smaller pkg. 
DACHZ128 H 1-5690/95/97 H 1-5680/85/87 Faster, monolithic 
DACIC10B HI-5610 Faster, application resistors 
DACICBB HI-5618 Faster. application resistors 
MVl606 HI-506 Identical 
MV808 HI-18l8A Identical 
MVD409 HI-1828A Identical 
MVD807 HI-507 Identical 
MXl606 HI-546 Identical 
MX16l6 HI-5l6 Identical 
MX808 HI-548 Identical 
MX818 HI-518 Identical 
MXD409 HI-549 Identical 
MXD807 HI-547 Identical 
SHM1C-l HA-2425 Identical 
SHM1C-1M HA-2420 Identical 
SHM20 HA-5320 Identical 
SHM6M HA-5320 Monolithic, smaller pkg. 

HA-5330 Faster, monolithic, smaller pkg. 
SHM9M HA-2420 Faster, monolithic, smaller pkg. 
SHMLM-2 HA-2420 Faster 

EHA2500 HA-2500 
EHA2502 HA-2502 
EHA2505 HA-2505 
EHA2510 HA-2510 
EHA2512 HA-2512 
EHA2515 HA-2515 
EHA2520 HA-2520 
EHA2522 HA-2522 
EHA2525 HA-2525 
EHA2600 HA-2600 
EHA2602 HA-2602 
EHA2605 HA-2605 
EHA2620 HA-2620 
EHA2622 HA-2622 
EHA2625 HA-2625 
ELHOOO2 HA-5002-2 Monolithic 
ELHOOO2C HA-5002-5 Monolithic 
ELHOO33 HA-5033-2 Monolithic 
ELHOO33C HA-5033-5 Monolithic 
ELH0041 HA-2542-2 Monolithic 
ELH0041C HA-2542-5 Monolithic 

XR4212 HA-474l 
XR3417 Lower power 
XR3418 HC-55536 or Fewer external components 
XR3517 HC-55564 Military pkg. 
XR3518 

p.A{J80 1 /02 HI-5618 Faster, application resistors 
!lA1458 HA-5102 Better AC, lower noise 
!lA1558 HA-5102 Better AC, lower noise 
!lA198 HA-2420 Improved periormance 
!lA398 HA-2425 Improved performance 
!lA565 HI-565A 
!lA702 HA-2620 
!lA709 HA-2620 
!lA714 HA-5135 8etter DC 
!lA715 HA-2520,HA-2529 BetterAC 
!lA727 HA-5l35 Better DC 
!lA740 HA-5170 Better AC 
!lA741 HA-2600 Better AC 
!lA747 HA-5l02 lower noise 
!lA748 HA-2600 BetterAC 
!lA776 HA-2720 Better AC, lower noise 

HA17408 HI-56l8 Faster. application resistors 
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Competitive Cross Reference Chart (Continued) 

Harris Pin-for-Pin Harris Claaat Harris 
Manufacturer Part Number Replacernant Replacement Advantages 

HYBRID ADC550 HI-574A Faster. smaller pkg .• power 
SYSTEM ADC581 HI-574A 

HI-674A Faster 
DAC3281-16 HI-DACI6 Monolithic. smaller pkg. 
DAC335-12 HI-5687V Faster, monolithic 
DAC346C-12 HI-5680V Faster. monolithic 
DAC347lP-12 HI-5687V Faster. monolithic 
DAC372 HI-5680 Monolithic 
DAC3721-8 HI-5618 Faster. monolithic 
DAC395-8 HI-5618 Monolithic. smaller pkg. 
HS346 HA-5320 Faster. monolithic 
HS5200 HI-674A 
HS574 HI-574A.HI-674A Digital timing. 674 is 2 times faster 
HS730 HA-5320 Monolithic. smaller pkg. 

HA-5330 Faster. monolithic. smaller pkg. 
HSDACBO HI-5680.HI-5690 Faster. monolithic. power. 5690 is 5.56 times faster 
HSDACB7 HI-5687.HI-5697 Faster, monolithic, power 
MUX201 HI-1818A Lower power. smaller pkg. 
SH725 HA-2420 Faster. monolithic, smaller pkg. 

INTECH 10488IN-P HI-574A Smaller pkg .• power 
HI-674A Faster. smaller pkg .. power 

41681N HI-DACI6 Smaller pkg. 
A3103 HI-674A Smaller pkg .. power 
A3155 HI-574A Smaller pkg .• power 

HI-674A Faster. smaller pkg .. power 
AS80/88Q-2 HA-5320 Faster, monolithic, power 
AS81 HA-5320 Monolithic. smaller pkg .. power 
AS82/884 HA-2420/25 Faster, monolithic, power 
ADClll HI-574A Smaller pkg .. power 

HI-674A Faster. smaller pkg .• power 
ADC2812 HI-547A Smaller pkg .. power 

HI-674A Faster. smaller pkg .• power 
ASH240/250 HA-2420/25 Monolithic. smaller pkg .. power 
ASH271 HA-5320 Monolithic. smaller pkg .. power 
CYAAD12QM HI-574A Smaller pkg .. power 

HI-674A Faster. smaller pkg .• power 

INTEL 02912 HC-5512 Lower power. lower noise 
D2912A HC-5512 Lower power. lower noise 

HC-5512A/12D Lower power. lower noise 
SBC 86/05 H8Q-986C05 CMOS micro components. lower 
NMOS power 16K static RAM w/full mercury back-up 

INTERSll DG200 HI-2oo Dielectric Isolation 
DG201 HI-201 Dielectric Isolation 
ICl7541 Identical 
ICl7611 HA-5141 Lower noise 
ICl7615 HA-5141 Better AC. lower noise 
ICl7621 HA-5142 Better AC. lower noise 
ICl7642 HA-5144 8etter AC. lower noise 
ICLB017 HA-2520.HA-2529 
ICLB021 HA-5141 Better AC 
ICLB075 
ICLB211 
IH201 HI-201 More stable over temp. 
IH5040 HI-5040 More stable over temp. 
IH5041 HI-5041 More stable over temp. 
IH5042 HI-5042 More stable over temp. 
IH5043 HI-5043 More stable over temp. 
IH5044 HI-5044 More stable over temp. 
IH5045 HI-5045 More stable over temp. 
IH5046 HI-5046 More stable over temp. 
IH5047 HI-5047 More stable over temp. 
IH5048 HI-5048 More stable over temp. 
IH5049 HI-5049 More stable over temp. 
IH5050 HI-5050 More stable over temp. 
IH5051 HI-5051 More stable over temp. 
IH5108 HI-548 Signal range. same pinout 
IH5110/11 HA-2420/25 
IH5112/13 HA-2420/25 
IH5114/15 HA-2420/25 
IH5200 HI-2oo Constant Ron 
IH5201 HI-201 Constant Ron 
IH5208 HI-509A Vin range, same pinout 
IH6108 HI-508 Ron. 01. same pinout 
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Competitive Cross Reference Chart (Continued) 

Harris Pin-fo .. Pin Harris Clo.est Harris 
Manufacturer Part Number Replacement Raplacement Advantage. 

INTERSIL IH6116 HI-506 Ron, 01, same pinout 
(cont) IH6208 HI-509 Ron. 01, same pinout 

IH6216 HI-507 Ron, 01, same pinout 
LM4250 HA-2720 Better AC, lower noise 

INTRONICS A-560 HA-2525,HA-2529 
A-561 HA-2625 

MAXIM MAX400M HA-5127-2 
MAX400C HA-5127-5 
MAX460M HA-5033-2 Lower noise, 01 
MAX460C HA-5033-5 Lower noise, 01 
863553 HA-5033 Monolithic, 01 
B63554 HA-2542 Monolithic, 01 
LHoo33 HA-5033 Monolithic 
OP07 HA-5130 Better AC - 01 
DG201A HI-201 Dielectric Isolation 
DG211 HI-201 Full Temperature Range Specified 
DG300A HI-3oo Dielectric Isolation 
DG301A HI-301 Dielectric Isolation 
DG302A HI-302 Dielectric Isolation 
DG303A HI-303 Dielectric Isolation 
DG304A HI-304 Dielectric Isolation 
DG305A HI-305 Dielectric Isolation 
DG306A HI-306 Dielectric Isolation 
DG307A HI-307 Dielectric Isolation 
,DG381A HI-381 Dielectric Isolation 
DG384A HI-384 Dielectric Isolation 
DG387A HI-387 Dielectric Isolation 
DG390 HI-390 Dielectric Isolation 
IH5040 HI-5040 Dielectric Isolation 
IH5041 HI-5041 Dielectric Isolation 
IH5042 HI-5042 Dielectric Isolation 
IH5043 HI-5043 Dielectric Isolation 
IH5044 HI-5044 Dielectric Isolation 
IH5045 HI-5045 Dielectric Isolation 
IH5046 HI-5046 Dielectric Isolation 
IH5047 HI-5047 Dielectric Isolation 
IH5048 HI-5048 Dielectric Isolation 
IH5049 HI-5049 Dielectric Isolation 
IH5050 HI-5050 Dielectric Isolation 
IH5051 HI-5051 Dielectric Isolation 
MAX358/359 HI-50BA/509A Wider input range, constant Ron, same pinout 

MICRO ADCBO HI-574A Smaller pkg" power 
NETWORKS HI-674A Faster, smaller pkg" power 

DACBO H 1-5680, H 1-5690 Monolithic, power, 5690 is 5.56 times faster 
DAC85 H 1-5685, H 1-5695 Monolithic, power, 5695 is 5.56 times faster 
DAC87 HI-5687,HI-5697 Monolithic, power, 5697 is 5.56 times faster 
MN-ADC84/85/87 HI-674A Smaller pkg" power 
MN3OO9 HI-5618 Monolithic 
MN3014 HI-5618 Monolithic 
MN3348 HI-5680V/87V Faster, monolithic, power 
MN3349 HI-5685V/87V Faster. monolithic 
MN343/344 HA-2420 Faster, monolithic 
MN346/347 HA-5320 Faster, monolithic 
MN370/371 HI-5687V Monolithic 
MN373 HA-5320 
MN375 HA-5330 Monolithic, lower power 
MN5200 HI-574A Faster 
MN5210 HI-674A Two chip design 
MN565A HI-565A 
MN574A HI-574A,HI-674A 674A is 2.3 times faster 

MICRO POWER MP200DI HI-2oo Constant Ron 
SYSTEMS MP201DI HI-201 Constant Ron 

MP5527 HA-5127 
MP5537 HA-5137 
MP562 HI-562A Faster 
MP574 HI-574A,HI-674A Digital timing, 674A is 2 times faster 
MP7501 HI-508 
MP7503 HI-1818A 
MP7502 HI-1828A 
MP7506 HI-506 01 processing 
MP7507 HI-507 01 processing 
MP7508DI HI-508 
MP7509DI HI-509 
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Competitive Cross Reference Chart (Continued) 

Harris Pin-far-Pin Harri. Closest Harris 
Manufacturer Part Number Replacement Replacement Advantages 

MITEL MT8912 HC-5512 lower noise. lower cross talk 

MOSTEK MK5912 HC-5512 Lower noise and power 

MOTOROLA LF155 HA-5170 Better DC 
LF155A HA-5170 Better DC 
LF156 HA-5170 Better DC 
LF156A HA-5170 Better DC 
LF157 HA-5160 Better OC 
LF157A HA-5160 Better DC 
LF355 HA-5170 Better DC 
LF355A HA-5170 Better DC 
LF356 HA-5170 Better DC 
LF356A HA-5170 Better DC 
LF357 HA-5160 Better DC 
LF357A HA-5160 Better DC 
MCl408 HI-5618-5 Faster, application resistors 
MC1430 HA-2600 8etterAC 
MC1431 HA-2600 BetterAC 
MC1436 HA-2640 8etter' AC and DC 
MC1458 HA-5102 Better AC. lower noise 
MC1508 HI-5618-2 Faster. application resistors 
MC1558 HA-5102 Better AC, lower noise 
MC1748 HA-2600 Better AC and DC 
MCl776 HA-5141 Better AC. lower noise 
MC34002 HA-5102 8etter AC 
MC34004 HA-51 04 Better AC 
MC3403 HA-4741 Better AC 
AD562A HI-562A 
MC3412 HI-565A 
MC3417 HC-55564 or Lower power. few extemal components. military pkg. 
MC3418 HC-55536 
MC3517 
MC3518 
MC3419 HC-5502A Better longitudinal balance. transhybrid loss. 

Fewer external components 
HC-5504 Better longitudinal balance. transhybrid loss 

Fewer external components 
MC35002 HA-5102 Better AC 
MC35004 HA-5104 BetterAC 
MC4741 HA-4741 8etter AC 

NATIONAL ADC1080/1280 HI-574A Smaller pkg .. lower power 
SEMICONDUCTOR HI-674A Faster. smaller pkg. power 

ADC1210/11 HI-574A Faster. complete AID 
BLC 86/05 H80-986CD5 CMOS micro components. lower power 16K static ram 

w/full mercury back-up 
DACD800/0102 HI-5618 Faster, application resistors 
DACDB06/07/08 HI-5618 Faster, application resistors 
DAC1200/01 HI-5685V/87V Faster, lower power 
DAC1265 HI-565A 
DAC1266 HI-5660 
DAC1280 HI-5680.HI-5690 Monolithic. performance. 5690 is 4.44 times faster 
DAC1285 HI-5685/87 Monolithic. performance. 5695/97 is 4.44 times faster 

HI-5695/97 
LFOO23/43 HA-2420 Monolithic, perfonnance 
LFOO53 HA-2420/25 Monolithic 

HA-5320 Faster, monolithic 
LFl1201 HI-201 
LFl1508 HI-508-2 Faster. Ron. power 
LFl1509 HI-509-2 Faster, Ron. power 
LF13201 HI-201 CMOS Dielectric Isolation 
LF13508 HI-508-5 Faster. Ron. power 
LF13509 Hi-509-5 Faster, Ron. power 
LF147 HA-51 04 
LF151 HA-5170 
LF153 HA-5102 
LF155 HA-5170 Better DC 
LF155A HA-5170 Better DC 
LF156 HA-5170 Better DC 
LF156A HA-5170 Better DC 
LF157 HA-5170 Better DC 
LF157A HA-5160 Better DC 
LF198 HA-2420 Improved performance 
LF247 
LF253 
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Competitive Cross Reference Chart (Continued) 

Harris Pin-for-Pin Harris Closest Harris 
Manufacturer Pan Number Replacement Replacement Advantage. 

NATIONAL LF347 
SEMICONDUCTOR LF353 
(cont) LF355 HA-5170 Better DC 

LF355A HA-5170 Better DC 
LF356 HA-5170 Better DC 
LF356A HA-5170 Better DC 
LF357 HA-5160 Better DC 
LF357A HA-5160 Better DC 
LF398 HA-2425 Improved performance 
LF412 HA-5102 
LF412A HA-5102 
LF441 HA-5141 Lower noise 
LF442 HA-5142 
LF444 HA-5144 
LHOOO2 HA-5002 Monolithic. better AC and DC 
LHOOO3 HA-2520.HA-2529 Monolithic 
LHOOO4 HA-2640 Monolithic 
LHOOO5 HA-2620 Monolithic 
LHOO22 HA-5180 Monolithic. better AC and DC 
LHOO32 HA-2542 Monolithic 
LHOO33 HA-5033 Monolithic. better DC 
LHOO42 HA·5180 Monolithic. better AC and DC 
LHOO52 HA-5180 Monolithic. better AC 
LHOO62 HA-5160 Monolithic. better AC , 
LM108 HA-5135 Better DC and AC 
LM108A HA-5135 8etter DC and AC 
LMl18 HA-2510 Unity gain stable 
LM124 HA-4741 Better AC 
LM143 HA-2640 Higher supply voltage 
LM144 HA-2640 
LM146 HA-2740 BetterAC 
LM148 HA-4741 Better AC 
LM20B HA-5135 Better DC and AC 
LM20BA HA-5135 Better DC and AC 
LM30B HA-5135 Better DC and AC 
LM308A HA-5135 Better DC and AC 
LM308A HA-5135 Better DC and AC 
LM318 HA-2510 Unity gain stable 
LM324 HA-4741 8etter AC 
LM343 HA-2640 Higher supply voltage 
LM344 HA-2640 
LM348 HA-4741 Better AC 
LM4250 HA-5141 Lower noise 
TP3040 HC-5512 Identical 
TP3040A HC-5512A Identical 

HC-5512D Military spec 

PMI PM-155 HA-5180 
PM-156 HA-5170 
PM-157 HA-5160 
OP-15 HA-5170 
OP-16 HA-5160 
OP-17 HA-5160 
OP-42 HA-5160 
OP-43 HA-5170 
OP-77 HA-5177 
OP-227 HA-5102 
OP-400 HA-5134 
OP-470 HA-51 04 

PRECISION DAC-08 HI-5618 Faster, application resistors 
MONOLITHICS DAC-1408 HI-5618-5 Faster, application resistors 

DAC-1508 HI-5618-2 Faster, application resistors 
DAC-312 HI-562A Int linearity. application resistors 
DMX·88 HI-508 VIN range. lower power 
GAPOI HA-2400 4 channels 
MUX-08 HA-508 IN range. lower power 
MUX-16 HI-506 VIN range. lower power 
MUX-24 HI-509 VIN range. lower power 
MUX-28 HI-507 VIN range. lower power 
MUX-88 HI·508 VIN range. lower power 
OPOI HA-2500 Better AC 
OP05 HA-5135 Better AC and DC 
OPll HA-4741 
OP20 HA-5141 Better AC 
OP220 HA-5142 Better AC 
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Competitive Cross Reference Chart (Continued) 

Harris Pin-to .. Pin Harris Closast Harris 
Manufacturar Part Number Raplacement Replacement Advantage. 

PRECISION OP27 HA-5127 
MONOLITHICS OP37 HA-5137,HA-5147 HA-5147 Superior performance 
(cont.) OP420 HA-5144 Better AC 

PM-562 HI-562A Faster 
SMP-10/11 HA-2425 Lower power 

HA-5320 Faster, improved accuracy 
SMP-81 HA-2420/25 Lower power 

HA-5320 Faster, improved accuracy 
SSS1458 HA-5102 Better AC, lower noise 
SS1558 HA-5102 Better AC, lower noise 

RAYTHEON LF155 HA-5170 Better DC 
LF155A HA-5170 Better DC 
LF156 HA-5170 Better DC 
LF156A HA-5170 Better DC 
LF157 HA-5160 8etter DC 
LF157A HA-5160 Better DC 
LF355 HA-5170 8etter DC 
LF355A HA-5170 Better DC 
LF356 HA-5170 Better DC 
LF356A HA-5170 Better DC 
LF357 HA-5160 Better DC 
LF357A HA-5160 Better DC 
LM108 HA-5135 Better AC and DC 
LM108A HA-5135 Better AC and DC 
LM118 HA-2510 Unity gain stable 
LM124 HA-4741,HA-5154 Better AC 
LM148 HA-4741,HA-5154 Better AC 
LM208 HA-5135 Better AC and DC 
LM208A HA-5135 Better AC and DC 
LM308 HA-5135 Better AC and DC 
LM308A HA-5135 Better AC and OC 
LM318 HA-2515 Unity gain stable 
LM324 HA-4741,HA-5154 BetterAC 
LM348 HA-4741,HA-5154 BetterAC 
RC1556 HA-2605 Better AC and DC 
RC4131 HA-2605 Better AC 
RC4136 HA-4741 
RC4531 HA-2505 Dielectric Isolation 
RC4741 HA-4741 Better AC 
RM1556 HA-2600 Better AC and DC 
RM4131 HA-2600 8etter AC 
RM4136 HA-4741,HA-5154 
RM4156 HA-4741,HA-5154 
RM4531 HA-2500 Dielectric Isolation, Better AC 
RM4741 HA-4741 Better AC 

RCA CA3020 
CA3100 HA-2620 
CAS078 HA-5141 
C04016 HI-201 Better AC and DC 

SIGNETICS AM6012 HI-562A Int. linearity, application resistors 
HI-5660 Int. linearity, application resistors 

DAC08 HI-5618 Faster, application resistors 
LF198 HA-2420 Improved performance 
LF398 HA-2425 Improved performance 
MC1408 HI-5618-5 Faster, application resistors 
MC1508 HI-5618-2 Faster, application resistors 
NE531 HA-2515 
NE5532 HA-5102 Lower noise 
NE5533 HA-5112 Lower noise 
NE5534 HA-5135 
NE5537 HA-2425-5 Lower power 

HA-5320-5 Faster 
NE5539 HA-2539 BetterAC 
SE531 HA-2510 
SE5532 HA-5102 Lower noise 
SE5533 HA-5112 Lower noise 
SE5534 HA-5135 
SE5539 HA-2539 Better AC 

SILICON- SG741 HA-2500 
GENERAL 

SILICONIX DG181 HI-381 Dielectric Isolation 
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Competitive Cross Reference Chart (Continued) 

Harris Pin-fo .. Pin Harris Closest Harris 
Manufacturer Part Number Replacement Replscsment Advantages 

SILICON IX DG182 HI-381 Dielectric Isolation 
(cont) DG184 HI-384 Dielectric Isolation 

DG185 HI-384 Dielectric Isolation 
DG187 HI-387 Dielectric Isolation 
DG188 HI-387 Dielectric Isolation 
DG190 HI-390 Dielectric Isolation 
DG191 HI-390 Dielectric Isolation 
DG200A HI-2oo Dielectric Isolation 
DG201A HI-201 Dielectric Isolation 
DG211 HI-201 Full temp range specified 
DG271 HI-201 HS Faster 
DG300A HI-3oo Dielectric Isolation 
DG301A HI-301 Dielectric Isolation 
DG302A HI-302 Dielectric Isolation 
DG303A HI-303 Dielectric Isolation 
DG304A HI-304 Dielectric Isolation 
DG305A HI-305 Dielectric Isolation 
DG306A HI-306 Dielectric Isolation 
DG307A HI-307 Dielectric Isolation 
DG381 A HI-381 Dielectric Isolation 
DG384A HI-384 Dielectric Isolation 
DG387A HI-387 Dielectric Isolation 
DG390A HI-390 Dielectric Isolation 
DG5040 HI-5040 Dielectric Isolation 
DG5041 HI-5041 Dielectric Isolation 
DG5042 . HI-5042 Dielectric Isolation 
DG5043 HI-5043 Dielectric Isolation 
DG5044 HI-5044 Dielectric Isolation 
DG5045 HI-5045 Dielectric Isolation 
DG506A HI-506 Lower power, DI processing 
DG506AA HI-506-2 Lower power, DI processing 
DG507A HI-507 Lower power, DI processing 
DG507AA HI-507-2 Lower power, DI processing 
DG508A HI-508 Lower power, DI processing 
DG508AA HI-508-2 Lower power, DI processing 
DG509A HI-509 Lower power, DI processing 
DG509AA HI-509-2 Lower power, DI processing 
S05200 HI-201 HS Dielectric Isolation 

SOLITRON CM4016A HI-201 Better AC and DC 
UC4000 HA-2600 
UC4002 HA-2605 

SPRAGUE ULN2139 HA-2600 
ULN2151 HA-2600 
ULN2156 HA-2600 
ULN2157 HA-2650 
ULN2158 HA-2650 
ULN2171 HA-2600 
ULN2172 HA-2620 
ULN2173 HA-2600 
ULN2174 HA-2620 
ULN2175 HA-2600 
ULN2176 HA-2600 

TELEDYNE 1321 HA-2620 Identical 
PHILBRICK 1322 HA-2620 Identical 

1332 HA-2645 Identical 
1339 HA-2625 
1341 HA-2540 Identical 
1342 HA-2539 Identical 
1343 HA-5190 Identical 
1344 HA-5160 Identical 
1345 HA-5162 Identical 
1346 HA-5180 Identical 
1347 HA-5180A Identical 
1437 HA-2541 Monolithic 
1438 HA-2541 Monolithic 
1460 HA-2542 Monolithic 
1466 HA-2542 Monolithic 
4058 HI-5680 Monolithic 
4058-83 HI-5687 Monolithic 
4068A HI-562A Identical 
4084 HI-5618 Identical 
4088 HI-DAC16 Identical 

I 

I. 
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Competitive Cross Reference Chart (Continued) 

Harris Pin-tor-Pin HalTis Closest Harri. 
Manufacturar Part Numbar Raplacament Replacement Advantage. 

TELEDYNE 4189 
PHIL8RICK 4551 HI-547 Identical 
(cont.) 4552 HI-546 Identical 

4553 HI-549 Identical 
4554 HI-548 Identical 
4853 HA-5320 Monolithic. smaller pkg. 
4854 HA-2420 Faster. monolithic. smaller pkg. 
4856 HA-2420/25 Identical 
4857 HA-5320 Monolithic. smaller pkg .• power 
4866 HA-5320 Identical 
DAC801/V HI-56801/V Identical 
TP5210 HI-674A 
TP565A HI-565A Identical 
TP574A HI-574A.HI-674A Identical. 674A is 1.67 times faster 
TPADC85/87 

TEXAS MC1458 HA-5102 Lower noise 
INSTRUMENTS MC1558 HA-5102 lower noise 

TCM2912A HC-5512 Lower noise. lower cross talk, lower power 
TCM4212+ HC-5502A or Fewer external components 
TCM4201+ HC-5504 
TCM4208= 

3 chip set 
TL022 HA-5142 8etter DC 
TL044 HA-5144 8etter DC 
TL061 HA-5141.HA-5151 Better DC. lower noise 
TL062 HA-5142.HA-5152 MIL range available 
TL064 HA-5144.HA-5154 MIL range available 
TL072 HA-5102 MIL range available 
TL074 HA-51 04 MIL range available 
TL082 HA-5102 MIL range available 
TL084 HA-5104 MIL range available 

TRANSITRON TOA7709 HA-2600 
TOA8709 HA-2605 
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High Temperature Electronics 
To serve the growing need for electronics that will 
operate in severe high temperature environments, Harris 
offers integrated circuits that have been characterized 
over elevated temperatures and that have electrical 
characteristics guaranteed at 2000 C. Typical applications 
include: 

• Well Logging 

• Industrial Process Control 

• Engine Control and Testing 

• High Temperature Data Acquisition Systems 

All parts offered in the -1 series have had their electrical 
performance parameters characterized up to 25QOC. 

Production flow of -1 parts includes 160 hours burn-in and 
final electrical test at 200oC. Devices available now: 

• HA-2600-1 .................... Operational Amplifier 

• HA-2620-1 .................... Operational Amplifier 

• HI-200-1 ............................ Analog Switch 

• HI-201-1 ............................ Analog Switch 

Consult factory for price and availability information. 

Packaging Techniques 
Harris Semiconductor offers Leadless Chip Carriers (LCC) 
as a packaging option on various Analog integrated circuits. 
An LCC is a square or rectangular package for an 
Integrated Circuit (IC) that is manufactured in the same 
manner as a conventional side-braze dual-in-line package 
(DIP). The LCC is comprised of the cavity and seal ring 
section of a standard DIP and offers the user a means 
of achieving high density system configurations while 
retaining the reliability benefits of hermetic IC Packaging. 
Figure 1 provides a comparison of the construction of an 
LCC and a conventional side-braze DIP. 

CHIP CARRIER 

DIEPAD_ * 
EXTERNAL CONTACT PAD;JS 

ASSEMBLY .~ 

METAL LEADS 

FIGURE 1. EXPlODED VIEW OF CHIP CARRIER AND DIP 

The LCC's two principle advantages over conventional 
side-braze DIPs are packaging density and electrical 
performance. Packaging density is the number one advan­
tage to an LCC over a side-braze DIP. The size of a DIP is 
governed primarily by the number of leads required and not 
by the size of the IC. As pin count increases, more and more 
of the DIP package is used only to provide an electrical 
trace path to the external leads. The size of an LCC is 
dependent on the size of the die not on the number of leads. 
As pin count increases, overall size increases but at a much 

slower rate. Table 1 provides a comparison between the 
areas of 18, 28 and 48 lead LCCs to 18, 28 and 48 lead 
side-braze DIPs. 

TABLE 1. 

LEAD LCC DIP DIPAREAvs. 
COUNT AREA AREA LCCAREA 

18 0.10 0.22 220% 
28 0.20 0.84 420% 
48 0.31 1.68 542% 

(All Units in Square Inches) 

The chart indicates a 220% improvement in packaging area 
for the 18 lead LCC, and 542% improvement for the 48 lead 
LCC. Obviously, sizeable savings in circuit board area can 
be achieved with this packaging option. The second major 
advantage of the LCC is in electrical performance. The 
package size and geometry also dictates trace length and 
uniformity. Figure 2 provides a comparison between the 
trace lengths for various LCCs and side-braze DIPs. As pin 
count goes up, trace lengths get longer, adding resistance 
and capacitance unequally around the package. As les get 
faster and more complex these factors start to become a 
limiting factor on performance. LCCs minimize this effect by 
maintaining, as close as possible, uniform trace length so 
that the package is a significantly smaller determinant of 
system performance. 

LEAD LONGEST TRACE DIP LONGEST TRACE 
COUNT LONGEST TRACE LCC SHORTEST TRACE 

18 
24 
40 
54 

LCC 

2:1 1.5:1 
4:1 1.5:1 
5:1 1.5:1 
6:1 1.5:1 

FIGURE 2. ELECTRICAL PERFORMANCE 
(RESISTANCE AND SPEED) 

DIP 

6:1 
3:1 
6:1 
7:1 
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Packaging Techniques (Continued) 

The LCC also offers environmental advantages over 
"chip-and-wire" manufacturing techniques used in high 
density hybrid circuits. An IC can be fully tested, burned-in 
and processed in an LCC, thereby guaranteeing its 
performance: 

The IC is further protected by a small hermetic package in 
which internal vapor content can be carefully 
controlled during production. 

Harris Semiconductor Leadless Chip Carriers in both 
Ceramic and Epoxy provide reliable, high density, high 
performance packaging options for today'ssystems. 

Those products available in LCC form are shown in 
the Standard Products Packaging Availability Guide at 
the beginning of each section. Consult the factory or 
your Harris sales representative for pricing and 
availability. 

Chip Information 
Harris Standard Flows 

Harris Semiconductor offers three standard integrated 
circuit dice product flows which cover the application 
environments our customers experience. These flows range 
from low cost commercial dice to military temperature range 
dice with sample electrical performance data. All of these 
product grades have one thing in common. They result from 
meticulous attention to quality, staring with design 
decisions made during product development and ending 
with the labeling of shipping containers for delivery to our 
customers. 

Most of the dice offered by Harris are available in the three 
standard grades. Consult the dice data sheets or contact 
your Harris representative to determine which grades are 
available for a particular circuit. The standard flows offered 
are: 

DASH 6 - Commercial Grade Dice 

DASH 6 dice are 100% probe tested at +250 C to assure the 
maximum/mimimum DC characteristics listed in the DASH 
6 dice data sheet. DASH 6 dice are intended for use in non­
military applications. DASH 6 dice are 100% visually 
inspected to Harris Semiconductor's commercial grade 
criteria. 

DASH 3 - Military Grade Dice 

DASH 3 dice are 100% probe tested at +250 C to assure the 
maximum/minimum DC characteristics listed in the DASH 3 
dice data sheet. DASH 3 dice are intended for use in military 

. applications. DASH 3 dice are 100% visually inspected to 
Harris Semiconductor's MIL-STD-883, Method 2010, 
Condition B (Class B) criteria. 

To assure that the electrical specifications will be met, a 
sample of the DASH 3 dice are pulled. The dice are 

assembled into standard packages and tested at +250 C, 
-550 C and +1250 C to an LTPD of 15/1. The dice and test 
data are supplied to the customer. DASH 3 dice are 100% 
visually inspected to Harris Semiconductor's MIL-STD-
883, Method 2010, Condition B (Class B) criteria. 

Mechanical Information 

Dimensions: 

All dimensions given in the die layout section of the dice 
data sheets are nominal with a tolerance of ± 0.003 inches 
(± 0.08mm) Die thicknesses are 0.018 inches ± 0.003 
inches (0.46mm ± 0.08mm). 

Bonding Pads: 

Minimum bonding pad size is 0.004 x 0.004 inches 
(0.10mm x 0.10mm). 

Dice are placed in conductive waffle carriers, sealed in an 
antistatic bag; and packaged in a suitable shipping 
container. The dice data sheets for each product will specify 
the number of dice which will be packed in each individual 
tray. 

Ordering Information 

Harris products are designated by Product Code . 
Harris Semiconductor Analog dice products will always 
begin with H. When ordering, please refer to products by 
the full code. Other Harris dice products may be specified 
by industry standard part numbers. Specific device 
numbers will always be isolated by hyphens. 

Harris Part Number Example 

H A o 
T PREFIX:0~ 

H (Harris) 

FAMILY: 

PACKAGE: 
o - Dice 

A - Analog 
C - Communications 
o - Digital 

- Interface 

M - Memory 
PL - Programmable Logic 
S - CICD (Custom) 
V - High Voltage 

2425 
--r-

PART 
NUMBER" 

6 
T 

GRADE: 
6 - Commercial 
3 - Military 

• Alpha suffix parts are defined in individual data sheets. 
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ORDERING INFORMATION ................................................ , ................... . 
STANDARD PRODUCTS PACKAGING AVAILABILITY .............. , .. , .......................... . 
SELECTION GUIDE ............................................................................ . 
OPERATIONAL AMPLIFIERS GLOSSARY ....................................................... . 
OPERATIONAL AMPLIFIERS AND COMPARATORS DATA SHEETS 

HA-2400/04/05 PRAM Four Channel Programmable Amplifiers ............................. . 
HA-2406 Digitally Selectable Four Channel Operational Amplifier ..................... . 
HA-2500/02/05 Precision, High Slew Rate Operational Amplifiers ........................... . 
HA-251 0/12/15 High Slew Rate Operational Amplifiers .................................... . 
HA-2520/22/25 Uncompensated, High Slew Rate Operational Amplifiers ..................... . 
HA-2529 Uncompensated, High Slew Rate, High Output Current Operational Amplifier .. . 
HA-2539 Very High Slew Rate, Wideband Operational Amplifier ....................... . 
HA-2540 Wideband, Fast Settling Operational Amplifier .............................. . 
HA-2541 Wideband, Fast Settling, Unity Gain Stable, Operational Amplifier ............. . 
HA-2542 Wideband, High Slew Rate, High Output Current Operational Amplifier ........ . 
HA-2544 Video Operational Amplifier .............................................. . 
HA-2600/02/05 Wideband, High Impedance Operational Amplifiers ......................... . 
HA-2620/22/25 Very Wideband, Uncompensated Operational Amplifiers .................... . 
HA-2640/45 High Voltage Operational Amplifiers ....................................... . 
HA-2650/55 Dual High Performance Operational Amplifier .............................. . 
HA-2720/25 Wide Range Programmable Operational Amplifier .......................... . 
HA-4741 Quad Operational Amplifier .............................................. . 
HA-4900/02/05 Precision Quad Comparator ............................................. . 
HA-5002 Monolithic, Wideband, High Slew Rate, High Output Current Buffer ........... . 
HA-5033 Video Buffer ........................................................... . 
HA-51 01 /11 Single, Low Noise, High Performance Operational Amplifiers ................. . 
HA-5102/04/12/14 Dual/Quad, Low Noise, High Performance Operational Amplifiers ............ . 
HA-5127 Ultra-Low Noise, Precision Operational Amplifier ........................... . 
HA-5130/35 Precision Operational Amplifiers .......................................... . 
HA-5134 Precision Quad Operational Amplifier ..................................... . 
HA-5137 Ultra-Low Noise, Precision, Wideband Operational Amplifier ................. . 
HA-5141/42/44 Single/Dual/Quad Ultra-Low Power Operational Amplifiers .................. . 
HA-5147 Ultra-Low Noise, Precision, High Slew Rate, Wideband Operational Amplifier .. . 
HA-5151/52/54 Single/Dual/Quad Low Power Operational Amplifiers ....................... . 
HA-5160/62 Wideband, JFET Input, High Slew Rate, Uncompensated Operational Amplifiers. 
HA-5170 Precision, JFET Input Operational Amplifier ................................ . 
HA-5177 Preliminary Ultra-Low Offset Voltage Operational Amplifier ............................. . 
HA-5180 Low Bias Current, Low Power, JFET Input Operational Amplifier .............. . 
HA-5190/95 Wideband, Fast Settling Operational Amplifiers ............................. . 

ABSOLUTE MAXIMUM RATINGS 
As with all semiconductors, stresses listed under "Absolute Maximum Ratings" may be applied to 
devices (one at a time) without resulting in permanent damage. This is a stress rating only. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliabifity. The conditions 
listed under "Electrical Specifications" are the only conditions recommended for satisfactory operation. 
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Ordering Information 
HARRIS PRODUCT CODE EXAMPLE 

H A 75147 5 

PREFIX: T T - PART JUMBER T 
H (HARRIS) TEMPERATURE: 

FAMILY: __________ --1 2 -550 Cto+125OC 

A Analog 4 -250 C to +850 C 
C Communications 5 (JOC to + 750 C 
D Digital 7 Dash-7 High Reliability Commercial 
F Filters Product OOC to + 750 C, includes 96 
I Interface hour Burn-In. 
M Memory 
V Analog High Voltage 

PACKAGE: 

These products are available fully screened to Mil-Std-883C. 
Contact a Harris Sales Office for a copy of the /883 data sheet. 

1 Dual-In-Line Ceramic 
2 MelalCan 
3 Dual-In-Line Plastic 
7 Mini-DIP, Ceramic 
o Chip Form 

Standard Products Packaging Availabilityt 
PLASTIC CERAMIC CERAMIC METAL 

PACKAGE DIP DIP MINI-DIP CAN 
3- 1- 7- 2-

TEMPERATURE -5 -2 -4 -5 -7 -2 -4 -5 -7 -2 -4 -5 -7 

DEVICE NUMBER 

HA-2400 C1 

HA-2404 C1 

HA-2405 C1 C1 

HA-2406 0 C1 

HA-2500 A W 
HA-2502 A W 
HA-2505 M A A W W 

HA-2510 A W 
HA-2512 A W 
HA-2515 M A A W W 

HA-2520 A W 

HA-2522 A W 

HA-2525 M A A W M 
HA-2529 M A A A W W W 

HA-2539 N B1 B1 B1 B1 

HA-2540 N B1 B1 B1 B1 
HA-2541 B1 Y Y y 

HA-2542 N B1 B1 Y Y y 

HA-2544 M A A A W W W 

HA-2600 A W 
HA-2602 A W 

HA-2605 M A A W W 

t Letter codes in this chart indicate available packages as shown in Packaging Section 11. 
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Standard Products Packaging Availability (Continued) 

PLASTIC CERAMIC CERAMIC METAL 
PACKAGE DIP DIP MINI-DIP CAN 

3- 1- 7- 2-

TEMPERATURE -5 -2 -4 -5 -7 -2 -4 -5 -7 -2 -4 -5 -7 

DEVICE NUMBER 

HA-2620 A W 
HA-2622 A W 
HA-2625 M A A A A W W 

HA-2640 A W 
HA-2645 A A W W 
HA-2650 B1 A W 
HA-2655 B1 B1 A W 

HA-2720 A W 
HA-2725 A W 

HA-4741 N B1 B1 
HA-4900 C1 

HA-4902 C1 

HA-4905 C1 C1 

HA-5002 A A A W W W 
HA-5033 M Y Y Y 
HA-5101 M A A A W W W 
HA-5102 M A A A W W W 
HA-51 04 N B1 B1 B1 

HA-5111 M A A A W W W 
HA-5112 M B1 B1 B1 A A A W W W 
HA-5114 N B1 B1 B1 

HA-5127 A A A W W W 
HA-5130 A A A W W W 
HA-5134 B1 B1 B1 

HA-5135 A A A W W W 
HA-5137 A A A W W W 

HA-5141 M A A A W W W 
HA-5142 M A A A W W W 
HA-5144 N B1 B1 B1 

HA-5147 A A A W W W 

HA-5151 M A A A W W W 
HA-5152 M A A A W W W 
HA-5154 N B1 B1 B1 

HA-5160 W W W 

HA-5162 W W 

HA-5170 A A A A W W W W 
HA-5177 A A A A W W W W 

HA-51BO A A A A W W W W 

HA-5190 B1 Y 

HA-5195 B1 B1 Y Y 
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Selection Guide 
OPERATIONAL AMPLIFIERS: HIGH SLEW-RATE 

TEMPERATURE RANGE 

-55°C (JOC -4O"C SLEW BANDWIDTH FULL POWER BIAS OPEN LOOP MINIMUM 
PART TO TO TO RATE PRODUCT BANDWIDTH CURRENT GAIN GAIN 

NUMBER +12SoC +7SoC +850C (V/~s) (MHz) (MHz) (nA) (V/mY) STABLE COMMENTS PAGE 

HA-5112 X X 20 60 0.3 130 250 10 Low Noise 2-133 

HA-5114 X X 20 60 0.3 130 250 10 Low Noise 2-133 

HA-5137 X X 20 63 0.3 10 1500 5 Low Noise 2-163 

HA-2400 X 30 40 0.5 50 150 10 Addressable 2-9 

HA-2404 X 30 40 0.5 50 150 10 Addressable 2-9 

HA-2405 X 30 40 0.5 50 150 10 Addressable 2-9 

HA-2406 X 30 40 0.5 50 150 10 Addressable 2-13 

HA-5147 X X 35 120 0.5 10 1600 10 Low Noise 2-176 

HA-262O X 35 100 0.6 1 150 5 2-77 

HA-2622 X 35 100 0.6 5 150 5 2-77 

HA-2625 X 35 100 0.6 5 150 5 2-77 

HA-5111 X X 50 100 0.7 150 250 10 Low Noise 2-123 

HA-2512 X 60 12 1.0 125 15 Unity 2-21 

HA-2515 X 60 12 1.0 125 15 Unity 2-21 

HA-2510 X 65 12 1.0 100 15 Unity 2-21 

HA-5162 X X 70 100 1.0 0.02 100 10 JFET 2-190 

HA-5160 X X 120 100 1.9 0.02 150 10 JFET 2-190 

HA-2520 X 120 20 2.0 100 15 3 2-25 

HA-2522 X 120 20 2.0 125 15 3 2-25 

HA-2525 X 120 20 2.0 125 15 3 2-25 

HA-2529 X X 150 20 2.6 100 15 3 Power Output 2-30 

HA-2544 X X 150 50 4.2 9000 6 Unity Video Amp 2-63 

HA-5190 X 200 150 6.5 5000 30 5 2-211 

HA-5195 X 200 150 6.5 5000 30 5 2-211 

HA-2541 X X 300 40 4.7 6000 10 Un~y 2-48 

HA-2542 X X 350 60 5.5 6000 10 2 Power Output 2-55 

HA-2540 X X X 400 400 6.0 5000 15 10 2-42 

HA-2539 X X X 600 600 9.5 5000 15 10 2-36 
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Selection Guide (Continued) 

OPERATIONAL AMPLIFIERS: WIDE BANDWIDTH 

TEMPERATURE RANGE 
GAIN 

-SSoC ()OC -400C BANDWIDTH FULL POWER SLEW BIAS OPEN LOOP MINIMUM 
PART TO TO TO PRODUCT BANDWIDTH RATE CURRENT GAIN GAIN 

NUMBER +12SoC +7SoC +8SoC (MHz) (MHz) (V/~.) (nA) (V/mV) STABLE COMMENTS PAGE 

SINGLE 

HA-2510 X 12 1.0 65 100 15 Unity 2-21 

HA-2512 X 12 1.0 60 125 15 Unity 2-21 

HA-2515 X 12 1.0 60 125 15 Unity 2-21 

HA-2600 X 12 0.075 7 1 150 Unity 2-72 

HA-2602 X 12 0.075 7 15 150 Un~y 2-72 

HA-2605 X 12 0.075 7 5 150 Un~y 2-72 

HA-2520 X 20 2.0 120 100 15 3 2-25 

HA-2522 X 20 1.9 120 125 15 3 2-25 

HA-2525 X 20 1.9 120 125 15 3 2-25 

HA-2529 X X 20 2.6 150 100 15 3 Power Output 2-30 

HA-2541 X X 40 4.7 300 6000 10 Unity 2-48 

HA-2544 X X 50 4.2 150 9000 6 15 Video Amp 2-63 

HA-2542 X X 70 5.5 350 6000 10 2 Power Output 2-55 

HA-5137 X X 63 0.3 17 8 1800 5 Low Noise 2-163 

HA-5147 X X 100 0.5 35 8 1800 10 low Noise 2-176 

HA-5111 X X 100 0.7 50 150 250 10 Low Noise 2-123 

HA-2620 X 100 0.6 35 1 150 5 2-77 

HA-2622 X 100 0.6 35 5 150 5 2-77 

HA-2625 X 100 0.6 35 5 150 5 2-77 

HA-5160 X X 100 1.9 120 0.02 150 10 JFET 2-190 

HA-5162 X X 100 1.1 70 0.02 100 10 JFET 2-190 

HA-5190 X 150 6.5 200 5000 30 5 2-211 

HA-5195 X 150 6.5 200 5000 30 5 2-211 

HA-254O X X X 400 6.0 400 5000 30 10 2-42 

HA-2539 X X X 600 9.5 600 5000 30 10 2-36 

DUAL 

HA-5112 X X 60 0.3 20 130 250 10 Low Noise 2-133 

QUAD 

HA-2400 X 40 0.5 30 50 150 10 Addressable 2-9 

HA-2404 X 40 0.5 30 50 150 10 Addressable 2-9 

HA-2405 X 40 0.5 30 50 150 10 Addressable 2-9 

HA-2406 X 40 0.5 30 50 150 10 Addressable 2-13 

HA-5114 X X 60 0.3 20 130 250 10 Low Noise 2-133 
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Selection Guide (Continued) 

OPERATIONAL AMPLIFIERS: PRECISION 

TEMPERATURE RANGE OFFSET OPEN 
-55°C OOc -400C OFFSET VOLTAGE BIAS LOOP NOISE NOISE SUPPLY 

PART TO TO TO VOLTAGE DRIFT CURRENT GAIN CURRENT VOLTAGE CMRR PSRR CURRENT 
NUMBER +1250C +750C +850C (~V) (~VfOC) (nA) (VlmV) (pA/v'Hz) (nVlv'Hz) (dB) (dB) (mA) COMMENTS PAGE 

SINGLE 

HA-S180 X X X 100 S 0.00003 1000 0.Q1 70 110 10S 0.8 JFET 2-205 

HA-S170 X X X 100 2 0.02 800 0.01 10 100 10S 1.9 JFET 2-197 

HA-S130 X X 10 0.4 1 1400 0.14 15 120 130 1.3 2-149 

HA-S177 X X 10 0.2 1.2 1380 0.12 9 140 120 1.7 2-202 

HA-5127 X X 10 0.2 10 1500 0.80 3 120 120 3 2-142 

HA-S137 X X 10 0.2 10 1 SOD 0.80 3 120 120 3 High Speed 2-163 

HA-S147 X X 10 0.2 10 1800 0.60 3 120 120 3 High Speed 2-176 

QUAD 

HA-S134 X X SO 2.S 2 1000 0.60 7 120 120 S Quad 2-1S6 

OPERATIONAL AMPLIFIERS: LOW POWER 

TEMPERATURE RANGE SLEW RATE GAIN BANDWIDTH OUTPUT 

-550C I. OOc I-400C SUPPLY SUPPLY (V/~s)AT PRODUCT (kHz) SWING (V) OFFSET 
PART TO TO TO CURRENT RANGE INDICATED AT INDICATED ±15VPOWER VOLTAGE 

NUMBER +1250C +750C +850C (~) (V) SUPPLY CURRENT SUPPLY CURRENT SUPPLIES (mV) COMMENTS PAGE 

SINGLE 

HA-S141 X 

I 
X 

I 
SO +2/+40 1 400 0/+3 (+SVS) 0.7 2-170 

HA-S1S1 X X 200 +2/+40 4 1300 ±10 2 Lower Noise 2-183 

DUAL 

HA-S142 X 

I 
X 

I 
50 +2/+40 1 400 01+3 (+SVS) 0.7 2-170 

HA-S152 X X 200 +2/+40 4 1300 ±10 2 Lower Noise 2-183 

QUAD 

HA-S144 X 

I 
X 

I 
so +2/+40 1 400 0/+3 (+SVS) 0.7 2-170 

HA-S1S4 X X 200 +2/+40 4 1300 ±10 2 Lower Noise 2-183 

OPERATIONAL AMPLIFIERS: GENERAL PURPOSE 

TEMPERATURE RANGE GAIN OPEN COMMON MODE 
-55°C OOC -40°C BANDWIDTH SLEW OFFSET BIAS NOISE LOOP RANGE (V) SUPPLY 

PART TO TO TO PRODUCT RATE VOLTAGE CURRENT VOLTAGE GAIN +15VPOWER CURRENT 
NUMBER +1250C +750C +850C (MHz) (V/~s) (mV) (nA) (nV/v'iii) (V/mV) SUPPLIES (mA) COMMENTS PAGE 

SINGLE , 
HA-28OO X 12 7 O.S 1 16 150 ±11 3 2-72 

HA-2802 X 12 7 3 1S 16 1S0 ±11 3 2-72 

HA-280S X 12 7 3 S 16 1S0 ±11 3 2-72 

HA-5101 X X 8 10 0.5 130 4.3 250 ±12 S Low Noise 2-123 

HA-S111 X X 100 50 0.5 130 4.3 250 ±12 S Low Noise 2-123 

DUAL 

HA-5102 X X 8 3 0.5 130 4.3 250 ±12 S Low Noise 2-133 

HA-S112 X X 80 20 0.5 130 4.3 2S0 ±12 S Low Noise 2-133 

QUAD 

HA-24OO X 40 30 4 SO 20 150 ±9 4.8 Addressable 2-9 

HA-2404 X 40 30 4 SO 20 150 ±9 4.8 Addressable 2-9 

HA-24OS X 40 30 4 SO 20 150 ±9 4.8 Addressable 2-9 

HA-2406 X 40 30 4 SO 20 150 ±9 4.8 Addressable 2-13 

HA-S104 X X 8 3 O.S 130 4.3 2S0 ±12 6.S Low Noise 2-133 

HA-S114 X X 60 20 O.S 130 4.3 250 ±12 6.5 Low Noise 2-133 
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Selection Guide (Continued) 

OPERATIONAL AMPLIFIERS: HIGH VOLTAGE 

PART NUMBER FEATURES APPLICATIONS 

HA-2640 • Slew Rate: 1V/~s • Industrial Control Systems 

HA-2645 • Bandwidth: 4MHz • Power Supplies 

• Input Offset Voltage: 4mV • High Voltage Regulators 

• Offset Current: 5nA • Resolver Excitation 

• Output Voltage Swing: ±35V • Signal Conditioning 

• Input Voltage Range: ±35V 

• Supply Range: ±10Vto±40V 

• Output Overload Protection 

OPERATIONAL AMPLIFIERS: ADDRESSABLE 

PART NUMBER FEATURES APPLICATIONS 

HA-2400 • Four Channels Addressable • Signal Selection/Multiplexing 

HA-2404 • High Slew Rate 30V/~s • Variable gain stages 

HA-2405 • Wide Gain Bandwidth Product: 40MHz • Oscillators 

HA-2406 • High Gain: 150kVN • Filters 

• TIL Compatible • Comparators 

• Integrators 

CURRENT BUFFERS/DRIVERS 

PART NUMBER FEATURES APPLICATIONS 

HA-5033 • Differential Phase Error: 0.10 • Video Buffers 

• Differential Gain Error: 0.1% • HF Buffers 

• High Slew Rate: 1300V/~s • Op Amp Isolation Buffers 

• Wide Power Bandwidth: 80MHz • High Speed Line Drivers 

• Fast Rise Time: 3ns • Impedance Matching 

• Wide Power Supply Range: ±5/±16V 

HA-5002 • High Slew Rate 1300V/~s • Precision Buffers 

• High Output Current 200mA • Op Amp Isolation Buffers 

• Low Quiescent Current 9mA • High Speed Line Drivers 

HA-2542 • AV ~ -1, +2 Stable with No Compensation • Video Cable Drivers 

• High Output Current: 100mA • Pulse Amplifiers 

• Wide Power Bandwidth: 5.5MHz • Wideband Signal Conditioners 

• High Slew Rate: 350V/~s 

COMPARATORS 

PART NUMBER FEATURES APPLICATIONS 

HA-4900 • Fast Response Time: 130ns • Threshold Detectors 

HA-4902 • Low Offset Voltage: 2mV • Zero Crossing Detectors 

HA-4905 • Low Offset Current: 10nA • Window Detectors 

• Single or Dual Supply • Interface 

• Analog and logic supplies • Oscillators 
separated for easier interface 
and noise immunity 
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Operational Amplifiers Glossary 

AVERAGE INPUT OFFSET CURRENT DRIFT - The 
average change in offset current between room (+250C) 
and high temperature (+1250C, +850C or +750C) 
or between room temperature and low temperature 
(OOC, -250C or -550C) divided by the temperature 
difference. 

AVERAGE OFFSET VOLTAGE DRIFT - The average 
change in offset voltage between room (+250C) and high 
temperature (+1250C, +850C or +750C) or between room 
temperature and low temperature (OOC, -250C or -550C) 
divided by the temperature difference. 

CHANNEL SEPARATION - The ratio of the output of a 
driven amplifier to the output (referred to input) of an 
adjacent undriven amplifier. 

COMMON MODE INPUT VOLTAGE (VIC) - The average 
of the voltages present at the differential input terminals. 

COMMON MODE INPUT VOLTAGE RANGE (VICR) - The 
range of voltage that if exceeded at either input terminal will 
cause the amplifier to cease operating properly. 

COMMON MODE REJECTION RATIO (CMRR) - The ratio 
of change in input offset voltage to change in input 
common-mode voltage, expressed in dB. 

CMRR = 20 x 10910 (~~M) 
COMMON MODE RESITANCE (ricl- The ratio of change 
in input common-mode voltage to the resulting change in 
input current. 

DIFFERENTIAL INPUT RESISTANCE (rid) - The ratio of 
change in input differential voltage (small-signal, assumes 
amplifier operating linearly) to the resulting change in differ­
ential input current. 

FULL POWER BANDWIDTH (FPBW) - The maximum 
frequency at which a full scale undistorted (THO $ 1 %) sine 
wave can be obtained at the output of the amplifier. 

GAIN BANDWIDTH (GBW) - The open-loop gain of an op 
amp (in V N) at a mid-band, linear-region frequency 
(usually between 1 KHz and 10KHz) times that frequency 
(in Hz). GBW = [AvoLl • f 

INPUT BIAS CURRENT (lBIAS) - The average of the 
currents flowing into or out of the input terminals when the 
output is at zero volts. 

INPUT CAPACITANCE (CIN) - The equivalent capaci­
tance seen looking into either input terminal. 

INPUT NOISE CURRENT (In) - The input noise current 
that would reproduce the noise seen at the output if all 
amplifier noise sources were set to zero and the source 
impedances were large compared to the optimum source 
impedance. 

INPUT OFFSET CURRENT (lOS) - The difference in the 
currents flowing into the two input terminals when the 
output is at zero volts. 

INPUT OFFSET VOLTAGE (VOS) - The differential D.C. 
voltage required to zero the output voltage with no input 
signal or load. Input offset voltage may also be defined for 
the case where two equal resistances are inserted in series 
with the input leads. 

INPUT NOISE VOLTAGE (en) - The input noise voltage 
that would reproduce the noise seen at the output if all the 
amplifier noise sources and source resistances were set to 
zero. 

LARGE SIGNAL VOLTAGE GAIN (Ay) - The ratio of the 
peak to peak output voltage swing (over a specified range) 
to the change in input voltage required to drive the output. 

OUTPUT CURRENT (lOUT) - The output current available 
from the amplifier at some specified output voltage. 

OUTPUT RESISTANCE (RO) - The ratio of the change in 
output voltage to the change in output current. 

OUTPUT SHORT CIRCUIT CURRENT (lSC) - The output 
current available from the amplifier with the output shorted 
to ground (or other specified potential). 

OUTPUT VOLTAGE SWING (VOUT) - The maximum 
output voltage swing, referred to ground, that can be 
obtained under specified loading conditions. 

OVERSHOOT - Peak excursion above final value of an 
output step response. 

POWER SUPPLY REJECTION RATIO (PSRR) - The ratio 
of the change in input offset voltage to the change in power 
supply voltage producing it. 

RISE TIME (tr) - The time required for an output voltage 
step to change from 10% to 90% of its final value, when the 
input is subjected to a small-signal voltage pulse. 

SETTLING TIME (tsetJ - The time required, after applica­
tion of a step input signal, for the output voltage to settle and 
. remain within a specified error band. around the final value. 

SLEW RATE (SR) - The rate of change of the output under 
large-signal conditions. Slew rate may be specified 
separately for both positive and negative going changes. 

SUPPLY CURRENT (IS) - The current required from the 
power supply to operate the amplifier with no load and the 
output at zero volts. 

SUPPLY VOLTAGE RANGE - The range of power supply 
voltage over which the amplifier may be safely operated. 

UNITY GAIN BANDWIDTH - The frequency range from 
D.C. to that frequency where the amplifiers open loop gain 
is unity. 
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mHARRIS HA-24 00/04/05 
PRAM Four Channel 

Programmable Amplifier 

Features Applications 
• Programmability • Thousands of Applications; Program: 

• High Rate Slew ............................. 30V /flS • Signal Selection/Multiplexing 

• Wide Gain Bandwidth ...................... 40MHz 

• High Gain ....••.............•.••.......... 150kVN 

• Low Offset Current. . . . . . . . . . . . . • . . . . . . . . . . . . .. 5nA 

• High Input Impedance ..••..•.........•..••.. 30MO 

• Single Capacitor Compensation 

• DTL/TTL Compatible Inputs 

Description 
HA-2400/04/05 comprise a,. series of four-channel 
programmable amplifiers providing a level of versatility 
unsurpassed by any other monolithic operational amplifier. 
Versatility is achieved by employing four input amplifier 
channels, anyone (or none) of which may be electronically 
selected and connected to a single output stage through 
DTL/TTL compatible address inputs. The device formed by 
the output and the selected pair of inputs is an op amp 
which delivers excellent slew rate, gain bandwidth and 
power bandwidth performance. Other advantageous 
features for these dielectrically isolated amplifiers include 
high voltage gain and input impedance coupled with low 
input offset voltage and offset current. External 
compensation is not required on this device at closed loop 
gains greater than 10. 

Pinout 
HA1-2400 (CERAMIC DIP) 

TOP VIEW 

TRUTH TABLE 

SELECTED 

01 DO EN CHANNEL 

L L H 1 

L H H 2 

H L H 3 

H H H 4 

X X L NONE 

Schematic 

• Operational Amplifier Gain 

• Oscillator Frequency 

• Filter Characteristics 

• Add-Subtract Functions 

• Integrator Characteristics 

• Comparator Levels 
• For Further Design Ideas, See App. Note 514. 

Each channel of the HA-2400/04/05 can be controlled and 
operated with suitable feedback networks in any of the 
standard op amp configurations. This specialization makes 
these amplifiers excellent components for multiplexing 
signal selection, and mathematical function designs. With 
30V/lls slew rate, 40MHz gain bandwidth, and 30M ohms 
input impedance these devices are ideal building blocks for 
signal generators, active filters, and data acquisition 
designs. Programmability coupled with 2mV typical offset 
voltage and 5nA offset current makes these amplifiers 
outstanding components for signal conditioning circuits. 

HA-2400/04/05 are available in a 16 pin Dual-In-Line 
package. HA-2400 is specified from -550 C to +1250 C. 
HA-2404 is specified over the -250 C to +850 C range, while 
HA-2405 operates from OOC to +750C. 

HA-2400 

DO DI 

Diagram Includes: One Input Stage, Decode Control, 
Bias Network, and Output Stage. 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HA-2400/04/05 

Absolute Maximum Ratings 
Voltage between V+ and V- Terminals .................... 45.0V 
Ditferentiallnput Voltage ........................... ±VSUPPL Y 
DigitallnputVoltage ......................... -0.76Vto+10.0V 
Output Current ......................... Short Circuit Protected 

(lSC < ±33mA) 
Intemal Power DIssipation (Note 13) ••••.••••..••.•..... 300mW 

Operating Temperature Ranges 
HA-24oo .............................. -550C.::;TA,S,+125OC 
HA-2404 ............................... -250C,S,TA's' +850C 
HA-2405 ................................. 00C,S,TA,S,+750C 
Storage Temperature Range ............. -650C.::; T A's' + 1500c 

Electrical Specifications Test Conditions: VSUPPL Y = ±15.0V Unless Otherwise Specified. 
Digital Inputs: VIL = +0.5V, VIH = +2.4. Limits apply to each of the four channels, when addressed. 

PARAMETER 

INPUT CHARACTERISTICS 

Offset Voltage 

Bias Current (Note 12) 

Offset Current (Note 12) 

Input Resistance (Note 12) 
Common Mode Range 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Notes 1, 5) 

Common Mode Rejection Ratio 
(Note 2) 

Gain Bandwidth (Notes 3,14) 
(Notes 4,14) 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 1) 
Output Current 
Full Power Bandwidth (Notes 3,5,15) 

(Notes 4,5,15) 

TRANSIENT RESPONSE 

Rise Time (Notes 4,6) 
Overshoot (Notes 4,6) 
Slew Rate (Notes 3,7) 

(Notes 4,7,14) 
Settling Time (Notes 4,7,8,14) 

CHANNEL SELECT CHARACTERISTICS 

Digital Input Current (VIN = OV) 
Digital Input Current (VIN = +5.0V) 
Output Delay (Notes 9,14) 
Crosstalk (Note 1 0) 

POWER SUPPLY CHARACTERISTICS 

Supply Current 
Power Supply Rejection Ratio (Note 11 ) 

NOTES: 

1. RL = 2kO 

2. VCM = ±SVDC 

3. AV = +10, CCOMP = 0, RL = 2kO, CL = SOpF. 

4. AV = +1, CCOMP = ISpF, RL = 2kO, CL = SOpF. 

S. VOUT = 20V peak to peak. 

6. VOUT = 200mV peak. 

7. Your = 10.0V peak to peak. 
8. To 0.1% of final value. 

TEMP MIN 

+250C -
Full -

+250C -
Full -

+250C -
Full -

+25OC -
Full ±9.0 

+250C 50k 
Full 25K 

Full 80 
+250C 20 
+250C 4 

Full ±10.0 
+250C 10 
+250C 200 
+250C 100 

+250C -
+250C -
+250C 20 
+250C 6 
+250C -

Full -
Full -

+250C -
+250C -80 

+250C -
Full 74 

9. To 10% of final value; output then slews at normal rate to final value. 

HA-2400/04 HA-2405 
LIMITS LIMITS 

TYP MAX MIN TYP MAX UNITS 

4 9 - 4 9 mV 
- 11 - - 11 mV 

50 200 - 50 250 nA 
- 400 - - 500 nA 
5 50 - 5 50 nA 
- 100 - - 100 nA 

30 - - 30 - MO 
- - ±9.0 - - V 

150k - 50k 150k - VN 
- - 25K - - VN 

100 - 74 100 - dB 
40 - 20 40 - MHz 
8 - 4 8 - MHz 

±12.0 - ±10.0 ±12.0 - V 
20 - 10 20 - rnA 

500 - 200 500 - kHz 
200 - 100 200 - kHz 

20 45 - 20 50 ns 
25 40 - 25 40 % 
30 - 20 30 - V/~s 

8 - 6 8 - V/~s 

1.5 2.5 - 1.5 2.5 ~s 

1 1.5 - 1 1.5 rnA 
5 - - 5 - nA 

100 250 - 100 250 ns 
-110 - -74 -110 - dB 

4.8 6.0 - 4.8 6.0 rnA 
90 - 74 90 - dB 

10. Unselected input to output; VIN = ±10V D.C. 

11. VSUPPLY = ±10V D.C. to ±20V D.C. 
12. Unselected channels have approximately the same input parameters. 

13. Derate by 4.3mW/oC above 1OSoC. 

14. Guaranteed by design. 

15. Full Power Bandwidth based on slew rate measurement using: 

FPBW=~ 
2n Vpeak 

2-10 



HA-2400/04/05 

Typical Performance Curves v+ = +15V D.C., V- = -15V D.C., TA = +250 C, Unless Otherwise Specified. 
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HA-2400/04/05 

Typical Performance Curves (Continued) 

OUTPUT VOLTAGE SWING vs. FREQUENCY 
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Typical Applications 

HA-2400 
AMPUFIER, NON-INVERTING PROGRAMMABLE GAIN 
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EQUIVALENT INPUT NOISE VS. BANDWIDTH 
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BROADBAND NOISE CHARACTERISTICS 
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HA-2400 
SAMPLE AND HOLD 

11 
Sample Charging Rate; C V/Sec. 

Hold Drift Rate = ~ VlSec. 
C 

SwHch Pedestal Error = .9.. Volts 
C 

11~150 x 10-6A 

12",,200 x 1Q-9A @ +250C 

",,600 x 1Q-9A @-550C 

100 x 1Q-9A @ +1250C 

Q::::2 x 10-12 Coul. 

For More Examples. See Harris Application Note 514 



~RIS 

Features 

• TTL Compallble Inputs 

• Single Capacitor Compensallon 

• Low Crolltalk ....................................................... -110dB 

• High Slew Rate ...................................................... 20V/p.s 

• Low Offset Current .................................................... 5nA 

• Offset Voltage ............................................................. 7mV 

• High Gain-Bandwidth ........................................... 30MHz 

• High Input Impedance ............................................ 30MO 

Description 

The HA-2406 is a monolithic device consisting of four op 
amp input stages that can be individually connected to 
one output stage by decoding two TTL lines into four 
channel select signals. In addition to allowing each 
channel to be addressed, an enable control disconnects 
all input stages from the output stage when asserted low. 

Each input-output combination of the HA-2406 is 
designed to be a 20V/p.s, 30MHz gain-bandwidth amplifier 
that is stable at a gain of ten but by connecting one ex­
ternal 15pF capacitor all amplifiers are compensated for 
unity gain operation. The compensation pin may also be 
used to limit the output swing to TTL levels through suit­
able clamping diodes and divider networks (see Applica­
tion Note 514). 

Pinout 
HA3-2406-S 
HA1-2406-S 

TOP VIEW 

SELECTED 
01 DO EN CHANNEL 

L L H 1 

Schematic 

HA-2406 
Digitally Selectable Four Channel 

Operational Amplifier 

Applications 

• Digital Control Of: 

~ Analog Signal Multiplexing 
~ Op Amp Gains 
~ Oscillator Frequencies 
~ Filter Characterlsllcs 
~ Comparator Levels 

• For Further Design Ideas See App. Note 514 

Dielectric isolation and short-circuit protected output 
stages contribute to the quality and durability of the 
HA-2406 When used as a simple amplifier, its dynamic 
performance is very good and when its added versatility is 
considered, the HA-2406 is unmatched in the analog 
world. It ciln replace a number of individual components 
in analog signal conditioning circuits for digital signal 
processing systems. Its advantages include saving board 
space and reducing power supply requirements. 

The HA-2406 is available in a 16 pin dual-in-line package 
and is guaranteed for operation over the full commercial 
temperature range (OOC to +750 C). 

HA-2406 

L H 

H L 

H 

H 

2 

3 

Diagram InCludes: One Input Stage, Decode Control, 
Bias Network, and Output Stage. 

H H H 4 

X X L NONE 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HA-2406 

Absolute Maximum Ratings 
Voltage Between V+ and V· Terminals ..................... 45.0V Internal Power Dissipation ......................................... 300mW 
Differential Input Voltage ................................... ±VSupply 
Digital Input Voltage ................................. ·O.76V to +10.0V 

Operating Temperature Range .......... OoC :S T A :S +750 C 
Storage Temperature Range ........ ·650 C :S T A :S +1500 C 

Output Current .............................. Short Circuit Protected 
(lsc :S ±33mA) 

Electrical Specifications Test Conditions: VSupply = ±15.0V Unless Otherwise Specified. 
Digital Inputs: VIL = +O.5V, VIH = +2.4V. Limits apply to each of the four channels, 
when addressed. 

HA-2406 
LIMITS 

PARAMETER TEMP MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +250C 7 10 mV 
Full 12 mV 

Bias Current (Note 12) +250C 50 250 nA 
Full 500 nA 

Offset Current (Note 12) +250C 5 50 nA 
Full 100 nA 

Input Resistance (Note 12) +250C 30 MO 
Common Mode Range Full ±9.0 V 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Notes 1, 5) +250C 40K 150K V/V 
Full 20K V/V 

Common Mode Rejection Ratio (Note 2) Full 74 80 dB 
Gain Bandwidth (Note 3, 15) +250C 15 30 MHz 

.. Ga!n Bandwidth (Note 4, 15) +250C 3 6 MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 1) Full ±10.0 ±12.0 V 
Output Current (Note 13) +250C 10 15 rnA 
Full Power Bandwidth (Notes 3, 5, 14, 15) +250C 240 320 kHz 
Full Power Bandwidth (Notes 4, 5, 14) +250C 64 95 kHz 

TRANSIENT RESPONSE 

Rise Time (Notes 4, 6) +250C 30 100 ns 
Overshoot (Notes 4, 6) +250C 25 40 % 
Slew Rate (Notes 3, 7, 15) +250C 15 20 V/IlS 
Slew Rate (Notes 4, 7) +250C 4 6 Vlus 
Settling Time (Notes 4,7,8,15) +250C 2.0 3.5 Jl.S 

CHANNEL SELECT CHARACTERISTICS 

Digital Input Current (VIN = OV) Full 1.5 rnA 
Digital Input Current (VIN = +5.0V) Full 15 nA 
Output Delay (Note 9. 15) +250C 150 300 ns 
Crosstalk (Note 10) +250C -74 -110 dB 

POWER SUPPLY CHARACTERISTICS 

Supply Current +250C 4.8 7.0 rnA 
Power Supply Rejection Ratio (Note 11) Full 74 90 dB 

NOTES: 
1. RL = 2kO 10. Unselected input to output; VIN = ±10V D.C. 
2. VCM = :l:5VDC 11. VSUPPLY = :l:l0V D.C. to :l:20V D.C. 
3. AV = +10, CCOMP = 0, RL = 2kO, CL = 50pF. 12. Unseleeted channels have approximately the same Input parameters. 
4. AV = +1, CcOMP = 15pF, RL = 2kO, CL = 50pF. 13. VOUT = :l:l0V. 
5. Your = 20V peak to peak. 14. Full Power Bandwidth based on slew rate measurement using: 
6. VOUT = 200mV peak. FPBW= ~ 
7. VOUT - 10.0V peak 10 peak. 2" Vpeak 
8. To 0.1% of final value. 

15. Sample Tested. 9. To 10% of final valu.e; output then slews at normal rate to final value. 
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HA-2406 

Typical Performance Curves v+ = +15V D.C., V- = -15V D.C., TA = +250 C, Unless Otherwise Specified. 
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VS. TEMPERATURE 
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HA-2406 

Typical Performance Curves (Continuedj 

OUTPUT VOLTAGE SWING VS. FREQUENCY 
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Typical Applications 
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EQUIVALENT INPUT NOISE VS. BANDWIDTH 
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Upper 3dB Frequency 
Lower 3dB Frequency -10Hz 

Broadband Noise Characteristics 

SLEW RATE AND TRANSIENT RESPONSE 

AV= 1 

~I 
:r:!.l 

SELECTED 
CHANNel 

COMP 
lSpF 

1--~-_""-o1'lS.0V 

>+-4---.... -o00T 

100Q 

HA-2406 

SAMPLE AND HOLD 

Sample charging rate = .!lV/sec. 
C 

Hold drift rate = 2 Vlsec. 
C 

Switch pedestal error = £ Volts 
C 

11 ~ 150 x 10-S A 

12 ~ 200 x 10-9 A at +250 C 

= SOO x 10-9 A at -550C 

~100 x 10-9 A at +1250C 

Q ~ 2 x 10-12 Coui. 

For more examples, see Harris Application Note 514. 



;m~RIS HA·2500/02/05 

Features 

• High Stew Rate ...................................................... 30V//.1s 

• Fast Settling ............................................................. 330ns 

• Wide Power Bandwidth ...................................... 500KHz 

Applications 

Precision High Slew Rate 
Operational Amplifiers 

• Data Acquisition Systems 

• R.F. Amplifiers 

• Video Amplifiers 

• High Gain Bandwidth ........................................... 12MHz • Signal Generators 

• High Input Impedance ............................................ 50Mll • Pulse Amplification 

• Low Offset Current .................................................. 10nA 

• Internally Compensated For Unity Gain Stability 

Description 

HA-2500/2502/2505 comprises a series of monolithic The gain and offset voltage figures of the HA-2500 series 
operational amplifiers whose designs are optimized to are optimized by internal component value changes while 
deliver excellent slew rate, bandwidth, and settling time the similar design of the HA-2510 series is maximized for 
specifications. The outstanding dynamic features of this slew rate. 
internally compensated device are complemented with 
low offset voltage and offset current. 

These dielectrically isolated amplifiers are ideally suited 
for applications such as data acqUisition, R.F., video, and 
pulse conditioning circuits. Slew rates of ±25V/l1s and 
330ns (0.1 %) settling time make these devices excellent 
components in fast, accurate data acquisition and pulse 
amplification designs. 12MHz small signal bandwidth and 
500kHz power bandwidth make these devices well suited 
to R.F. and video applications. With 2mV typical offset vol­
tage plus offset trim capability and 10nA offset current, 
HA-2500/2502/2505 are particularly useful components 
in signal conditioning designs. 

Pinouts 

HA7-2500/02/02 (CERAMIC MINI-DIP) 
HA3-2505 (PLASTIC MINI-DIP) 

TOP VIEW 

HA2-2500/02/05 (TO-99 METAL CAN) 
TOP VIEW 

COMP 

v-

Schematic 

OFFSET 

The HA-2500 and HA-2502 have guaranteed operation 
from -550 e to +1250 e and are available in hermetic metal 
can and ceramic miniDIP packages. Both are offered as a 
1883 military grade part with the HA-2502 also available in 
Lee package. The HA-2505 has guaranteed operation 
from ooe to +750 e and is available in plastic and ceramic 
miniDIP and metal can packages. Mil-Std-883 product 
and data sheets are available upon request. 

CAUTION: These devices are sensitive to electronic discharge. Proper Ie handling procedures should be followed 
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Specifications HA-25001250212505 

Absolute Maximum Ratings (Note 6) 

Voltage Between V+ and V- Terminals ........ . ...... 40.0V Operating Temperature Range 
Differential Input Voltage.............. ................. . ±15.0V HA-2510/2512 ..................... -550 C::; TA::; +1250 C 
Peak Output Current .................... .................. . ... 50mA HA-2515 ........ OOC::; T A::; +75 0C 
Internal Power Dissipation................. . ....... 300mW Storage Temperature Range ........ -650 C ::; T A::; +150oC 
I,.ead Solder Temperature (10 Seconds) ............... +2750 C Maximum Junction Temperature. . .... +1750 C 

Electrical Specifications v+ =+15V D.C., V- = -15V D.C. 

PARAMETER 

INPUT CHARACTERISTICS 

Offset Yoltage 

Offset Yoltage Average Drift 

Bias Cu rrent 

Offset Current 

Input Resistance (Note 10) 

Common Mode Range 

TRANS FE R CHA RACTE R ISTI CS 

Large Signal Voltage Gain 
(Note 1,4) 

Common Mode Rejection Ratio 
(Note 2) 

Gain Bandwidth Product (Note 3) 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 1) 

Output Current (Note 4) 

Full Power Bandwidth (Notes 4,11) 

TRANSIENT RESPONSE 

Rise Time (Notes 1,5,7 & 8) 

Overshoot (Notes 1,5,7 & 8) 

Slew Rate (Notes 1,5,8 & 12) 

Settling Time to 0.1% 
(Notes 1,5,8 & 12) 

TEMP. 

+25 0 C 
Full 

Full 

+25 0 C 
Full. 

+25 0 C 
Full 

+25 0 C 

Full 

+25 0 C 
Full 

Full 

+25 0 C 

Full 

+25 0 C 

+25 0 C 

+25 0 C 

+250 C 

HA-2500 
-550C to +1250C 

MIN TYP MAX 

20 

100 200 
400 

10 25 

25 

± 10.0 

50 

20K 30K 
15K 

80 90 

12 

±10.0 ±12.0 

± 10 ±.20 

350 500 

25 

25 

50 

50 

40 

+250 C ± 25 ±30 

+25 0 C 0.33 

POWER SUPPLY CHARACTERISTICS 

Supply Current +25 0 C 4 

Power Supply Rejection Ratio 
(Note 9) 

NOTES: 1. RL 0 2Kll 

2. VCM 0 ±10V 

3. AV>10 

4. VO=±10.0V 

5. CL 0 50pF 

Full 80 90 

6. Absolute Maximum Ratings are limiting 
values, applied individually, beyond 
which the serviceability of the circuit 
may be impaired. 

7 Vo 0 ±200mV 

8. See Transient Response Test 
Circuits and Waveforms. 
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HA-2502 
-550C to +1250C 

MIN TYP MAX 

20 

± 10.0 

4 

20 

125 

20 

50 

15K 25K 
10K 

74 90 

12 

±.10.0 ±12.0 

:tl0 ±.20 

300 500 

25 

25 

±.20 ±.30 

74 

0.33 

4 

90 

8 
10 

250 
500 

50 
100 

50 

50 

HA-2505 
OOC to + 750C 

MIN TYP MAX 

20 

± 10.0 

4 

20 

125 

20 

50 

15K 25K 
10K 

74 90 

12 

±10.0 ±'12.0 

±.10 ±.20 

300 500 

25 

25 

±. 20 ±. 30 

74 

0.33 

4 

90 

8 
10 

250 
500 

50 
100 

50 

50 

UNITS 

mY 
mY 

pY IOC 

nA 
nA 

nA 
nA 

MSl 

V 

V/V 
V/V 

dB 

MHz 

V 

mA 

KHz 

ns 

% 

V Ips 

ps 

mA 

dB 

9. dV 0 ±5.0V 12. VOUT 0 ±5V. 

10. This parameter value is based on 

design calculations 

11. Full Power Bandwidth guaranteed based 

on slew rate measurement using: 

FPBW 0 S.R.!2rrVpeak' 
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Performance Curves V+ = +15VDC, V- = -15VDC, TA = +250 C, Unless Otherwise Stated 
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Typical Performance Curves (Continued) 
POWER SUPPLY CURRENT 

« 
E -c: :: 
" t..> 

vs TEMPERATURE 

./ 

3~~5~O---_2~5--~O--~'~25--~'5~O--~'7~5--~'1~OO--'~'25' 

Temperature DC 

Test Circuits 

SLEW RATE AND 
SETILING TIME 

TRANSIENT RESPONSE 

INPUT +J'V L 
-'v t 
"V:==:::: -I. T 

OUTPUT SO% : 'l\V i EARORBAND 

__ '.E.." _.J_ I +lOn1VFROM 

-5V -- I ~ ~~\~ : FINAL VALUE 

I! \Tln.W/.\T I 

'SeTILlNG TIM/ 

INPUT±2"] 
'mV L 

±2DDmV 
OVERSHOOT 

."'- -------
OUTPUT I 

"" 
I 

-- I 
'mV I I 

----1 I--RISETIME 

I I 

VOLTAGE FOLLOWER PULSE RESPONSE 

7 
v 

RL = 2KIl, CL = 50pF 

Upper Trace: Input 

Lower Trace: Output 

SLEW RATE AND 
TRANSIENT RESPONSE 

I" 
Vertical = 5VIDiv. 

Horizontal;;: 200ns/Oiv. 

T A = +2SoC, Vs = ±15.0V 

SUGGESTED 
VOS ADJUSTMENT 

NOTE: Measurement on both positive and negative 
transitions from OV to +200mVand OV to 
-200mV at the output. 

Tested Offset Adjustment Range is I VOS +1 mV I 
minimum referred to output. Typical ranges is 
±8mV with RT = 20k!l. 

Settling Time Circuit 

r-1_NPU-=-T-=,~~_"'_2k""_':~~;==Z~"""'V~~~ 
~~~ , .. 1 

OUTPUT 

2K! ~ 

2~~~G~~ ________________ ~~ __ ~ 

2K,~ CR2 ,Q' SETTLING TIME • AV=-1 TEST POINT 

CR! • Feedback and Summing ReSistors Should 
be 0.1% Matched 

--=- --=-

Die Characteristics 

Transistor Count , , ................................. 40 
Die Dimensions ....................... 57 x 65 x 19 mils 
Substrate Potential ........................... Unbiased 
Process .................................... Bipolar-DI 
Thermal Constants (OC/W) Sja Sjc 

HA2- Metal Can (-2, -5, -7) 202 56 
HA2- Metal Can (-8, /883) 168 52 
HA3- Plastic Mini-DIP (-5) 84 34 
HA4- Ceramic LCC (/883) 97 35 
HA7- Ceramic Mini-DIP (-8, /883) 138 63 
HA7- Ceramic Mini-DIP (-2, -5, -7) 204 112 

• Clipping Diodes CR1 and CR2 are Optional. 
HP5082·2810 Recommended 
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mJ HARRIS HA·251 0/12/15 
High Slew Rate 

Operational Amplifiers 

Features Applications 

• High Slew Rate ...................................................... 6OV/IlS • Data Acquisition Systems 

• Fast Settling ............................................................. 250ns • R.F. Amplifiers 

• Wide Power Bandwidth ................................... 1,OOOKHz • Video Amplifiers 

• High Gain Bandwidth ........................................... 12MHz • Signal Generators 

• High Input Impedance .......................................... 100M!l • Pulse Amplification 

• Low Offset Current .................................................. 10nA 

• Internally Compensated For Unity Gain Stability 

Description 

HA-2510/2512/2515 are a series of high performance 
operational amplifiers which set the standards for maxi­
mum slew rate, highest accuracy and widest bandwidths 
for internally compensated monolithic devices. In addi­
tion to excellent dynamic characteristics, these dielectri­
cally isolated amplifiers also offer low offset current and 
high input impedance. 

The ±60V/IlS slew rate and 250ns (0.1%) settling time of 
these amplifiers is ideally suited for high speed D/A, AID, 
and pulse amplification designs. HA-2510/2512/2515's 
superior 12MHz gain bandwidth and 1000kHz power­
bandwidth is extremely useful in R.F. and video applica-

Pinouts 

HA7-251 0/12/15 (CERAMIC MINI-DIP) 
HA3-2515 (PLASTIC MINI-DIP) 

TOP VIEW 

HA2-2510/12/15 (TO-99 METAL CAN) 
TOP VIEW 

COMP 

Schematic 

tions. For accurate signal conditioning these amplifiers 
also provide 10nA offset current, coupled with 100MO in­
put impedance, and offset trim capability. 

The HA-2510 and HA-2512 have guaranteed operation 
from -550 e to +1250 e and are available in metal can and 
ceramic miniDIP packages. Both are offered as a 1883 
military grade part with the HA-2512 also available in Lee 
package. The HA-2515 has guaranteed operation from 
ooe to +750 e and is available in plastic and ceramic 
mini DIP and metal can packages. Mil-Std-883 product 
and data sheets are available upon request. 

CAUTION: These devices are sensitive to electronic discharge. Proper Ie handling procedures should be followed. 
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Specifications HA-251 01251212515 

Absolute Maximum Ratings (Note 6) 

Voltage Between V+ and V- Terminals .................... 40.0V Operating Temperature Range 
Differential Input Voltage ... ........ ....... ...... ±15.0V HA-2510/2512 .. . .... . . . , . . . . . . . ....... -55 0 C S TA S +125 0 C 
Peak Output Current . . . . . . . . . ............ ... , .. ......... .. 50mA HA-2515 .... . ......... . ......... .. OOC S T A S +750 C 
Internal Power Dissipation .. ................ .. ......... ..... 300mW Storage Temperature Range . .. . ... -650 C S TA S +150oC 
Lead Solder Temperature (10 Seconds) . . . . . . . . . . . ... +2750 C Maximum Junction Temperature . . . . . . . . . . . . . ....... " .. +1750 C 

Electrical Specifications v+ =+15V D.C., V- = -15V D.C. 

HA-2510 HA-2512 HA-2515 
-55 0 C to +125 0 C -55 0 C to +1250 C OOC to + 750 C 

PARAMETER TEMP. MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +25 0 C 4 8 5 10 5 10 mV 
Full 11 14 14 mV 

Offset Voltage Average Drift Full 20 25 30 /lV/oC 

Bias Current +25 0 C 100 200 125 250 125 250 nA 
Full 400 500 500 nA 

Offset Current +25 0 C 10 25 20 50 20 50 nA 
Full 50 100 100 nA 

Input Resistance (Note 101 +25 0 C 50 100 40 100 40 100 M.\2 

Common Mode Range Full .:t 10.0 .:t 10.0 .:t 1 0.0 V 

TRAI\ISFER CHARACTERISTICS 

Large Signal Voltage Gain +25 0 C 10K 15K 7.5K 15K 7.5K 15K V/V 
(Note 1,41 Full 7.5K 5K 5K V/V 

Common Mode Rejection Ratio Full 80 90 74 90 74 90 dB 
INote 21 

Gain Bandwidth Product INote 31 +250 C 12 12 12 MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Swing INote 11 Full .:t 10.0 .:t 12.0 .:t 10.0 .:t 12.0 .:t 10.0 :':. 12.0 V 

Output Currer.t INote 41 +25 0 C .:tl0 .:t20 .:tl0 :':.20 .:t 10 ± 20 mA 

Full Power Bandwidth +25 0 C 750 1000 600 1000 600 1000 kHz 
INote 4,111 

TRANSIENT RESPONSE 

Rise Time INotes 1,5,7 & 81 +25 0 C 25 50 25 50 25 50 ns 

Overshoot INotes 1,5,7 & 81 +25 0 C 25 40 25 50 25 50 % 

Slew Rate INotes 1,5,8 & 121 +25 0 C ±SO .:t 65 ±40 .:t60 .±.40 ± 60 V//ls 

Settling Time INotes 1, 5, 8& 121 +25 0 C 0.25 0.25 0.25 /ls 

POWER SUPPLY CHARACTERISTICS 

Supply Current +25 0 C 4 6 4 6 4 6 mA 

Power Supply Rejection Ratio Full 80 90 74 90 74 90 dB 

NOTES: 1. RL 0 2Kll 6. Absolute MaXimum Ratings are limiting 9. AV 0 ±5.0V 12. VOUT 0 =5V 
2. VCM 0 ±10V values, applied indiVidually, beyond 10 ThiS parameter value IS based on 
3. AV> 10 which the serviceability of the CirCUit deSign calculations. 

4. Vo 0 ±10.0V 
may be Impaired. 

11 Full Power Bandwidth guaranteed based 
7. Vo = ±200mV 

5. CL o50pF on slew rate measurement using 
8. See TranSient Response Test FPBW 0 S.R/2rrVpeak 

Circuits and Waveforms. 
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HA-25101251212515 Performance Curves 
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OUTPUT VOLTAGE SWING 
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HA-2510/2512/2515 Performance Curves (Continued) 

POWER SUPPLY CURRENT 
vs 

TEMPERATURE 

.. I /V./ 
VSUPI'LY.!20~, /~V" 

38 - V SUPPLY ,!lW 2t~+---::;~~&..q--1 
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Temperature DC 

Test Circuits 

SLEW RATE AND 
SETTLING TIME 

TRANSIENT RESPONSE 

I 

VOLTAGE FOLLOWER PULSE RESPONSE 

/ 
/ 

RL = 2Kll. CL = SOpF 

Upper Trace: Input 

Lower Trace: Output 

Vertical = SV/Div. 

Horizontal = 100ns/Oiv. 

TA = +2SoC, Vs = ±1S.0V 

I 

SLEW RATE AND 
TRANSIENT RESPONSE 

SUGGESTED 
VOS ADJUSTMENT 

INPUT J 
·s. L L " 0- )'"':'1'0<0 

:-~'"' 
·5. :==-- I 

OUTPUT 90% : f:jV : ~~ROR BAND 
__ '!" _J_i : +10mVfROM 

±200mv~-.':VER.!.Ho.!T_. _____ _ -- ---
90%-

2Kl~ 

·5V - - I SLEW I FINAL VALUE 

: ~ ~~~~t.T: 
'SETTLING TIM/ 

OUTPUT I 

'''' I __ I 

OmV I 
~ f-- RISE TIME 

, I 

NOTE: Measurement on both positive and negative 
transitions from OV to +200mV and OV to 
-200mV at the output. 

Tested Offset Adjustment Range is 
I VOS +1 mV I minimum referred to 
output. Typical ranges is ±8mV with 
RT = 20kO. 

Settling Time Circuit .. 

r,-NP-UT----'="~, ------,~~~~ 
~5'" ~~z~ '·'I 

OUTPUT 

ZIU! 

5Kl! 

+---1---<> SETTLING TIME 

C., • Av =-1 

.". 

•Q,TESTPOINT C., 
• Feedback and Summing Resistors Should 

be 0.11J/o Matched 

Die Characteristics 

Transistor Count ................................... 40 
Die Dimensions ....................... 57 x 65 x 19 mils 
Substrate Potential ........................... Unbiased 
Process .................................... Bipolar-DI 
Thermal Constants (OCIW) Sja Sjc 

HA2- Metal Can (-2, -5, -7) 202 56 
HA2- Metal Can (-8,/883) 168 52 
HA3- Plastic Mini-DIP (-5) 84 34 
HA4- Ceramic LCC (/883) 97 35 
HA7- Ceramic Mini-DIP (-8,/883) 138 63 
HA7-Ceramic Mini-DIP (-2, -5, -7) 204 112 

• Clipping Diodes CR1 and CR2 are Optional. 
HPS082-2810 Recommended 
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m~RIS HA·2520/22/25 
Uncompensated High Slew Rate 

Operational Amplifiers 

Features Applications 

• High Slew Rate .................................................... 120V I IlS • Data Acquisition Systems 

• Fast Settling ............................................................. 200ns • R.F. Amplifiers 

• Wide Power Bandwidth .................................... 2,000kHz 

• High Gain Bandwidth (AV ~ 3) .......................... 20MHz 

• High Input Impedance .......................................... 100Mll 

• Low Offset Current .................................................. 1 OnA 

Description 

HA-2520/2522/2525 comprise a series of monolithic 
operational amplifiers delivering an unsurpassed 
combination of specifications for slew rate, bandwidth 
and settling time. These dielectrically isolated amplifiers 
are controlled at close loop gains greater than 3 without 
external compensation. In addition, these high per­
formance components also provide low offset current and 
high input impedance. 

120V/IlS slew rate and 200ns (0.2%) settling time of these 
amplifiers make them ideal components for pulse 
amplification and data acquisition designs. These devices 
are valuable components for R.F. and video circuitry 
requiring up to 20MHz gain bandwidth and 2M Hz power 

Pinouts 

HA7-2520/22/25 (CERAMIC MINI-DIP) 
HA3-2525 (PLASTIC MINI-DIP) 

TOP VIEW 

HA2-2520/22/25 (TO-99 METAL CAN) 
TOP VIEW 

COMP 

v· 

Schematic 

BALANCE 

• Video Amplifiers 

• Signal Generators 

• Pulse Amplification 

bandwidth. For accurate signal conditioning designs the 
HA-2520/2522/2525's superior dynamic specifications 
are complimented by 10nA offset current, 200Mll input 
impedance and offset trim capability. 

The HA-2520 and HA-2522 have guaranteed operation 
from -550 e to +1250 e and are available in metal can and 
ceramic miniDIP packages. Both are offered in /883 grade 
with the HA-2522 also available in Lee package. The 
HA-2525 has guaranteed operation from ooe to +75 0 e 
and is available in plastic and ceramic miniDIP and metal 
can packages. Mil-Std-883 product and data sheets are 
available upon request. 

CAUTION: These devices are sensitive to electronic discharge. Proper Ie handling procedures should be followed. 
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Specifications HA-2520/2522/2525 

Absolute Maximum Ratings (Note 13) 

Voltage Between V+ and V- Terminals ..................... 40.0V Operating Temperature Range 

Differential Input Voltage ........................................ ±15.0V HA-2520/2522 ............................ -550 C S T A S +1250 C 

Peak Output Current .................................................. 50mA HA-2525 ........................................... OOC S T AS +75oC 

Internal Power Dissipation ...................................... 300mW Storage Temperature Range ........ -650C S T A S +150oC 

Lead Solder Temperature (10 Seconds) ............... +2750 C Maximum Junction Temperature ........................... +1750 C 

Electrical Specifications v+ =+15V D.C., V- = -15V D.C. 

PARAMETER 

INPUT CHARACTERISTICS 

Offset Voltage 

Offset Voltage Average Drift 

Bias Current 

Offset Cu rrent 

Input Resistance (Note 9) 

Common Mode Range 

TRANSFER CHARACTERISTICS 

TEMP 

+250C 
Full 

Full 

+250 C 
Full 

+250 C 
Full 

+250 C 

Full 

Large Signal Voltage Gain (Note 1,4) +250 C 
Full 

Common Mode Rejection Ratio Full 
(Note 2) 

Gain Bandwidth Product (Notes 3,12) +250C 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 1) 

Output Current (Note 4) 

Full Power Bandwidth (Notes 4,10) 

TRANSIENT RESPONSE (AV = +3) 

Rise Time (Notes I, 5, 6 & 8) 

Overshoot (Notes 1, 5, 6 & 8) 

Slew Rate (Notes 1, 5,8 & 11) 

Settling Time (Notes 1, 5, 8 &11) 

POWER SUPPLY CHARACTERISTICS 

Supply Current 

Power Supply Rejection Ratio (Note 7) 

NOTES: 

Full 

+250 C 

+250 C 

+250 C 

+250 C 

+250 C 

+250 C 

+250 C 

Full 

HA-252D 
-550 C to +1250C 

MIN TYP MAX 

4 

20 

8 
11 

100 200 
400 

10 25 

50 

± 10.0 

100 

10K 15K 
7.5K 

80 90 

10 20 

± 10.0 ± 12.0 

± 10 ±20 

1500 2000 

25 

25 

± 100 ±.120 

0.20 

80 

4 

90 

50 

50 

40 

HA-2522 
-550C to +1250C 

MIN TYP MAX 

40 

±. 10.0 

25 

125 

20 

100 

7.5K 15K 
5K 

74 90 

10 20 

± 10.0 ± 12.0 

± 10 ± 20 

1200 1600 

25 

25 

±.80 :!: 120 

0.20 

74 

4 

90 

10 
14 

250 
500 

50 
100 

50 

50 

1. RL = 2kll 6. Va::: ±200mV 9. This parameter value is based on 

2. VCM = ±10V 7. ~V::: ±5.0V deSign calculations. 

3. AV > 10 8. See Transient Response Test 10. Full Power Bandwidth guaranteed based 

4. Va = ±10.0V Circuits and Waveforms. on slew rate measurement using: 

5. CL = 50pF FPBW = S.R.l2"Vpeak. 
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HA-2525 
DOC to +750C 

MIN TYP MAX 

30 

10 
14 

125 250 
500 

20 50 

40 

±. 10.0 

100 

7.5K 15K 
5K 

74 90 

10 20 

±10.0 ±12.0 

±.10 ±20 

1200 1600 

25 

25 

±80 :!: 120 

0.20 

74 

4 

90 

11. VOUT = ±5V 

100 

50 

50 

12. Guaranteed by design. 

UNITS 

mV 
mV 

pV/oC 

nA 
nA 

nA 
nA 

Mrl 

V 

v/v 
V/V 

dB 

MHz 

V 

rnA 

kHz 

ns 

% 

Vips 

ps 

rnA 

dB 

13. Absolute Maximum Ratings are limiting 
values. applied indiVIdually, beyond 
which the serviceability of the circuit 
may be impaired. Functional operation 
under any of these conditions is not 
necessarily implied. 



HA-25201252212525 Performance Curves 
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HA-2520/2522/2525 Performance Curves (Continued) 

POWER SUPPLY REJECTION RATIO 
vs 

POWER SUPPLY CURRENT 
vs 

TEMPERATURE VOLTAGE FOLLOWER PULSE RESPONSE FREQUENCY 
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Upper Trace: Input; 1.67V/Oiv. 

Lower Trace: Output; SV/Oiv. 

Horizontal; 100ns/Oiv, 

TA ; +2SoC, VS; ±1SV 

Test Circuits 

SLEW RATE AND 
SETTLING TIME 

INPUT·'] 
-1.61V L 

TRANSIENT 
RESPONSE 

INPUT ~~J 
±zo~v 

'mV 

~ 
I 

L 

NOTE: Measurement on both positive and negative 
transitions from OV to +200mV and OV to 
-200mV at the output. 

Settling Time Circuit 

2000 
l! 

INPUT 181.211 

16" 
" 

+---..--<2 SETTLING TIME 
reSTrDINT 

'>!'--_--<p-_ ..... -<> OUTPUT 

200m 

4999.m 
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SLEW RATE AND 
TRANSIENT RESPONSE 

• Av;-3 

SUGGESTED 
VOS ADJUSTMENT 

~~ __ --oOUT 

Tested Offset Adjustment Range is 
IvOS +1mvl minimum referred to 
output. Typical range is +20mV to 
-18mV with RT = 20kO. 

• Feedback and Summing Resistor Ratios Should be 
0.1% matched. 

• Clipping Diodes CR1 and CR2 are Optional. 
HPS082-2810 Recommended. 



HA-25201252212525 

Typical Application 
'" 

10K '- I 
IN cr-t\I'V'-+-----I. -HA-;:;;-'" 

V 
,"O'F1 ~" 

OUT 

NOTE: Compensation Circuit for AV = -1 

Slew Rate ""120V/~s 

Bandwidth:::::::: 10MHz 

Capacitance at pin 8 must be minimized for 
maximum bandwidth. 

Settling Time (0_1%) "" 500ns 

Tested and functional with supply voltages from 
±4V to ±15V. 

Die Characteristics 

Transistor Count ................................... 40 
Die Dimensions ....................... 50 x 65 x 19 mils 
Substrate Potential ........................... Unbiased 
Process .................................... Bipolar-DI 
Thermal Constants (OC/W) Sja Sjc 

HA2- Metal Can (-2, -5, -7) 206 56 
HA2- Metal Can (-8,/883) 168 52 
HA3- Plastic Mini-DIP (-5) 90 39 
HA4- Ceramic LCC (/883) 99 37 
HA7- Ceramic Mini-DIP (-8, /883) 140 65 
HA7- Ceramic Mini-DIP (-2, -5, -7) 204 112 
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mHARRIS HA-2529 
Uncompensated, High Slew Rate 

High Output Current, Operational Amplifier 

Features 
• High Slew Rate ............................ 150V/lls 
• Fast Settling ••••..•••••.•••••••....•••••••.• 200ns 
• Wide Power Bandwidth ••••.•.••••..•.•••••••. 2M Hz 
• Wide Gain Bandwidth lAy ~ 3) •••..•••••••.• 20MHz 
• High Inputlmpedance •••••.••••.•••.••.•••. 130Mn 
• Low Offset Current •...•••••••••••••.•••••••. 200nA 
• High Output Current ••••••••••••.••••••••••. ±30mA 

Description 
The HA-2529 is a monolithic operational amplifier which 
typifies excellence of design. With a design based on years 
of experience coupled with the reliable dielectric isolation 
process, these amplifiers provide an outstanding 
combination of DC and AC parameters at closed loop gains 
greater than 3. 

The HA-2529 offers 150VlllS slew rate and fast settling 
time (200ns), while consuming a mere 6mA of quiesent 
current, making these amplifiers ideal components for video 
circuitry and data acquisition designs. With 20MHz 
gain-bandwidth combined with 7.5kVN open loop gain, the 
HA-2529 is an ideal component for demanding signal 
conditioning designs.These devices provide ±30mA output 

Pinouts Schematic 

Applications 
• Data Acquisition Systems 
• R.F. Amplifiers 
• Yldeo Amplifiers 
• Signal Generators 
• Pulse Amplification 

current drive with an output voltage swing of ±1 OV making 
then suited for pulse amplifier and R.F. amplifier 
components. 

The HA-2529 will upgrade output current, slew rate, offset 
voltage drift and offset current drift in systems presently 
using the HA-2520/22/25 or EHA-2520/22/25. 

The HA-2529-2 has guaranteed operation over the military 
temperature range (-550C to + 1250C) and the HA-2529-5 
has guaranteed operation over the commercial temperature 
range (DOC to +750C). MIL-STD-883 product and data 
sheets are available upon request. 

HA7-2529 (CERAMIC MINI-DIP) 
HA3-2529 (PLASTIC MINI-DIP) 

TOP VIEW 
OFFSET· OFFSET+ 

.w 
CONTROL 

PIN 1 BAll BAL2 v+ 

2DD 200 
030 .2M R2BB 

02. 

~.11 
~ h; 

44D 440 .,2 
0--- '.8K 1.8K 

• 2' .2 • .,3 - r-
----.lM Q15 

~Q16 0"1 3B Cl 

.:0 028 
Rl. lPF 

\ Q4. R9 
027 <>41 .. 08 012A 

Rl' 0138 
.. 

I. PUT+ R17 

HA2-2529 (TO-99 METAL CAN) 
TOP VIEW 

~O17 
~: 02A 

RIA 
02~·r-

Rl. 

011B 50 OUT 
Q128 ~ ,.. 

~~18 

PUT 

COMP 

)Q24 

3D 

~ DISA 
018 

019 
08 ~Q11A 

f(I: 02D 
A.. )05. 

09 

Q26 ., 025 02'1' 
aID 

0218 

fR" 

~D14 
Ltt22 fR •• 

.3. .,. 
ReA ~Rl0 v· 

INPUT· 

CAUTION: These devices are sens~lve to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HA-2529 

Absolute Maximum Ratings (Note 1) 

Voltage Between V+ and V- Terminals ................... 40.0V 
Differential Input Voltage ...............•....•.........•. :l:15V 
Output Current ..............•........•.......... 90mA (Peak) 
Intemal Power Dissipation (Note 10) ...........•....... 300mW 
Maximum Junction Temperature ................•...... +1750C 

Operating Temperature Ranges 

HA-2529-2 ............................ -550C ~ T A :S. + 1250C 
HA-2529-5 ............................... OOC ~ T A :S. + 750C 
Storage Temperature Range ............. -65OC :S. TA::;' +1500C 

Electrical Specifications Vs =:l:15V, CL = 50pF, RL = 2kn, Unless Otherwise Specified. 

HA-2529-2 HA-2529-5 
-550C to +1250C OOC to +750C 

PARAMETER TEMP MIN 

INPUT CHARACTERISTICS 

Offset Voltage (Note 8) +25OC -
Full -

Average Offset Voltage Drift (Note 8, 11) Full -
Bias Current (Note 8) +250C -

Full -
Average Bias Current Drift (Note 8) Full -
Offset Current (Note 8) +250C -

Full -
Average Offset Current Drift Full -
Common Mode Range Full :1:10 
Differential Input Resistance (Note 11) +250C 50 
Differential Input Capacitance (Note 11 ) +250C -
Input Noise Voltage (f = 1 kHz) +250C -
Input Noise Current (f = 1 kHz) +250C -
TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 3) +250C 10 
Full 7.5 

Common Mode Rejection Ratio (Note 5) Full 80 
Gain-Bandwidth Product (Note 2) +250C -
Minimum Stable Gain +250C 3 

OUTPUT CHARACTERISTICS 

Output Voltage Swing Full :1:10 
Full Power Bandwidth (Notes 3 & 6) +250C 2.1 
Output Current (Note 8) +250C 30 

Full 25 
Output Resistance (Open Loop) +250C -
TRANSIENT RESPONSE (AV = +3) 

Rise Time (Note 2, 7) +250C -
Overshoot (Note 2, 7) +250C -
Slew Rate (Note 3, 7) +25OC 135 
Settling Time (Note 4, 7) +250C -
POWER SUPPLY CHARACTERISTICS 

Supply Current Full -
Power Supply Rejection Ratio (Note 12) Full 80 

NOTE: 
1. Absolute maximum ratings are limning values, applied individually be· 

yond which the serviceabilny of the circuH may be impaired. Functional 
operability under any of these condnions is not necessarily implied. 

2. VOUT = :!:200mV, AV ~ 3. 

3. VOUT = :!:10V. 
4. Settling Time is specnied to 0.1 % of final value for a 1 OV output step and 

AV=-I. 

5. aVCM = :!: 10V. 

6. Full Power Bandwidth is guaranteed by equation: FPBW = S~ 
2nVpEAK 

TYP MAX MIN TYP MAX UNITS 

2 5 - 2 10 mV 
- 8 - - 14 mV 

10 - - 10 - ~VloC 
50 200 - 50 250 nA 
80 400 - 80 400 nA 
0.2 - - 0.2 - nAJOC 
5 25 - 5 50 nA 
10 50 - 10 100 nA 

0.02 - - 0.02 - nAfOC 
:1:13 - :1:10 :1:13 - V 
130 - 50 130 - Mn 

3 - - 3 - pF 
20 - - 20 - nVly'Hz 
1.8 - - 1.8 - pNy'HZ 

18 - 7.5 18 - kVN 
15 - 5 15 - kVN 

100 - 74 100 - dB 
20 - - 20 - MHz 
- - 3 - - VN 

:1:12 - :1:10 :1:12 - V 
2.6 - 2.1 2.6 - MHz 
35 - 30 35 - mA 
30 - 25 30 - rnA 
30 - - 30 - n 

20 45 - 20 50 ns 
10 30 - 10 30 % 

150 - 135 150 - V/~s 

200 - - 200 - ns 

4.5 6 - 4.5 6 mA 
90 - 74 90 - dB 

7. See Transient Response and Settling Time Test Circuns. 

8. Refer to typical performance curve in data sheet. 

9. VOUT = :!:5V. 
10. Refer to package thermal constants in Die Information section. 

11. Parameter is guaranteed by design and characterization data. 

12. aVS=:!:10Vto:!:20V. 
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HA-2529 

Test Circuits 

SLEW RATE AND 
SETTUNG TIME WAVEFORM 

+1.&1V,-_____ ., 

INPUT J L 
-l.81V 

OUTPUT __ l.!" _.J _ i 1 ~~o~o: fBR"o-; 

I ~ ~~\~ : FINAL VALUE 

~ .\T I ~!J.VI!J.T I 

SETTLINIiTIMl 

TRANSIENT 
RESPONSE WAVEFORM 

INPur L 
±200mV~_~VER.!.Ho.!T __ ...... ___ _ 

-- ---
90%-

ourpUT I 
,.. I -- , 

IImV I I 
--1 I--- RISE TIME 

I I 

NOTE: Measured on both positive and 
negative transitions from 0 to 
+200mV and 0 to -200mV. 

LARGE SIGNAL RESPONSE 
Vertical Scale: (200ns/Div.) 

Horizontal Scale: (2V/Div. Input) 
(5V/Div. Output) 

Settling Time Circuit 
.v 

INPUT .. un 

SLEW RATE AND 
TRANSIENT RESPONSE 

TEST CIRCUIT 

IN 

SUGGESTED 
Vas ADJUSTMENT 

~"'---<>OUT 

Tested Offset Adjustment is I VOS +1 mV I 
minimum referred to output. Typical 
range is +28mV to -18mV w~h 

RT = 20kO. 

SMALL SIGNAL RESPONSE 
Vertical Scale: (200ns/Div.) 

Horizontal Scale: (50mV/Div. Input) 
(100mV/Div. Output) 

>''----1r--..... ..,OUTPUT 

,.67 
n 

·v 

21144111E-4---------""""""--....I 

-n 

+--..,..-0 SETTLING TIME 
rESTPDINT 

.. 98un 
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• Av =-3 

• Feedback and summing resistor ratios should be 
0.1 % matched. 

• Clipping diodes CR1 and CR2 are optional. 
HP5082-2810 recommended . 



HA-2529 

Typical Performance Curves 
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TEMPERATURE (DC) 

OPEN LOOP GAIN VS. TEMPERATURE 
6 Typical Units From 3 Lots @ Vs = ±15V 

OUTPUT VOLTAGE SWING vs. SUPPLY VOLTAGE 
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HA-2529 

Typical Performance Curves (Continued) 
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HA-2529 

Typical Applications 

10K 

10K ~ 
IN ~o-"VVH~---1I,~. ~ 

..:~ f V>-..... _OOUT 

NOTE: Compensation Circuit for AV = -1 

Slew Rate""'120V/~s 

Bandwidth"'" 10MHz 

Settling Time (0.1 %) "'" 500ns 

Capacitance at pin 8 must be minimized for 
maximum bandwidth. 

Tested and functional with supply voltages from 
±4Vto ±15V. 

Die Characteristics 

Transistor Count ................................... 40 

Die Dimensions ............. 1660~m x 1300~m x 485~m 

(65 mils x 51 mils x 19 mils) 
Substrate Potential ................................. v-
Process .................................... Bipolar-DI 

Thermal Constants (OC/W) Sja Sjc 

HA2-Metal Can (-2, -5, -7) 206 56 

HA2-Metal Can (-8, /883) 168 52 

HA3-Plastic Mini-DIP (-5) 

HA4-Ceramic LCC (1883) 

HA7-Ceramic Mini-DIP (-8, /883) 

HA7-Ceramic Mini-DIP (-2, -5, -7) 

90 

99 
140 

204 

39 

37 

65 

112 
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FREQUENCY RESPONSE FOR 
INVERTING UNITY GAIN CIRCUIT 
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Features 
• Very High Slew Rate ........................................... 600V/J.ls 

• Open Loop Gain ................................................... 30kV/V 

• Wide Gain-Bandwidth (AV 2: 10) .................. 600MHz 
• Power Bandwidth ................................................. 9.5MHz 

• Low Offset Voltage .................................................... 8mV 

• Input Voltage Noise ......................................... 6nV/y'Hz 

• Output Voltage Swing ............................................. ±10V 

• Monolithic Bipolar Dielectric Isolation Construction 

Description 
The Harris HA-2539 represents the ultimate in high slew 
rate, wideband, monolithic operational amplifiers. It has 
been designed and constructed with the Harris High Fre­
quency Bipolar Dielectric Isolation process and features 
dynamic parameters never before available from a truly 
differential device. 

With a 600V/J.ls slew rate and a 600MHz gain bandwidth 
product, the HA-2539 is ideally suited for use in video and 
RF amplifier designs, in closed loop gains of 10 or greater. 
Full ±10V swing coupled with outstanding A.C. paramet­
ers and complemented by high open loop gain makes the 
devices useful in high speed data acquisition systems. 

HA-2539 
Very High Slew Rate Wideband 

Operational Amplifier 

Applications 
• Pulse and Video Amplifiers 

• Wldeband Amplifiers 
• High Speed Sample-Hold Circuits 

• RF Oscillators 

The HA-2539 is available in 14 pin ceramic and plastic DIP. 
The HA-2539-2 operates over -550 C to +1250 C 
temperature range while the HA-2539-5 and HA-2539C-5 
operates over the ()OC to +750 C range. 

For further design assistance please refer to Application 
Note 541 (Using The HA-2539 Very High Slew Rate 
Wideband Operational Amplifiers) and Application Note 
556 (Thermal Safe-Operating-Areas For High Current 
Operational Amplifiers). 

For military grade product information, the HA-2539/883 
data sheet is available upon request. 

Pinout Schematic 
HA1-2539/2539C (CERAMIC DIP) 
HA3-2539/2539C (PLASTIC DIP) 

TOP VIEW 

(N C) No Connection pins may be tied to a ground 
plane for beUer isolation and heat dissipation. 

CAUTION: These devices are sensitive to electostatic discharge. Proper IC handling procedures should be followed. 
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Specifications HA-2539 

Absolute Maximum Ratings (Note 1) Operating Temperature Range 

Voltage Between V+ and V- Terminals ........................ 35V HA-2539-2 ....................................... -550 C :S T A :S +1250 C 
Differential Voltage ....................................................... ±6V HA-2539/2539C-5 ............................. ooc :S T A :S +750 C 
Peak Output Current .................................................. 50mA Storage Temperature Range ........ -650 C :S TA :S +150oC 
Continuous Output Curren!.. .............................. 33mArms Maximum Junction Temperature ........................... +1750 C 
Internal Quiescent Power Dissipation (Note 2) .... 870mW 

(Ceramic DIP) 

Electrical Specifications VSUPPLY = ±15V, RL = 1 kO, CL:S 10pF, Unless Otherwise Specified. 

HA-2539-2 HA-2539-5 HA-2539C-5 
-550 C to +1250 C DOC to +750 C DOC to +750 C 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +250 C - 8 10 - 8 15 - 8 15 mV 
Full - 13 15 - 13 20 - 13 20 mV 

Average Offset Voltage Drift Full - 20 - - 20 - - 20 - /NloC 

Bias Current +250 C - 5 20 - 5 20 - 5 20 pA 
Full - - 25 - - 25 - - 25 pA 

Offset Current +250 C - 1 6 - 1 6 - 1 6 pA 
Full - - 8 - - 8 - - 8 pA 

Input Resistance +250 C - 10 - - 10 - - 10 - kn 

I nput Capacitance +250 C - 1 - - 1 - - 1 - pF 

Common Mode Range Full ±10 - - ±10 - - ±10 - - V 

Input Current Noise +250 C - 6 - - 6 - - 6 - pA/VHz 
(f = 1 KHz, RSOURCE = On) 

nV/jHz I nput Voltage Noise +250 C - 6 - - 6 - - 6 -
(f = 1 KHz, RSOURCES = On) 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain +250 C 10K 15K - 10K 15K - 7K 10K - V/V 
(Note 3) Full 5K - - 5K - - 5K - - V/V 

Common-Mode Rejection Ratio Full 60 72 - 60 72 - 60 72 - dB 
(Note 4) 

Minimum Stable Gain +250 C 10 - - 10 - - 10 - - V/V 

Gain Bandwidth Product +250 C - 600 - - 600 - - 600 - MHz 
(Notes 5 & 6) 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 3,10) Full ±10 - - ±10 - - ±10 - - V 

Output Current (Note 3) +250 C ±10 ±20 - ±10 ±20 - ±10 ±20 - mA 

Output Resistance +250 C - 30 - - 30 - - 30 - !l 

Full Power Bandwidth +250 C 8.7 9.5 - 8.7 9.5 - 8.7 9.5 - MHz 
(Notes 3 & 7) 

TRANSIENT RESPONSE (Note 8) 

Rise Time +250 C - 7 - - 7 - - 7 - ns 

Overshoot +250 C - 15 - - 15 - - 15 - % 

Slew Rate +250 C 550 600 - 550 600 - 550 600 - V/j.f3 

Settling Time: 10V Step to 0.1% +250 C - 180 - - 180 - - 200 - ns 

POWER REQUIREMENTS 

Supply Current Full - 20 25 - 20 25 - 20 25 mA 

Power Supply Rejection Ratio Full 60 70 - 60 70 - 60 70 - dB 
(Note 9) 
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NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, 
beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not 
necessarily implied. 

2. This value assumes a no load condition: Maximum power dissipation 
with load conditions must be designed to maintain the maximum 
junction temperature below +1750 C. By using Application Note 556 
on Safe Operating Area equations, along with the packaging thermal 
resistances listed in the die information section, proper load 
conditions can be determined. Heat sinking is recommended above 
+750 C with suggested models: 

Thermalloy #6007 (8SA = 400 CIW) or AAVID #5602B (BsA = 160 CIW). 

3. RL = 1kD, Vo = ±10V 

4. VCM = ±10V 

5. Vo = 90mV 

6. AV = 10. 

7. Full Power Bandwidth guaranteed based on slew 

rate measurement using FPBW = 
Slew Rate 

211'11PEAK 

8. Refer to Test Circuits section of data sheet. 

9. VSUPPLY = ±5VDC to ±15VDC 

10. Guaranteed range for output voltage is ±10V. Functional operation 
outside of this range is not guaranteed. 

Test Circuits TEST CIRCUIT 

A 

B 

INPUT 

SETTLE 
POINT 

IN 0----1 

LARGE SIGNAL RESPONSE 
Vertical Scale: A = O.SV IOiv., B ~ S.OV IOiv. 

Horizontal Scale: Time: SOns/Oiv. 

>-.._--QOUT 

goon 

loon 

Vs = ±15V 

Av = +10 

CL:5 10pF 

SMALL SIGNAL RESPONSE 
Vertical Scale: Input = IOmV/Oiv., Output = SOmV/Oiv. 

Horizdntal Scale: 20ns/Oiv. 

SETTLING TIME TEST CIRCUIT 

20011 

50011 

2KI1 

5Kn 

• Av = -10 

• Load Capacitance should be less than 10pF. 

• It is recommended that resistors be carbon composition and that feed­

back and summing network ratios be matched to 0.1%. 

• SETTLE POINT (Summing Node) capacitance should be less than 
10pF. For optimum settling time results, it is recommended that the test 

circuit be constructed directly onto the device pins. A Tektronix 568 

Sampling Oscilloscope with S-3A sampling heads is recommended as 

a settle point monitor. 
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Typical Performance Curves 
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Typical Performance Curves (Continued) 
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Applications 

FREQUENCY COMPENSATION 
COMPENSATION BY OVERDAMPING 

RT 
HA-2539 SeT AV = T + - = 5 

R5 TKn 

INPUT 

f RT 

REDUCING DC ERRORS 

COMPOSITE AMPLIFIER 

R4 TOKf! 

R2 

OUTPUT 

NOTE: No connect pins (NC) on the HA-2539 should be tied to a ground 
plane. 

Refer to Figure 4 in Application Note 541 for detailed Application 
suggestions. 

Die Characteristics 

Transistor Count ................................... 30 

Die Dimensions ....................... 75x61 x19mils 
(1910f.lm x 1550f.lm x 483f.lm) 

Substrate Potential (Powered Up)* .................... v-
Process ..................... High Frequency Bipolar-DI 

Passivation .................................... Nitride 

Thermal Constants (OC/W) Sja Sjc 

HA1-2539/2539CCeramicDIP 104 48 

HA3-2539/2539C Plastic DIP 95 46 

*The substrate may be left floating (Insulating Die Mount) or it may be 
mounted on a conductor at V- potential. 
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STABILIZATION USING ZIN 

-R2 
Set AV = - =-3 

RT 

DIFFERENTIAL GAIN ERROR (3%) 
HA-2539 20dB VIDEO GAIN BLOCK 



Ell HARRIS 

Features 
• Very High Slew Rate ........................................... 400VfIlS 

• Fast Settling Time ................................................... 200ns 

• Wide Gain-Bandwidth (AV ~ 10) ................. .400MHz 

• Power Bandwidth .................................................... 6MHz 

• Low Offset Voltage .................................................... BmV 

• Input Voltage Noise ......................................... 6nVf/Hi 

• Output Voltage Swing ............................................. ±10V 

• Monolithic Bipolar Construction 

Applications 

• Pulse and Video Amplifiers 

• Wideband Amplifiers 

• High Speed Sample-Hold Circuits 

• Fast, Precise Df A Converters 

HA-2540 

Description 

Wideband, Fast Settling 
Operational Amplifier 

The Harris HA-2540 is a wideband, very high slew rate, 
monolithic operational amplifier featuring superior speed 
and bandwidth characteristics. Bipolar construction 
coupled with dielectric isolation allows this truly differen­
tial device to deliver outstanding performance in circuits 
where closed loop gain is 10 or greater. Additionally, the 
HA-2540 has a drive capability of ±10V into a 1 Kf1 load. 
Other desirable characteristics include low input voltage 
noise, low offset voltage, and fast settling time. 

A 4001l1s slew rate ensures high performance in video and 
pulse amplification circuits, while the 400MHz gain-band­
width-product is ideally suited for wideband signal 
amplification. A settling time of 200ns also makes the 
HA-2540 an excellent selection for high speed Data 
Acquisition Systems. 

The HA-2540-2 is specified over the -550 C to +1250 C 
range while the HA-2540-5 and HA-2540C-5 is specified 
from OOC to +750 C. The HA-2540 and HA-2540C are 
available in the 14 pin Ceramic and Epoxy DIP packages. 

Refer to Application Note 541 and Application Note 556 
for more information on High Speed Op-Amp applica­
tions. MIL-STD-883 data sheet is available on request. 

Pinout Schematic 
HA1-2540/2540C (CERAMIC DIP) 
HA3-2540/2540C (PLASTIC DIP) 

TOP VIEW 

NC NC 

NC NC 

NC NC 

IN- V+ 

IN+ OUTPUT 

v- NC 

NC NC 

NC - No Connection. These PinS may be tied to a ground plane 
for added isolation and heat dissipation 

R22 

CAUTION: Electronic devices are sensitive to electrostatic discharge. Proper I.e. handling procedures should be followed. 
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Specifications HA-2540 

Absolute Maximum Ratings (Note 1) Operating Temperature Ranges 

Voltage Between V+ and V- Terminals ........................ 35V HA-2540-2 ....................................... -550 C S T A S +1250 C 
Differential Voltage ....................................................... ±6V HA-2540/2540C-5 ............................. ooC S T AS +750 C 
Output Current ..... 33mArms (Continuous). 50mA (Peak) Storage Temperature Range ........ -650 C S T A S +150oC 
Internal Power Dissipation (Note 2) ...... 870mW (Cerdip) Junction Temperature ............................................. +1750 C 

Electrical Specifications VSUPPL Y = ±15V, RL = 1 kO, CL S 10pF, Unless Otherwise Specified. 

HA-2540-2 HA-2540-5 HA-2S40C-5 
-550 C to +1250 C OoC to +750 C OOC to +750 C 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +250 C - 8 10 - 8 15 - 8 15 mV 
Full - 13 15 - 13 20 - 13 20 mV 

Average Offset Voltage Drift Full - 20 - - 20 - - 20 - iNloC 

Bias Current +250 C - 5 20 - 5 20 - 5 20 j.iA 
Full - - 25 - - 25 - - 25 j.iA 

Offset Current +250 C - 1 6 - 1 6 - 1 6 j.iA 
Full - - 8 - - 8 - - 8 j.iA 

Input Resistance +25 0 C - 10 - - 10 - - 10 - kll 

Input Capacitance +250 C - 1 - - 1 - - 1 - pF 

Common Mode Range Full ±10 - - ±10 - - ±10 - - V 

Input Noise Current +250 C - 6 - - 6 - - 6 - pA/.jHi 
(f = 1kHz, RSOURCE = 011) 

Input Noise Voltage +250 C - 6 - - 6 - - 6 - nV/.,fH; 
(I = 1 kHz, RSOURCES = 011) 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain +250 C 10K 15K - 10K 15K - 7K 10K - V/V 
(Note 3) Full 5K - - 5K - - 5K - - V/V 

Common-Mode Rejection Ratio Full 60 72 - 60 72 - 60 72 - dB 
(Note 4) 

Minimum Stable Gain +250 C 10 - - 10 - - 10 - - V/V 

Gain-Bandwidth-Product +250 C - 400 - - 400 - - 400 - MHz 
(Notes 5 & 6) 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 3, 10) Full ±10 - - ±10 - - ±10 - - V 

Output Current (Note 3) +250 C ±10 ±20 - ±10 ±20 - ±10 ±20 - rnA 

Output Resistance +250 C - 30 - - 30 - - 30 - !l 

Full Power Bandwidth +250 C 5.5 6 - 5.5 6 - 5.5 6 - MHz 
(Notes 3 & 7) 

TRANSIENT RESPONSE (Note 8) 

Rise Time +250 C - 14 - - 14 - - 14 - ns 

Overshoot +250 C - 5 - - 5 - - 5 - % 

Slew Rate +250 C 350 400 - 350 400 - 350 400 - V//-S 

Settling Time: 10V Step to 0.1% +250 C - 140 - - 140 - - 140 - ns 

POWER REQUIREMENTS 

Supply Current Full - 20 25 - 20 25 - 20 25 rnA 

Power Supply Rejection Ratio Full 60 70 - 60 70 - 60 70 - dB 
(Note 9) 
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HA-2540 

NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, 
beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 

2. This value assumes a no load condition: Maximum power dissipation 
with load conditions must be designed to maintain the maximum 
junction temperature below +17SDC. By using Application Note 556 on 
Safe Operating Area Equations, along with the packaging thermal 
resistances listed in the Die Information section, proper load 
conditions can be determined. Heat sinking is recommended above 
+750 C with suggested models: 

Thermalloy #6007 (eSA "'400 CIW) or AAVID #56028 (eSA "'160 CIW). 

3. RL = 1kn, Vo = ±10V. 

4. VCM = ±10V. 

5. Vo =90mV. 

6. AV = 10V. 

7. Full power bandwidth guaranteed based on slew rate measurement 

using: FP8W = ~ 
21TVpEAK 

8. Refer to Test Circuits section of the data sheet. 

9. VSUPPLY = ±5VDC to ±15VDC. 

10. Guaranteed range for output voltage is ±10V. Functional operation 
outside of this range is not guaranteed. 

Test Circuits LARGE AND SMALL SIGNAL RESPONSE 
TEST CIRCUIT 

A 

B 

IN 0----"" ..... 

LARGE SIGNAL RESPONSE 
Vertical Scale: (Volts: A = O.5V/Div., B = 5.0V/Div.) 

Horizontal Scale: (Time: 50ns/Div.) 

>p----oOUT 

gOOn 

100n AV = +10 
CL~10pF 

SMALL SIGNAL RESPONSE 
Vertical Scale: Input = 10mV/Div.; Output = 50mV/Div. 

Horizontal Scale: 20ns/Div. 

TURN-ON TIME DELAY TYPICALLY 4ns. 

SETTLING TIME TEST CIRCUIT 

200n 
INPUT o--p-""'.N"-.... --~ 

SETTLE 
POINT 

500n 

-v 

2-44 

• AV = -10. 

• Load Capacitance should be less than 10pF. Turn on time delay 
typically 4ns. 

• It is recommended that resistors be carbon composition and that 
feedback and summing network ratios be matched to 0.1%. 

• SETTLE POINT (Summing Node) capacitance should be less than 
10pF. For optimum settling time results, it is recommened thatthe test 
circuit be constructed directly onto the device pins. A Tektronix 568 
Sampling Oscilloscope with S-3A sampling heads is recommended 
as a settle point monitor. 
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Performance Curves 
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Applications 
WIDE BAND SIGNAL SPLITTER 

With one HA-2540 and two low capacitance switching diodes, signals exceeding 10MHz can be seperated. This circuit 
is most useful for full wave rectification, AM detectors or sync generation. 

2K 

200 

..... "V'V\,_c OF FSET 
ADJUST 

2K 

BOOTSTRAPPING FOR MORE OUTPUT CURRENT AND VOLTAGE SWING 

r-----~~------O+v 

SIGNAL IN 0-,,,..,..,..._-1 

NOTES: 
1. Used for experimental purposes. Cf"",3pF. 
2. C1 is optional (0.001 ~F _ 0.Q1 ~F ceramic) 

!SIGNALOUT 

R3* -= 
4K 

3. RS is optional and can be utilized to reduce input signal amplitude and/or balance input conditions. RS = 500.0 to 1 kn. 

Refer to Application Note 541 For Further Applications Information. 

Die Characteristics 

Transistor Count ................................... 30 
Die Dimensions ....................... 75 x 61 x 19 mils 

(1910flm x 1550flm x 483flm) 
Substrate Potential (Powered Up)* .................... v-

Thermal Constants (OC/W) 

HA 1-2540/2540C Ceramic DIP 

HA3-2540/2540C Plastic DIP 

9ja 

104 

95 

9jc 

48 

46 

Process ..................... High Frequency Bipolar-DI *The substrate may be left floating (Insulating Die Mount) or it may be 

Passivation .................................... Nitride mounted on a conductor at V- potential. 
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m~IS HA-2541 
Wideband, Fast Settling, Unity Gain Stable, 

Operational Amplifier 

Features 
• Unity Gain Bandwidth .......................................... 40MHz 

• High Slew Rate .................................................... 250V I /15 

• Low Offset Voltage ................................................. 0.8mV 

• Fast Settling Time (0.1%) ......................................... 90ns 

• Power Bandwidth .................................................... 4MHz 

• Output Voltage Swing (Min) .................................. ±10V 

• Unity Gain Stability 

• Monolithic Bipolar Dielectric Isolation Construction 

Description 
The HA-2541 is the first unity gain stable monolithic 
operational amplifier to achieve 40MHz unity gain 
bandwidth. A major addition to the Harris series of high 
speed, wideband op amps, the HA-2541 is designed for 
video and pulse applications requiring stable amplifier 
response at low closed loop gains. 

The uniqueness of the HA-2541 is that its slew rate and 
bandwidth characteristics are specified at unity gain. 
Historically, high slew rate, wide bandwidth and unity 
gain stability have been incompatible features for a 
monolithic operational amplifier. But features such as 
250V l/1s slew rate and 40MHz unity gain bandwidth clearly 
show that this is not the case for the HA-2541. These 
features, along with 90ns settling time to 0.1 %. make this 

Applications 
• Pulse and Video Amplifiers 

• Wideband Amplifiers 

• High Speed Sample-Hold Circuits 

• Fast, Precise 01 A Converters 

• High Speed AID Input Buffer 

product an excellent choice for high speed data 
acquisition systems. 

Packaged in a metal can (TO-B) or 14 pin ceramic DIP, the 
HA-2541 is pin compatible with the HA-2540and HA-5190 
op amps. The HA-2541-2 is specified over the temperature 
range of -550 C to +1250 C. The HA-2541-5 is specified 
over the temperature range of DoC to +750 C. For the 
military grade product, refer to the HA-2541 military data 
sheet. 

For further application suggestions on the HA-2541, 
please refer to Applicaton Note 550 (Using the HA-2541), 
and Application Note 556 (Thermal Safe-Operating­
Areas For High Current Operational Amplifiers). Also see 
'Applications' in this data sheet. 

Pinouts Schematic 

BAL 

HA1-2541 (CERAMIC DIP) 
TOP VIEW 

N.C. 

BALANCE 

N.C. 

N.C. 

BALANCE 

v+ 
OUTPUT 

N.C. 

N.C. 

HA2-2541 (TO-S METAL CAN) 
TOP VIEW 

VCASE = v-

CAUTION: Electronic devices are sensitive to electrostic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HA-2541 
.... 

Absolute Maximum Ratings (Note 1) Operating Temperature Range: ~ 
It) 

Voltage Between V+ and V- .......................................... 35V HA-2541-2 ....................................... -550 C :S T A :S +1250 C N 
I 

Differential Input Voltage ............................................. ±6V HA-2541-5 ............................................ OoC :S T A :S +750 C <C 
Peak Output Current .................................................. 50mA Storage Temperature Range ........ -650 C :S T A :S +1500 C J: 
Continuous Output Curren!... ............................. 28mArms Maximum Junction Temperature (Note 11) .......... +1750 C 

Electrical Specifications VSUPPLY = ±15 Volts; RL = 2k!l, CL:S 10pF, Unless Otherwise Specified 

HA-2541-2 HA-2541-5 
-550 C to +1250 C OOC to +750 C 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +250 C 0.8 2 2 mV 
Full 6 6 mV 

Average Offset Voltage Drift Full 9 9 /lV/oC 1/1 

Bias Current +250 C 11 25 11 25 /lA 
oIS~ I 
.. I-

Full 30 30 /lA 
Il.~ 
:iill: 

Average Bias Current Drift Full 85 85 nA/oC ~~ 
11.11. 

Offset Cu rrent +250 C 7 7 /lA O:ii 
0 

Full 9 9 /lA 
0 

Input Resistance +250 C 100 100 kO 

Input Capacitance +250 C 1 1 pF 
Common Mode Range Full ±10 ±11 ±10 ±11 V 
Input Noise Voltage (f = 1kHz, Rg = 00) +250 C 10 10 nV/VHz 
Input Noise Current (f = 1kHz, Rg = 00) +250 C 4 4 pA/VHz 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 3) +250 C 10k 16k 10k 16k V/V 
Full 5k 5k V/V 

Common-Mode Rejection Ratio (Note 5) Full 70 90 70 90 dB 
Minimum Stable Gain +250 C V/V 
Unity Gain-Bandwidth (Note 6) +250 C 40 40 MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 4) Full ±10 ±11 ±10 ±11 V 
Output Current (Note 4) +250 C ±10 ±15 ±10 ±15 mA 
Output Resistance +250 C 2 2 n 
Full Power Bandwidth (Note 3 & 7) +250 C 3 4 3 4 MHz 
Differential Gain (Note 2) +250 C 0.1 0.1 % 

Differential Phase (Note 2) +250 C 0.2 0.2 Degree 
Harmonic Distortion (Note 10) +250 C <0.01 <0.01 % 

TRANSIENT RESPONSE (Note 8) 

Rise Time +250 C 4 4 ns 
Overshoot +250 C 40 40 % 

Slew Rate +250 C 200 250 200 250 V//ls 
Settling Time: 

10V Step to 0.1% +250 C 90 90 ns 
10V Step to 0.01% +250 C 175 175 ns 

POWER REQUIREMENTS 

Supply Current +250 C 29 29 mA 
Full 40 40 mA 

Power Supply Rejection Ratio (Note 9) Full 70 80 70 78 dB 
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HA-2541 

NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, 
beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not 
necessarily implied. 

2. Differential Gain and Phase are measured with a 1 Volt differential 
voltage at SMHz. 

3. Vo = ±10V 

4. RL = 1kD 

5. VCM = ±10V 

6. Vo = 90mV. 

7. Full Power Bandwidth gUaranteed based on slew 

Slew Rate 
rate measurement using FPBW = 

Test Circuits 

8. Refer to Test Circuits section of this data sheet. 

9. VSUPPLY = ±5VDC to ±15VDC 

10. VIN = 1VRMS; f = 10kHz; AV = 10 

11. This value assumes a no load condition: Maximum power dissi­
pation with load conditions must bedesigned to maintain the maxi­
mum junction temperature below +17SoC. By using Application 
Note 556 on Safe Operating Area equations, along with the 
packaging thermal resistances listed in the Die Characteristics 
section, proper load conditions can be determined. Heatsinking is 
recommended above + 75°C with suggested models: 

14 Lead Ceramic DIP: 
Thermalloy #6007 or AAVID #56028 (8sa = 160C/W). 

12 Lead Metal Can (TO-8): 
Thermalloy #2240A (8sa = 270C/W) or #22688 (8sa = 240C/W) 

TEST CIRCUIT 

VIN 

Your 

VIN 

O~---------------~ "" 

- >-------+--1 -1 ~u 0 

LARGE SIGNAL RESPONSE 
Vertical Scale (Volts; 5V/Oiv.) 

Horizontal Scale (Time; 50ns/Oiv.) 

OV 

OV 

Vs = ±15V 

Av = +1 

CL oS 10pF 

SMALL SIGNAL RESPONSE 
Vertical Scale (Volts; 100mV/Oiv.) 
Horizontal Scale (Time; 50ns/Oiv.) 

PROPAGATION DELAY 
Vertical Scale (Volts; 100mV/Oiv.) 
Horizontal Scale (Time; 5ns/Oiv.) 

Vs = ±15V, RL = 1kll 

T = +250C 

OV 

OV 

Propagation delay variance is negligible 

over full temperature range. 
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Test Circuits (Continued) Suggested Offset Voltage Adjustment 

SETTLING TIME TEST CIRCUIT 

SETTLING POINT 

5kSl 

2H1 

VOUT 

• AV ~-1 

• Feedback and Summing Resistors Must Be Matched (0.1 %) 

• HP5082-2810 Clipping Diodes Recommended 

• Tektronix P6201 FET Probe Used At Settling Point. 

Typical Performance Curves 
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Tested Offset Adjustment Range is I Vas +1mV I minimum 

referred to output. Typical range is ±15mV with RT :: 5kU. 

OFFSET VOLTAGE DRIFT WITH TEMPERATURE 
Of 6 Representative Units 
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Typical Performance Curves (Continued) 

OUTPUT VOLTAGE SWING VB. SUPPLY VOLTAGE 
At Various Temperatures 
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Typical Performance Curves (Continued) 

REJECTION RATIOS vs. FREQUENCY +/- OPEN LOOP GAIN VS. SUPPLY VOLTAGE 
Average of 3 Lots Over Temperature 
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HA-2541 

Applications (Also See Application Note 550) 

50" 

'1 

LGA016.6Jl:6000pF 
OR 

125J1.6DOllpF 

APPLICATION 1. DRIVING POWER TRANSISTORS TO GAIN ADDITIONAL CURRENT BOOSTING 

APPLICATION 1 

High power amplifiers and buffers are in use in a wide 
variety of applications. Many times the "high power" 
capability is needed to drive large capacitive loads as well 
as low value resistive loads. In both cases the final driver 
stage is usually a power transistor of some type, but 
because of their inherently low gain, several stages of pre­
drivers are often required. The HA-2541, with its 10mA 
output rating, is powerful enough to drive a powertransis­
tor without additional stages of current amplification. 

APPLICATION 2 

Video 

One of the primary uses of the HA-2541 is in the area of 
video applications. These applications include signal 
construction, synchronization addition and removal, as 
well as signal modification. A wide bandwidth device such 
as the HA-2541 is well suited for use in this class of 
amplifier. This, however, is a more involved group of 
applications than ordinary amplifier applications since 
video signals contain precise DC levels which must be 
retained. 

The addition of a clamping circuit restores D.C. levels at 
the output of an amplifier stage. The circuit shown in Ap­
plication 2 utilizes the HA-5320 sample and hold amplifier 
as the D.C. clamp. Also shown is a 3.57MHz trap in series, 
which will block the color burst portion of the video signal 
and allow the D.C. level to be amplified and restored. 

Die Characteristics 
Transistor Count .............................................................. .41 
Die Dimensions ........................................ 89 x 79 x 19 mils 

(2250pm x 1990pm x 485pm) 
Substrate Potential (Powered Up)' .............................. v-
Process: ........................................ High Frequency Bipolar 

Dielectric Isolation 
Passivation .................................................................... Silox 
Thermal Constants (OC/W) lija lijc 

Ceramic DIP 91 35 
Metal Can 66 30 

*The substrate may be lett floating (Insulating Die Mount) or it may be 
mounted on a conductor at V- potential. 

This capability is well demonstrated with the high power 
buffer circuit in Application 1. 

The HA-2541 acts as the pre-driver to the output power 
transistor. Together, they form a unity gain buffer with the 
ability to drive three 50 ohm coaxial cables in parallel, 
each with a capacitance of 2000pF. The total combined 
load is 16.6 ohms and 6000pF capacitance. 

75n 

APPLICATION 2. VIDEO D.C. RESTORER 
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;II HARRIS HA-2542 
Wideband, High Slew Rate, High Output 

Current Operational Amplifier 

Features 
• Stable at Gains of 2 or Greater 

• Gain Bandwidth .................................................... 70MHz 

• High Slew Rate (Min.) ....................................... 300V//Js 

• High Output Current (Min.) ................................ 100mA 

• Power Bandwidth (Typ.) .................................... 5.5MHz 

• Output Voltage Swing (Min.) ................................ ±10V 

• Monolithic Bipolar Dielectric Isolation Construction 

Description 

The HA-2542 is a wide band, high slew rate, monolithic 
operational amplifier featuring an outstanding combi­
nation of speed, bandwidth, and output drive capability. 

Utilizing the advantages of the Harris D. I. technology this 
amplifier offers 350V/jlS slew rate, 70MHzgain bandwidth, 
and ±1(iOmA output current. Application of this device is 
further enhanced through stable operation down to 
closed loop gains of 2. 

For additional flexibility, offset null and frequency com­
pensation controls are included in the HA-2542 pinout. 

The capabilities of the HA-2542 are ideally suited for high 
speed coaxial cable driver circuits where low gain and 
high output drive requirements are necessary. With 
5.5MHz full power bandwidth, this amplifier is most 

Applications 
• Pulse and Video Amplifiers 

• Wide band Amplifiers 

• Coaxial Cable Drivers 

• Fast Sample-Hold Circuits 

• High Frequency Signal· 
Conditioning Circuits 

suitable for high frequency signal conditioning circuits 
and pulse video amplifiers. Other applications utilizing 
the HA-2542 advantages include wideband amplifiers and 
fast sample-hold circuits. 

The HA-2542 is available in ceramic or plastic 14 lead DIP 
packages, or a 12 lead metal can (TO-B) which is pin 
compatible with the HA-2541, HA-5190, LH0032 and 
HOS-050C. The HA-2542-2 is specified over the -550 C to 
+1250 C temperature range and is also offered as a military 
part. The HA-2542-5 is specified over the commercial 
temperature range of OOC to 750 C. 

For more information on the HA-2542, please refer to 
Application Note 552 (Using The HA-2542), or 
Application Note 556 (Thermal Safe-Operating-Areas For 
High Current Op Amps). 

Pinouts HA1-2542 (CERAMIC DIP) 
HA3-2542 (PLASTIC DIP) 

TOP VIEW 

Schematic 

N.C. 1 

N.C. 2 13 BALANCE 

BALANCE 3 12 COMPENSATION 

IN- 4 11 V+ 

IN+ 5 10 OUTPUT 

v- 6 9 N.C. 

N.C. 7'-___ ..r-B N.C. 

HA2-2542 (TO-S METAL CAN) 
TOP VIEW 

VCASE = v-

CAUTION: Electronic devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HA-2542 

Absolute Maximum Ratings (Note 1) Operating Temperature Range: 
Voltage between V+ and V- Terminals ........................ 35V HA-2542-2 ....................................... -550 C ::s T A ::s +1250 C 
Differential Input Voltage ............................................. ±6V HA-2542-5 ............................................ OoC ::s T A ::s +750 C 
Output Current ............................................. 125mA (Peak) Storage Temperature Range ........ -650 C ::s T A ::s +1500 C 

107mA rms (Continuous) Maximum Junction Temperature (Note 11) .......... +1750 C 

Electrical Specifications VSUPPL Y = ±15 Volts; RL = 1 k.!1,' CL ::s 10pF, Unless Otherwise Specified. 

HA-2542-2 HA-2542-5 
-550 C to +1250 C OOC to +750 C 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +250 C 5 10 5 10 mV 
Full 8 20 8 20 mV 

Average Offset Voltage Drift Full 14 14 ,NloC 
Bias Current +250 C 15 35 15 35 IlA 

Full 26 50 26 50 IlA 
Average Bias Current Drift Full 66 45 nA/oC 
Offset Current +250 C 1 7 1 7 IlA 

Full 9 9 IlA 
Input Resistance +250 C 100 100 k.!1 
Input Capacitance +250 C 1 1 pF 
Common Mode Range Full ±10 ±10 V 
Input Noise Voltage (0.1Hz to 100Hz) +250 C 2.2 2.2 IlVp-p 
Input Noise Voltage Density 

(fo = 1 kHz, Rg = 0.!1) +250 C 10 10 nV/v'Hz 
Input Noise Current Density 

(fo = 1 kHz, Rg = 0.!1) +250 C 3 3 pA//Hz 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 3) +250 C 10k 30k 10k 30k VIV 
Full 5k 15k 5k 20k VIV 

Common-Mode Rejection Ratio (Note 4) Full 70 100 70 100 dB 
Minimum Stable Gain +250 C 2 2 VIV 
Gain-Bandwidth-Product (Note 5) +250 C 70 70 MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 3) Full ±10 ±11 ±10 ±11 V 
Output Current (Note 6) +250 C 100 100 rnA 
Output Resistance +250 C 5 5 .!1 
Full Power Bandwidth (Note 3 & 7) +250 C 4.7 5.5 4.7 5.5 MHz 
Differential Gain (Note 2) +250 C 0.1 0.1 % 
Differential Phase (Note 2) +250 C 0.2 0.2 Degrees 
Harmonic Distortion (Note 10) +250 C <0.04 <0.04 % 

TRANSIENT RESPONSE (Note 8) 

Rise Time +250 C 4 4 ns 
Overshoot +250 C 25 25 % 
Slew Rate +250 C 300 350 300 350 VIliS 
Settling Time: 

10V Step to 0.1% +250 C 100 100 ns 
10V Step to 0.01% +250 C 200 200 ns 

POWER REQUIREMENTS 

Supply Current +250 C 30 30 rnA 
Full 31 34.5 31 40 rnA 

Power Supply Rejection Ratio (Note 9) Full 70 79 70 79 dB 
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NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, 
beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not 
necessarily implied. 

2. Differential gain and phase are measured at 5MHz with a 1 Volt differ-
ential input voltage. 

3. RL = 1kO, Vo = ±10V 

4. VCM = ±10V 

5. AVCL = 100 

6. RL = 500, Vo = ±5V 

7. Full Power Bandwidth guaranteed based on slew 

Slew Rate 
rate measurement using FPBW = 

8. Refer to Test Circuits section of this data sheet. 

9. VSUPPLY = ±5VDC to ±15VDC 

10. VIN = 1VRMS; f = 10kHz; AV = 10. 

11. This value assumes a no load condition: Maximum power dissi­
pation with load conditions must be designed to maintain the maxi­
mum junction temperature below +1750 C. By using Application 
Note 556 on Safe Operating Area equations, along with the 
packaging thermal resistances listed in the Die Characteristics 
section, proper load conditions can be determined. Heat sinking is 
recommended above +750 C with suggested models: 

14 Lead Ceramic DIP: 
Thermalloy #6007 or AAVID #5602B (Osa = 160 C/W). 

12 Lead Metal Can (TO-B): 
Thermalioy #2240A (Osa = 270 CIW) or #2268B (Osa = 240 C/W) 

Test Circuits TEST CIRCUIT 

>-_--0 VOUT 

LARGE SIGNAL RESPONSE 
Vertical Scale (Volts: VIN = 2.0V/Div., 

VOUT = 5.0V/Div.) 
Horizontal Scale (Time: 200ns/Div.) 

50011 

50011 

TIME DELAY 

Vs = ±15V 

Av = +2 

CL:S 10pF 

SMALL SIGNAL RESPONSE 
Vertical Scale (Volts: 100mV/Div.) 
Horizontal Scale (Time: 50ns/Div.) 

Vertical Scale (Volts: 100mV/Div.) 
Horizontal Scale (Time: 10ns/Div.) 
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Vs = ±15V, RL = 1kll 

T = +250C 

Propagation delay variance is negligible 

over full temperature range. 
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Test Circuits (Continued) 

SETTLING TIME TEST CIRCUIT 

2.5ki2 5kSl 

lkSl 

50011 

VIN 

• Av =-2 

• Feedback and summing resistors must be matched (0.1%) 

• HP5082-2810 clipping diodes recommended 

• Tektronix P6201 FET probe used at settling point 

SETTLING 
POINT 

VOUT 

• For 0.01% settliing time, heat sinking is suggested to reduce thermal 

effects and an analog ground plane with supply decoupling is 

suggested to minimize ground loop errors. 

Typical Performance Curves 
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SUGGESTED OFFSET VOLTAGE ADJUSTMENT 

Suggested compensation scheme 5-20pF 

Tested Offset Adjustment Range is I VOS +1 mV I minimum 
referred to output. Typical range is +20mV with RT = 5kn. 

OFFSET VOLTAGE DRIFT WITH TEMPERATURE 
Of Six Representative Units, Vs = +/-12V 

! 4f,~~~. __ ~.-__ --.~~--.-i_-__ --.+---+---+---t---t-1 -~ o~~~~·tr';_--~_:;~:~r.n~~~~:j:::±===i-l 
~ -2 --~~-..... 

~4+---+---+---+---+---+---+---+---+---t-1 

-6EEaftiiB -8 I ... 

-10 
~ ~ ~ ~ ~ ~ ~ ~ rn 

TEMPERATURE (ac) 

BIAS CURRENT DRIFT WITH TEMPERATURE 
Of Six Representative Units, Vs = +/-12V 

'-'-
" "", , 

"" l', " ~ """'" 
, 

". " < .... ~ ' ... ..... ~' .... ......... ~ .... ~ .... ~ .. ~ 

~ ~,:: -"--.... ~ ........ ~ 
'-.., 

~ 

-60 -40 -20 20 40 60 80 100 120 

TEMPERATURE (DC) 



HA-2542 

Typical Performance Curves (Continued) 

BIAS CURRENT VS. POWER SUPPLY 
Six Units At Various Supplies At +250 C 
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SUPPLY CURRENT VS. SUPPLY VOLTAGE 
At Various Temperatures 
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PSRR AND CMRR VS. TEMPERATURE 
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Typical Performance Curves (Continued) 

OUTPUT VOLTAGE SWING vs; SUPPLY VOLTAGE 
At Various Temperatures 
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HA-2542 

Die Characteristics 

Transistor Count ................................... 43 

Die Dimensions ...................... 72 x 105 x 19 mils 
(1820/lm x 2670/lm x 485/lm) 

Substrate Potential* ................................ v-
Process ..................... High Frequency Bipolar-DI 

Passivation .................................... Nitride 

Thermal Constants (OC/W) Sja Sjc 

HA 1-2542 Ceramic DIP 86.6 32.5 
HA3-2542 Plastic DIP 
HA2-2542 Metal Can 

78.8 
58 

30.6 

29 
*The substrate may be left floating (Insulating Die Mount) or it may be 

mounted on a conductor at V- potential. 

Typical Applications (Refer to Application Note 552 for Further Information) 

The Harris HA-2542 is a state of the art monolithic device 
which also approaches the "ALL-IN-ONE" amplifier con­
cept. This device features an outstanding set of AC para­
meters augmented by excellent output drive capability 
providing for suitable application in both high speed and 
high output drive circuits. 

Primarily intended to be used in balanced 500 and 750 

Prototyping Guidelines 

For best overall performance in any application, it is rec­
ommended that high frequency layout techniques be 
used. This should include: 1) mounting the device 
through a ground plane: 2) connecting unused pins (N.C.) 
to the ground plane: 3) mounting feedback components 
on Teflon standoffs and/or locating these components as 

Frequency Compensation 

The HA-2542 may be externally compensated with a 
single capacitor to ground. This provides the user the ad­
ditional flexibility in tailoring the frequency response of 
the amplifier. A guideline to the response is demonstrated 
on the typiical performance curve showing the normal­
ized A.C. parameters versus compensation capacitance. 
It is suggested that the user check and tailor the accurate 
compensation value for each application. As shown addi­
tional phase margin is achieved atthe loss of slew rate and 
bandwidth. 

For example, for a voltage gain of +2 (or -1) and a load of 
500pF/2kO, 20pF is needed for compensation to give a 
small signal bandwidth of 30MHz with 400 of phase mar­
gin. If a full power output voltage of ±10V is needed, this 
same configuration will provide a bandwidth of 5MHz and 
a slew rate of 200V /I1S. 

coaxial cable systems as a driver, the HA-2542 could also 
be used as a power booster in audio systems as well as a 
power amp in power supply circuits. This device would 
also be suitable as a small DC motor driver. 

The applications shown on the following page demon­
strate the HA-2542 at gains of +100 and +2 and as a video 
cable driver for small signals. 

close to the device as possible; 4) placing power supply 
decoupling capacitors from device supply pins to ground. 

As a result of speed and bandwidth optimization, the 
HA-2542 can's case potential, when powered-up, is equal 
to the V- potential. Therefore, contact with other circuitry 
or ground should be avoided. 

If maximum. bandwidth is desired and no compensation 
is needed, care must be given to minimize parasitic 
capacitance at the compensation pin. In some cases 
where minimum gain applications are desired, bending 
up or totally removing this pin may be the solution. In this 
case, care must also be given to minimize load 
capacitance. 

For wideband positive unity gain applications, the 
HA-2542 can also be over-compensated with capacitance 
greater than 30pFto achieve bandwidths of around 
25M Hz. This over-compensation will also improve 
capacitive load handling or lower the nOise bandwidth. 
This versatility along with the ±100mA output current 
makes the HA-2542 an excellent high speed driver for 
many power applications. 
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Typical Applications 
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FREQUENCY (OdS) = 44.9MHz 
PHASE MARGIN (OdS) = 400 

AVCL = 100 PHASE AND GAIN 

FREQUENCY (3dS) = 56MHz 
PHASE (3dS) = 400 

AVCL = 2 PHASE AND GAIN 

VIDEO CASLE DRIVER PULSE RESPONSE 
(1V/Div.; i00ns/Div.) 
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Features 
• Gain Bandwidth. . . . . . . . . . . . . . . . . . . . . . . . . . .. 50MHz 

• High Slew Rate ............................ 150V /flS 

• Low Supply Current ......................... 10mA 

• Differential Gain Error ..................... <0.05dB 

• Differential Phase Error ................ <0.1 degree 

• Gain Tolerance at 5MHz ................... <0.15dB 

Description 
The HA-2544 is a fast, unity gain stable, monolithic op amp 
designed to meet the needs required for accurate 
reproduction of video or high speed signals. It offers 
high voltage gain (6kVN) and high phase margin 
(65 degrees) while maintaining tight gain tolerance over the 
video bandwidth. Built from high quality Dielectric Isolation, 
the HA-2544 is another addition to the Harris series of 
high speed, wideband op-amps, and offers true video 
performance combined with the versatility of an op-amp. 

The primary features of the HA-2544 include 50MHz Gain 
Bandwidth, 150V/flS slew rate, < O.05dB differential gain 
error and gain tolerance of just O.15dB at 5MHz. High per­
formanceand low power requirements are met with a supply 
current of only 10mA. 

HA-2544 
Video Operational Amplifier 

Applications 
• Video Systems 
• Video Test Equipment 
• Radar Displays 
• Imaging Systems 
• Pulse Amplifiers 
• Signal Conditioning Circuits 
• Data Acquisition Systems 

Uses of the HA-2544 range from video test equipment 
guidance systems, radar displays and other precise 
imaging systems where stringent gain and phase require­
ments have previously been met with costly hybrids and 
discrete circuitry. The HA-2544 will also be used in non­
video systems requiring high speed signal conditioning 
such as data acquisition systems, medical electronics, 
specialized instrumentation and communication systems. 

The HA-2544-2 is guaranteed over the military temperature 
range (-550 C to +1250 C); the HA-2544-5 and the 
HA-2544C-5 over the commercial temperature range (OOC 
to + 750 C). The HA-2544 is available in TO-99 Metal Can, 
and both Plastic and Ceramic Mini-DIP packages. Military 
(1883) product and data sheets are available upon request. 

Pinouts Schematic 
HA7-2544 (CERAMIC MINI-DIP) 

HA3-2544/2544C (PLASTIC MINI-DIP) 
TOP VIEW 

BALANCE N.C. 

IN- V+ 

IN+ OUT 

v- BALANCE 

HA2-2544 (TO-99 METAL CAN) 
TOP VIEW 

N.C. 

v-

NOTE: VCASE ~ V-

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HA-2544 

Absolute Maximum Ratings (Note 1) Operating Temperature Range 

Voltage Between V+ and V- Terminals ..................... 33V HA-2544C-5 ............................. ooc.$: T A .$: + 750C 
Differential Input Voltage (Note 11) ......................... ±6V HA-2544-5 ............................... DOC .$:TA.$: +750C 
Output Current (Peak) ................................ ±40mA HA-2544-2 ............................ -550C.$: T A.$: +1250C 
Internal Power Dissipation ... . . . . . . . . . . . . . . . . . . . . . . . .. 700mW Storage Temperature Range ............. -650C.$: TA.$: +1500C 
Maximum Junction Temperature ....................... +1750C 

Electrical Specifications Vs = ±15V, CL.$: 10pF, RL = 1kO, Unless Otherwise Specified. 

HA-2544-2/-5 HA-2544C-5 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +250C - 6 15 - 15 25 mV 

Full - - 20 - - 40 mV 

Average Offset Voltage Drift (Note 9) Full - 10 - - 10 - IlV/OC 

Bias Current +250C - 7 15 - 9 18 IlA 

Full - - 20 - - 30 IlA 

Average Bias Current Drift (Note 9) Full - 0.04 - - 0.04 - IlA/OC 

Offset Current +250C - 0.2 2 - 0.8 2 IlA 

Full - - 3 - - 3 IlA 

Offset Current Drift Full - 10 - - 10 - nAfOC 

Common Mode Range Full ±10 ±11.5 - ±10 ±11.5 - V 

Differentiallnput.Resistance +250C 50 90 - 50 90 - kO 

Differential Input Capacitance +250C - 3 - - 3 - pF 

Input Noise Voltage (f = 1 kHz) +250C - 20 - - 20 - nV/yHz 

Input Noise Current (f = 1 kHz) +250C - 2.4 - - 2.4 - pA/yHz 

Input Noise Voltage 

0.1 Hz to 10Hz (Note 9) +250C - 1.5 - - 1.5 - IlV p-p 

0.1 Hz to 1 MHz +250C - 4.6 - - 4.6 - IlVr•m.s. 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Notes 4, 9) +250C 3.5 6 - 3 6 - kVN 

Full 2.5 - - 2 - - kVN 

Common Mode Rejection Ratio (Notes 6, 9) Full 75 89 - 70 89 - dB 

Minimum Stable Gain +250C +1 - - .+1 - - VN 

Unity Gain Bandwidth (Notes 3, 9) +250C - 45 - - 45 - MHz 

Gain Bandwidth Product (Notes 3, 9) +250C - 50 - - 50 - MHz 

Phase Margin +250C - 65 - - 65 - Degrees 
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Specifications HA-2544 

Electrical Specifications (Continued) 

PARAMETER TEMP 

OUTPUT CHARACTERISTICS 

Output Voltage Swing Full 

Full Power Bandwidth (Note 7) +250 C 

Peak Output Current (Notes 9, 10) +250 C 

Continuous Output Current (Notes 9, 10) +250 C 

Output Resistance (Open Loop) +250 C 

TRANSIENT RESPONSE 

Rise Time (Note 3) +250 C 

Overshoot (Note 3) +250 C 

Slew Rate +250 C 

Settling Time (Note 5) +250 C 

VIDEO PARAMETERS RS=50!1, RL =1k!1 (Notes 2,10) 

Differential Phase (Note 2,12) 

RS=50!1 +250 C 

RS = 1k!1 +250 C 

Differential Gain (Note 2, 12, 14) 

RS=50!1 +250 C 

RS=50!1 +250 C 

RS= 1k!1 +250 C 

RS= 1k!1 +250 C 

Gain Tolerance (Note 2, 3) 

5MHz +250 C 

10MHz +250 C 

Chrominance to Luminance Gain (Note 13) +250 C 

Chrominance to Luminance Delay (Note 13) +250 C 

POWER SUPPLY CHARACTERISTICS 

Supply Current Full 

Power Supply Rejection Ratio (Notes 8, 9) Full 

NOTES: 
1. Absolute maximum ratings are limiting values, applied individually 

beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not 
necessarily implied. 

2. Guaranteed by sample test and not 100% tested. 

3. VOUT::;= ±100mV. For Rise Time and Overshoot testing, VOUT is meas­
ured from 0 to +200mV and 0 to -200mV. 

4. VOUT =±5V 

5. Settling Time is specified to 0.1% of final value for a 10V step and 
AV =-1 

6. ~VCM = ±10V 

7. Full Power Bandwidth is guaranteed by equation: 

Full Power Bandwidth = Slew Rate (Vpeak used = 5V) 
2" Vpeak 

HA-2544-2/-5 HA-2544C-5 

MIN TYP MAX MIN TYP MAX UNITS 

±10 ±11 - ±10 ±11 - V 

3.2 4.2 - 3.2 4.2 - MHz 

±25 ±35 - ±25 ±35 - mA 

±10 - - ±10 - - mA 

- 20 - - 20 - !1 

- 7 - - 7 - ns 

- 10 - - 10 - % 

100 150 - 100 150 - V/~s 

- 120 - - 120 - ns 

- 0.05 0.11 - 0.05 0.11 Degree 

- 0.4 - - 0.4 - Degree 

-

- 0.02 0.04 - 0.02 0.04 dB 

- 0.23 0.46 - 0.23 0.46 % 

- 0.15 - - 0.15 - dB 

- 1.7 - - 1.7 - % 

- -0.10 ±0.15 - -0.10 ±0.15 dB 

- -0.12 ±0.35 - -0.12 ±0.35 dB 

- 0.1 - - 0.1 - dB 

- 7 - - 7 - ns 

- 10 12 - 10 15 mA 

70 80 - 70 80 - dB 

8. ~VS = ±10 to ±20V 

9. Refer to typical performance curve in Data Sheet. 

10. The video parameter specifications will degrade as the output load 
resistance decreases. 

11. To achieve optimum AC performance, the input stage was designed 
without protective diode clamps. Exceeding the maximum differential 
input voltage results in reverse breakdown of the base-emitter junction 
of the input transistors and probable degradation of the input 
parameters especially Vas, lOS and Noise. 

12. Test signal used is ±200mV at 5MHz on a 0 and 1 Volt offset. For ada­
quate test repeatabllity, a minimum warm-up of 2 minutes is suggested. 

13. C-L Gain and C-L Delay was less than the resolution of the test 
equipment used which !s 0.1 dB and 7n8, respectively. 

AO(dB) 

14. AO(%) = [ 1020'" - 1 1 x 100 
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HA-2544 

Test Circuits 
TRANSIENT RESPONSE 

LARGE SIGNAL RESPONSE 
VOUT = 0 to. +1 OV 

Vertical Scale: (VIN = 5V/Div.; VOUT = 2V/Div.) 
Horizontal Scale: (100ns/Div.) 

SETTLING TIME TEST CIRCUIT 

SETTLING POINT 

1Hl 

VIN 1krl 

VOUT 

• AV ~-1 
• Feedback and Summing Resistors Must Be Matched (0.1 %) 

• HPS082-2810 Clipping Diodes Recommended. 

• Tektronix P6201 FET Probe Used At Settling Point. 

2-66 

Vs ~ ±15V 
AV ~ +1 
RS ~ 50 or 75(1 (Optional) 
RL ~ 1 kn 
CL < 10pF 

VIN for Large Signal = ±5V 
VIN for Small Signal ~ 0 to +200mV 
and 0 to -200mV 

SMALL SIGNAL RESPONSE 
VOUT = 0 to +200mV 

Vertical Scale: (VIN = 100mV/Div.; VOUT = 100mV/Div.) 
Horizontal Scale: (100ns/Div.) 

OFFSET VOLTAGE ADJUSTMENT 

Tested Offset Adjustment Range Is I VOS +1mV I Minimum Referred 

To Output. Typical Range For RT ~ 20kl1 Is Approximately ±30mV 
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Typical Performance Curves 
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Typical Performance Curves (Continued) 
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Typical Video Performance 

A.C. GAIN VARIATION VS. D.C. OFFSET LEVELS 
(Differential Gain) 
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HA-2544 

Typical Video Performance Curves (Continued) 

±2 VOLT OUTPUT SWING BANDWIDTH vs. LOAD CAPACITANCE 
Ay = +1, Ys = ±15Y, RL = 1kO With RLOAD = 750 (frequency = 5.00MHz) 

I I 

------~ --
- 250.000ns O.OOOOOs 250.000ns 

VIN = 2.0V/Div., VOUT = 2.0V/Div. 
Timebase = 50ns/Div. 

Applications And Product Guidelines 

The HA-2544 is a true differential op amp that is as versatile 
as any op amp but offers the advantages of high unity gain 
bandwidth, high speed and low supply current. More 
important than its' general purpose applications is that the 
HA-2544 was especially designed to meet the requirements 
found in a video amplifier system. These requirements 
include fine picture resolution and accurate color rendition, 
and must meet broadcast quality standards. 

In a video signal, the video information is carried in the 
amplitude and phase as well as in the D.C. level. The 
amplifier must pass the 30Hz line rate luminance level and 
the 3.58MHz (NTSC) or 4.43MHz (PAL) color band without 
altering phase or gain. The HA-2544's key specifications 
aimed at meeting this include high bandwidth (50MHz), very 
low gain tolerance «±0.15dB at 5MHz), near unmeasura­
ble differential gain and differential phase «0.04dB and 
0.11 degrees), and low noise (20nVl/H"Z). The HA-2544 
meets these quidelines and are sample tested for standard 
grade product (1883, -2, -7, -5) at 5 and/or 1 OMHz.lf a cus­
tomer wishes to 100% test these speCifications, 
arrangement can be made. 

The HA-2544 also offers the advantage of a full output volt­
age swing of ±1 OV into a 1 K ohm load. This equates to a full 
power bandwidth of 2.4MHz for this ±10V signal. If video 
signal levels of ±2V maximum is used (with RL = 1 K ohm), 
the full power bandwidth would be 11.9MHz without 
clipping distortion. Another usage might be required for a 
direct 50 ohm or 75 ohm load where the HA-2544 will still 
swing this ±2V signal as shown in the above display. One 
important note that must be realized is that as load 
resistance decreases the video parameters are also 
degraded. For optimal video performance a 1 kfl load is 
recommended. 

If lower supply voltage are required, such as ±5V, many of 
the characterization curves indicate where the parameters 
vary. As shown the bandwidth, slew rate and supply current 
are still very well maintained. 

Prototyping and PC Board Layout 

When deSigning with the HA-2544 video op amp as with 
any high performance device, care should be taken to use 

6 .-•• -••• -•• ~g ~:~ ! ~ ~~2~~ i-' -f-++t1ftHl 
3 :::: ~:~ i ~ ~~~:~~ ,1--+-++H+f+I 
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·15 135 
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high frequency layout techniques to avoid unwanted 
parasitic effects. Short lead lengths, low source impedance 
and lower value feedback resistors help reduce unwanted 
poles or zeros. This layout would also include ground plane 
construction and power supply decoupling as close to the 
supply pins with suggested parallel capacitors of 0.1 IlF 
and .0011lF ceramic to ground. 

In the non inverting configuration, the amplifier is sensitive to 
stray capacitance «40pF) to ground at the inverting input. 
Therefore, the inverting node connections should be kept to 
a minimum. Phase shift will also be introduced as load 
parasitic capacitance is increased. A small series resistor 
(20 ohm to 1 00 ohm) before the capacitance effectively 
decouples this effect. 

Stability/Phase Margin/Compensation 

The HA-2544 has not sacrificed unity gain stability in 
achieving its superb AC performance. For this device, the 
phase margin exceeds 60 degrees at the unity crossing 
point of the open loop frequency response. Large phase 
margin is critical in order to reduce the differential phase 
and differential gain errors caused by most other op amps. 
Because this part is unity gain stable, no compensation pin 
is brought out. If compensation is desired to reduce the 
noise bandwidth, most standard methods may be used. 
One method suggested for an inverting scheme would be a 
series R-C from the inverting node to ground which will 
reduce bandwidth, but not effect slew rate. If the user 
wishes to achieve even higher bandwidth (>50MHz), and 
can tolerate some slight gain peaking and lower phase 
margin, experimenting with various load capacitance can 
be done. 

Shown in Application 1 is an excellent Differential Input, 
Unity Gain Buffer which also will terminate a cable to 75 
ohm and reject common-mode voltages. Application 2 is a 
method of separating a video signal up into the Sync. only 
signal and the Video and Blanking signal. Application 3 
shows the HA-2544 being used as a 100kHz High Pass 
2-Pole Butterworth Filter. Also shown is the measured 
frequency response curves. 
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HA-2544 

Typical Application 

APPLICATION 1 
750 Differential Input Buffer 

Application 3 
100kHz High Pass 2-Pole Butterworth Filter 

2.1K 

750pF 

0----11---+--11--.---1 
INPUT OUTPUT 

1 
f --------0- 2,,(2.1K.750pF) 

Die Characteristics 

Transistor Count ................................... 44 

Die Dimensions ....................... 80 x 65 x 19 mils 

(2030 x 1630 x 485/-1m) 

Substrate Potential* ................................ v-
Process ..................... High Frequency Bipolar D.1. 

Passivation .................................... Nitride 

Thermal Constants (OC/W) Sja Sjc 

Metal Can TO-99, HA2-2544 186 50 

Plastic Mini-DIP, HA3-2544/2544C 80 20 

Ceramic Mini-DIP, HA7-2544 185 98 

*The substrate may be left floating (Insulating Die Mount) or it may be 
mounted on a conductor at V- potential. 
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APPLICATION 2 
Com posite Video Sync. Separator 

1K SYNC ONLY 

1K 

COMPOSITE 
VIDEO 

IN5711 

IN5711 

VIDEO AND BLANK 

Measured Frequency Response of Application 3 
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mlHARRIS HA-2600/02/05 

Features 

• Wide Bandwidth ........................... 12MHz 
• High Input Impedance ...................... SOOM!1 
• Low Input Bias Current ........................ 1 nA 
• Low Input Offset Current ...................... 1 nA 
• Low Input Offset Voltage •................... O.SmV 
• High Gain •................................ 1S0kV N 
• High Slew Rate ............................... 7V/IlS 
• Output Short Circuit Protection 
• Unity Gain Stable 

Description 
HA-2600/2602/2605 are internally compensated bipolar 
operational amplifiers that feature very high input imped­
ance (500M!1, HA-2600) coupled with wideband AC 
performance. The high resistance of the input stage is com­
plemented by low offset voltage (O.5mV, HA-2600) and low 
bias and offset current (1 nA, HA...:2600) to facilitate accurate 
signal processing. Input offset can be reduced further by 
means of an external nulling potentiometer. 12MHz unity 
gain-bandwidth, 7V Ills slew rate and 150kV N open-loop 
gain enables HA-2600/2602/2605 to perform high-gain 
amplification of fast, wideband signals. These dynamic 
characteristics, coupled with fast settling times, make these 
amplifiers ideally suited to pulse amplification designs as 
well as high frequency (e.g. video) applications. The 
frequency response of the amplifier can be tailored to exact 

Pinouts 
HA7-2600/02/05 (CERAMIC MINI-DIP) 

HA3-2605 (PLASTIC MINI-DIP) 
TOP VIEW 

HA2-2600/02/05 (TO-99 METAL CAN) 
TOP VIEW 

COMP 

v-

Schematic 

Wideband, High Impedance 
Operational Amplifiers 

Applications 

• Video Amplifier 
• Pulse Amplifier 
• Audio Amplifiers and Filters 
• High-Q Active Filters 
• High-Speed Comparators 
• Low Distortion Oscillators 

design requirements by means of an external bandwidth 
control capacitor. 

In addition to its application in pulse and video amplifier 
deSigns, HA-2600/2602/2605 is particularly suited to 
other high performance designs such as high-gain low 
distortion audio amplifiers, high-Q and wideband active 
filters and high-speed comparators. For more information, 
please refer to Application Note 515. 

The HA-2600 and HA-2602 have guaranteed operation 
from -550C to +1250C and are available in Metal Can and 
Ceramic Mini-DIP packages. Both are offered as 1883 
Military Grade; product and data sheets are available upon 
request. The HA-2605 has guaranteed operation from OOC 
to + 750C and is available in Plastic and Ceramic Mini-DIP 
and Metal Can packages. 

COMPENSATION 

CAUTION: These devices are sensitive to electrostatic discharge. Proper LC. handling procedures should be followed. 
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Specifications HA-2600/02/05 

Absolute Maximum Ratings (Note 13) Operating Temperature Ranges 

Voltage Between V+ and V- Terminals ................... 45.0V HA-2600/HA-2602 ..................... -550C :5. T A :5. + 125°C 
Differential Input Voltage ............................... ±12.0V HA-2605 ................................. OOC:5. T A :5. +750C 
Peak Output Current ................ Full Short Circuit Protection Storage Temperature Range ............. -650C:5. TA :5. +150oC 
Internal Power Dissipation ............................ 300mW Lead Solder Temperature (1 0 Seconds) ................. 2750C 
Maximum Junction Temperature ....................... +1750C 

Electrical Specifications Vs = ±15V D.C., Unless Otherwise Specified. 

HA-2600 HA-2602 HA-260S 
-SSoC to +12SoC -SSoC to +12SoC OOCto+7SoC 

PARAMETER TEMP MIN 

INPUT CHARACTERISTICS 

Offset Voltage +250C -
Full -

Average Offset Voltage Drift Full -
Bias Current +250C -

Full -
Offset Current +250C -

Full -
Differential Input Resistance +250C 100 
(Note 10) 

Input Noise Voltage Density +250C -
fO= 1kHz 

Input Noise Current Density +250C -
fO= 1kHz 

Common Mode Range Full ±11 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain +250C 100K 
(Notes 1,4) Full 70K 

Common Mode Rejection Ratio Full 80 
(Note 2) 

Minimum Stable Gain +250C 1 

Gain Bandwidth Product (Note 3) +250C -

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 1 ) Full ±10 

Output Current (Note 4) +250C ±15 

Full Power Bandwidth (Notes 4, 11) +250C 50 

TRANSIENT RESPONSE (Note 8) 

Rise Time (Notes 1, 5, 6 & 7) +250C -
Overshoot (Notes1, 5, 6 & 7) +250C -
Slew Rate (Notes 1, 5, 7 & 12) +250C ±4 

Settling Time (Notes 1, 5, & 14) +250C -

POWER SUPPLY CHARACTERISTICS 

Supply Current +250C -
Power Supply Rejection Ratio (Note 9) Full 80 

NOTES: 
1. RL = 2kO 

2. VCM = ±10V 

3. VOUT < 90mV 

4. VOUT = ±10V 

5. CL = l00pF 

6. VOUT = ±200mV 

7. Av= +1 
8. See Transient Response Test Circuits & Waveforms. 

9. AVS = ±5V 

TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

0.5 4 - 3 5 - 3 5 mV 
2 6 - - 7 - - 7 mV 

5 - - 5 - - 5 - !lVfOC 

1 10 - 15 25 - 5 25 nA 
10 30 - - 60 - - 40 nA 

1 10 - 5 25 - 5 25 nA 
5 30 - - 60 - - 40 nA 

500 - 40 300 - 40 300 - MO 

11 - - 11 - - 11 - nVlyHz 

0.16 - - 0.16 - - 0.16 - pNyHz 

±12 - ±11 ±12 - ±11 ±12 - V 

150K - 80K 150K - 80K 150K - VN 
- - 60K - - 70K - - VN 

100 - 74 100 - 74 100 - dB 

- - 1 - - 1 - - VN 

12 - - 12 - - 12 - MHz 

±12 - ±10 ±12 - ±10 ±12 - V 

±22 - ±10 ±18 - ±10 ±18 - mA 

75 - 50 75 - 50 75 - kHz 

30 60 - 30 60 - 30 60 ns 

25 40 - 25 40 - 25 40 % 

±7 -. ±4 ±7 - ±4 ±7 - V/!ls 

1.5 - - 1.5 - - 1.5 - IJS 

3 3.7 - 3 4 - 3 4 rnA 

90 - 74 90 - 74 90 - dB 

10. This parameter value guaranteed by design calculations. 

11. Full Power Bandwidth guaranteed by slew rate measurement: 
FPBW = S.R'/2nVpEAK. 

12. VOUT = ±5V 

13. Absolute Maximum Ratings are limtting values applied individually 
beyond which the serviceability of the circutt may be impaired. Functional 
operation under any of these conditions is not necessarily implied. 

14. Settling time is characterized at AV = -1 to 0.1% of a 10 Volt step. 

2-73 



HA-2600/02/05 

Typical Performance Curves Vs = ±15V D.C., T A = +250 C, Unless Otherwise Specified. 
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but may be added to reduce bandwidth if desired. If External Com­
pensation is used, also connect 100pF capaCitor from output to 
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HA-2600/02/05 

Typical Performance Curves (Continued) 
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HA-2600/02/05 

Typical Applications 

PHOTO - CURRENT TO VOLTAGE CONVERTER SAMPLE - AND - HOLD 

5pF 

R~ 40kn IN 

OUT 

-15V 

5OPF*7 

FEATURES: Drift rate Ibias If C = 1000pF 

1. Constant cell voltage C Drift = 0.01 V Ims Max. 
2. Minmum bias current error 

REFERENCE VOLTAGE AMPLIFIER VOLTAGE FOLLOWER 

OUT J 5OpF* 

5OpF* .T. 
-15V V 

FEATURES: ZIN ~ 1012 Min. B.w. ~ 12MHz Typ. 
1. Minimum bias current in reference cell ZOUT == 0.01 Max. Output Swing = ±10V Min. to 50kHz 
2. Short circuit protection Slew Rate = 4V/)ls Min. 

* A small load capacitance is recommended in all applications where practical to prevent possible high frequency oscillations resulting from external wiring 
parasitics. Capacitance up to 100pF has negligible effect on the bandwidth or slew rate. 

Die Characteristics 
Transistor Count .................................. 140 
Die Dimensions ....................... 73 x 52 x 19 mils 
Substrate Potential ........................... Unbiased 

Thermal Constants (OCIW) 9ja 9jc 

HA2-Metal Can (-2, -5, -7) 202 55 
HA2-Metal Can (-8, /883) 161 48 
HA3-Plastic DIP (-5) 83 33 
HM-Ceramic LCC (/883) 96 35 
HA7-Ceramic DIP (-2, -5, -7) 204 112 
HA7-Ceramic DIP (-8, /883) 81 32 
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mHARRIS HA-2620/22/25 
Very Wideband, 

Uncompensated Operational Amplifiers 

Features 

• Gain Bandwidth Product (AV ~ 5) ......••.. 100MHz 
• High Input Impedance ...................... 500MO 
• Low Input Bias Current ........................ 1 nA 
• Low Input Offset Current ...................... 1 nA 
• Low Input Offset Voltage .................... O.5mV 
• High Gain ................................. 150kVN 
• High Slew Rate ............................. 35V/IlS 
• Output Short Circuit Protection 

Description 
HA-2620/2622/2625 are bipolar operational amplifiers that 
feature very high input impedance (500MO, HA-2620) 
coupled with wideband AC performance. The high re­
sistance of the input stage is complemented by low offset 
voltage (0.5mV, HA-2620) and low bias and offset current 
(1 nA, HA-2620) to facilitate accurate signal processing. In­
put offset can be reduced further by means of an external 
nulling potentiometer. 100MHz gain-bandwidth product 
(HA-2620/2622/2625 are stable for closed loop gains 
greater than 5), 35V Ills slew rate and 150kV N open-loop 
gain enables HA-2620/2622/2625 to perform high-gain 
amplification of very fast, wideband signals. These dynamic 
characteristics, coupled with fast settling times, make these 
amplifiers ideally suited to pulse amplification designs as 
well as high frequency (e.g. video) applications. The 
frequency response of the amplifier can be tailored to exact 

Pinouts Schematic 

Applications 

• Video and R.F. Amplifier 
• Pulse Amplifier 
• AudiO Amplifiers and Filters 
• High-Q Active Filters 
• High-Speed Comparators 
• Low Distortion Oscillators 

deSign requirements by means of an external bandwidth 
control capacitor. 

In addition to its application in pulse and video amplifier 
deSigns, HA-2620/2622/2625 is particularly suited to 
other high performance designs such as high-gain low 
distortion audio amplifiers, high-Q and wideband active 
filters and high-speed comparators. For more information, 
please refer to Application Notes 509, 519 and 546. 

The HA-2620 and HA-2622 have guaranteed operation 
from -550 C to +1250 C and are available in Metal Can and 
Ceramic Mini-DIP packages. Both are offered as 1883 
Military Grade with the HA-2622 also available in LCC 
packages. MIL -STD-883 data sheets are available upon re­
quest. The HA-2625 has guaranteed operation from OOC to 
+750 C and is available in Plastic and Ceramic Mini-DIP 
and Metal Can packages. 

COMPENSATION HA7-2620/22/25 (CERAMIC MINI-DIP) 
HA3-2625 (PLASTIC MINI-DIP) 

TOP V.IEW r---~--~~--~------------------I---t~~~r-r-~~+v 

HA2-2620/22/25 (TO-99 METAL CAN) 
TOP VIEW 

COMP 

v-

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HA-2620/22/25 

Absolute Maximum Ratings (Note 13) Operating Temperature Ranges 

Voltage Between V+ and V- Terminals ................... 45.0V HA-2600/HA-2602 ..................... -550C ~ T A ~ + 1250C 
Differential Input Voltage ............................... ±12.0V HA-2605 ................................. OOC ~ T A ~ +75OC 
Peak Output Current ................ Full Short Circuit Protection Storage Temperature Range: ............. -650C ~ TA ~ +150oC 
Internal Power Dissipation ............................ 300mW Lead Solder Temperature (1 0 Seconds) ................. 2750C 
Maximum Junction Temperature ....................... +1750C 

Electrical Specifications Vs = ±15V D.C., Unless Otherwise Specified. 

HA-2620 HA-2622 HA-2625 
-550C to +1250C -550C to +1250C OOCto+750C 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage (Note 1 ) +250C - 0.5 4 - 3 5 - 3 5 mV 
Full - 2 6 - - 7 - - 7 mV 

Average Offset Voltage Drift Full - 5 - - 5 - - 5 - llV/oC 

Bias Current +250C - 1 15 - 5 25 - 5 25 nA 
Full - 10 35 - - 60 - - 40 nA 

Offset Current +250C - 1 15 - 5 25 - 5 25 nA 
Full - 5 35 - - 60 - - 40 nA 

Differential Input Resistance (Note 11 ) +250C 65 500 - 40 300 - 40 300 - MO 

Input Noise Voltage Density fO = 1 kHz +250C - 11 - - 11 - - 11 - nV/yHz 

Input Noise Current Density fO = 1 kHz +250C - 0.16 - - 0.16 - - 0.16 - pA/yHz 

Common Mode Range Full ±11 ±12 - ±11 ±12 - ±11 ±12 - V 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain +250C lOOK 150K - 80K 150K - 80K 150K - VN 
(Notes 2 &3) Full 70K - - 60K - - 70K - - VN 

Common Mode Rejection Ratio Full 80 100 - 74 100 - 74 100 - dB 
(Note 4) 

Minimum Stable Gain +250C 5 - - 5 - - 5 - - VN 

Gain Bandwidth Product +250C - 100 - - 100 - - 100 - MHz 
(Notes 2, 5 & 6) 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 2) Full ±10 ±12 - ±10 ±12 - ±10 ±12 - V 

Output Current (Note 3) +250C ±15 ±22 - ±10 ±18 - ±10 ±18 - rnA 

Full Power Bandwidth +250C 400 600 - 320 600 - 320 600 - kHz 
(Notes 2, 3, 7 & 12) 

TRANSIENT RESPONSE (Note 8) 

Rise Time (Notes 2, 7 & 8) +250C - 17 45 - 17 45 - 17 45 ns 

Slew Rate (Notes 2, 7, 8 & 10) +250C ±25 ±35 - ±20 ±35 - ±20 ±35 - V/IlS 

POWER SUPPLY CHARACTERISTICS 

Supply Current +250C - 3 3.7 - 3 4 - 3 4 rnA 

Power Supply Rejection Ratio (Note 9) Full 80 90 - 74 90 - 74 90 - dB 

NOTES: 
1. Offset may be externally adjusted to zero. 9. I'>.VS = ±5V 

2. RL = 2kO 10. VOUT = ±5V 

3. VOUT = ±10.0V 11. This parameter value guaranteed by design calculations. 

4. VCM = ±10V 12. Full Power Bandwidth guaranteed by slew rate measurement: 

5. VOUT < 90mV FPBW = S.R./2nVpEAK. 

6. 40dB Gain 

7. See Transient Response Test Circuits & Waveforms. 

8. AV = 5 (The HA-2620 family is not stable at unity gain without 
external compensation.) 

13. Absolute Maximum Ratings are limiting values applied individually 
beyond which the serviceability of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily implied. 
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HA-2620/22/25 

Typical Performance Curves Vs = ±15V D.C., TA = +250 C, Unless Otherwise Specified. 
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NOTE: External Compensation is required for closed loop gain < 5. If 
external compensation is used, also connect 1 OOpF capacitor from 
output to ground. 
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HA-2620/22/25 

Typical Performance Curves (Continued) 
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SUGGESTED VOS ADJUST­
MENT AND COMPENSATION 
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NOTE: Measured on both positive 
and negative transistions 
from 0 to +200mV and 0 to 
-200mV at output. 
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HA-2620/22/25 

Typical Applications 

HIGH IMPEDANCE COMPARATOR FUNCTION GENERATOR 

+ 15V 

~~~~------~--oVOUT 
+5.0V.OV 

4.25V 
5OpF* 

lN916 

VIDEO AMPLIFIER 

5pF 

22Q 

>--t---o VOUT 

Die Characteristics 

+ J50P
F* 

BW ~ lMHz 
GAIN ~ 40dB 

* A small load capacitance of at least 30pF (including stray capacitance) is 
recommended to prevent possible high frequency oscillations. 

Transistor Count .................................. 140 
Die Dimensions ....................... 73 x 52 x 19 mils 
Substrate Potential ........................... Unbiased 

Thermal Constants (OC/W) Sja Sjc 

HA2-Metal Can (-2, -5, -7) 202 55 
HA2-Metal Can (-8, /883) 161 48 
HA3-Plastic DIP (-5) 83 33 
HA4-Ceramic LeC (/883) 96 35 
HA7-Ceramic DIP (-2, -5, -7j 204 112 
HA7-Ceramic DIP (-8, /883) 81 32 
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Features 
• Output Voltage Swing ......••..••...........• ±35V 
• Supply Voltage ....................... ±10Vto ±40V 
• Offset Current ........•.•.............••••.... 5nA 
• Bandwidth ••................................. 4MHz 
• Slew Rate ..•.•••...........•...............•. 5V/IlS 
• Common Mode Input Voltage Swing .........•• ±35V 
• Output Overload Protection 

Description 
HA-2640 and HA·2645 are monolithic operational ampli· 
fiers which are designed to deliver unprecedented dynamic 
specifications for a high voltage internally compensated 
device. These dielectrically isolated devices offer very low 
values for offset voltage and offset current coupled with 
large output voltage swing and common mode input 
voltage. 

For maximum reliability, these amplifiers offer unconditional 
output overload protection through current limiting and a 
chip temperature sensing circuit. This sensing device turns 
the amplifier "off", when the chip reaches a certain 
temperature level. 

These amplifiers deliver ±35V common mode input voltage 
swing, ±35V output voltage swing, and up to ±40V 

Pinouts 
HA7-2640/2645 (CERAMIC MINI-DIP) 

TOP VIEW 

HA2-2640/2645 (TO-99 METAL CAN) 
TOP VIEW 

COMP 

(TO-99 Case Voltage = -V) 

Schematic 

HA-2640/45 

Applications 

High Voltage 
Operational Amplifiers 

• Industrial Control Systems 
• Power Supplies 
• High Voltage Regulators 
• Resolver Excitation 
• Signal Conditioning 

supply range for use in such designs as regulators, power 
supplies, and industrial control systems. 4MHz gain 
bandwidth and 5V Ills slew rate make these devices 
excellent components for high performance signal 
conditioning applications. Outstanding input and output 
voltage swings coupled with a low 5nA offset current make 
these amplifiers excellent components for resolver 
excitation designs. 

The HA·2640/2645 are available in Metal Can (TO·99) or 
Ceramic Mini-DIP and can be used as high performance 
pin·for·pin replacements for many general performance 
amplifiers. HA·2640 is specified from ·550 C to +1250 C 
and HA-2645 is specified over the OOC to +750 C range. 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HA-2640/2645 

Absolute Maximum Ratings (Note 12) Operating Temperature Ranges 

Voltage Between V+ and V- Terminals .................... 1 OOV HA-2640 .............................. -550C~ TA~ +1250C 
Input Voltage Range ........................... ±1 OV To ±37V HA-2645 ................................. ooc~ TA~ +750C 
Output Current ..................... Full Short Circuit Protection Storage Temperature Range ............. -650C ~ TA~ +150oC 
Internal Power Dissipation ........................... 680mW * 
Maximum Junction Temperature ....................... +1750C 
* Derate by 4.6mW/oC above +250 C 

Electrical Specifications VSUPPL Y = ±40V, RL = 5kO, Unless Otherwise Specified. 

PARAMETER 

INPUT CHARACTERISTICS 

Offset Voltage 

Average Offset Voltage Drift 

Bias Current 

Offset Current 

Input Resistance (Note 10) 

Common Mode Range 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Notes 8) 

Common Mode Rejection Ratio (Note 1 ) 

Minimum Stable Gain 

Unity Gain Bandwidth (Note 2) 

OUTPUT CHARACTERISTICS 

Output Voltage Swing 

Output Current (Note 9) 

Output Resistance 

Full Power Bandwidth (Notes 3 & 11) 

TRANSIENT RESPONSE (Note 7) 

Rise Time (Notes 4 & 6) 

Overshoot (Notes 4 & 6) 

Slew Rate (Note 6) 

POWER SUPPLY CHARACTERISTICS 

Supply Current 

Supply Voltage Range 

Power Supply Rejection Ratio (Note 5) 

NOTES: 
1. VCM = ±20V 

2. VOUT = 90mV 

3. VOUT = ±35V 

4. VOUT = ±200mV 

5. Vs = ±10V to ±40V 

6. AV = +1 
7. CL = 50pF. RL = 5kn 

8. VOUT = ±30V 

HA-2640 HA-2645 
-550C to +125oC OOCto + 750C 

TEMP MIN TYP MAX MIN TYP MAX 

+250 C - 2 4 - 2 6 

Full - - 6 - - 7 

Full - 15 - - 15 -
+250 C - 10 25 - 12 30 

Full - - 50 - - 50 

+250C - 5 12 - 15 30 
Full - - 35 - - 50 

+250 C 50 250 - 40 200 -
Full ±35 - - ±35 - -

+250 C 100K 200K - 100K 200K -
Full 75K - - 75K - -
Full 80 100 - 74 100 -

+250 C 1 - - 1 - -
+250 C - 4 - - 4 -

Full ±35 - - ±35 - -
+250C ±12 ±15 - ±10 ±12 -
+2SoC - SOO - - 500 -
+250 C - 23 - - 23 -

+250C - 60 100 - 60 100 
+2SoC - 1S 30 - is 40 
+2SoC ±3 ±5 - ±2.5 ±S -

+250 C - 3.2 3.8 - 3.2 4.5 

Full ±10 - ±40 ±10 - ±40 

Full 80 90 - 74 90 -

9. RL = 1kn 

10. This parameter based upon design calculations. 

11. Full Power Bandwidth guaranteed based upon slew rate measurement: 
FPBW = S.RJ2nVpEAK. 

12. Absolute Maximum Ratings are limiting values applied individually 
beyond which the serviceability of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily implied. 
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HA-2640/2645 

Typical Performance Curves v+ = v- = 40V D.C., TA = +250C, Unless Otherwise Specified. 
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NOTE: External Compensation Components are not required for stability, 
but may be added to reduce bandwidlh if desired. If External Com· 
pensation is used, also connect 100pF capacitor from output to 
ground. 

2-84 



HA-2640/2645 

Typical Performance Curves (Continued) 

OUTPUT VOLTAGE SWING vs. FREQUENCY AT +250 C OUTPUT CURRENT CHARACTERISTIC 
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SUGGESTED VOS ADJUSTMENT 
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SLEW RATE AND TRANSIENT 
RESPONSE TEST CIRCUIT 
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Tested Offset Adjustment Range is I Vas +1 mV I minimum 
referred to output. Typical range is ±20mV with RT = 10k!). 
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Features 

• SLEW RATE 

• BANDWIDTH 

• BIAS CURRENT 

5VfJ.1s 

8M Hz 

35nA 

• AVG. OFFSET VOLTAGE DRIFT 

• POWER CONSUMPTION 

• SUPPLY VOLTAGE RANGE 

8 J.1V foe 

75mW 

± 2V TO ±'20V 

Applications 

• VIDEO AMPLIFIERS 

• HIGH IMPEDANCE, WIDEBAND BUFFERS 

• INTEGRATORS 

• AUDIO AMPLIFIERS 

• ACTIVE FI L TERS 

Pinouts 
HA1-2650/2655 (CERAMIC DIP) 

TOP VIEW 

NIC 1 14 v+ 

OUT 2 13 NIC 

BALANCE { : 
12 OUT 

11 } BALANCE 

IN {: 
10 

: } IN v-

HA2-2650/2655 (TO-99 METAL CAN) 
TOP VIEW 

v+ 

NOTE: Case Connected to V- v-

I 
I 
I RPl 

I 
I 
I 
I 
I 
I 
I 
I 

HA·2650/55 
Dual High Performance 

Operational Amplifier 

HA-2650f2655 contains two internally compensated operational amp­
lifiers offering high slew rate and high frequency performance combined 
with exceptional DC characteristics. 5Vf)..sec slew rate and 8MHz 
bandwidth make these amplifiers suitable for processing fast, wideband 
signals extending into the video frequency spectrum. Signal processing 
accuracy is enhanced by front-end performance that includes 1.5mV 
offset voltage, 8J.1vfoe offset voltage drift and low offset and bias 
current (1 nA and 35nA respectively). Offset voltage can be trimmed to 
zero on the devices offered in dual-in-line packages. Signal conditioning 
is further enhanced by 500MD input impedance. 

Applications for HA-2650/2655 include video circuit designs such as 
high impedance buffers, integrators, tone generators and filters. These 
amplifiers are also ideal components for active filtering of audio and 
voice signals. 

HA-2650f2655 are offered in 14 pin DIP and metal TO-99 packages and 
are also available in dice form. HA-2650 is specified form -55 0 C to 
+1250 e. HA-2655 operates from ooe to +75 0 e. 

Schematic 
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Specifications HA-2650/2655 

Absolute Maximum Ratings (Note 1) 

TA = +250C, Unless Otherwise Specified 

Operating Temperature Ranges 
HA-2650 .............................. -55°C::;' TA s+1250C 

Voltage Between V+ and V- Terminals ..................... 40V HA-2655 ................................. OOC::;' T A::;' +750C 

DifierentiallnputVoltage ................................ ±30V Storage Temperature Range: ............. -65°C::;' TA::;' +l50oC 

Input Voltage (Note 1) .................................. ±15V 
Output Short Circuit Duration ........................ Indefinite 
Power DisSipation (Note 2) 

TO-99 ......................................... 300mW 

Electrical Specifications V+ = +15V D.C., V- = -15V D.C. 

HA-2650 HA-2655 

-55°C to + 125°C oOC to +750 C 

PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +250 C 1.5 3 mV 

Full 5 mV 

Av. Offset Voltage Drift Full 8 8 /-LV/oC 

Bias Current +25 0 C 35 100 50 200 nA 

Full 200 300 nA 

. Offset Current +25 0C 30 60 nA 

Full 60 100 nA 

Common Mode Range Full ~13 ~13 V 

Differential Input Resistance (Note 9) +25 0 C 20 5 20 Mn 

Common Mode Input Resistance +250 C 500 500 Mn 

I nput Capacitance +25 0C 5 5 pF 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 3ab) +250 C 20K 401< 15K 40K V/V 

Full 15K 10K V/V 

Common Mode Rejection Ratio (Note 4) +250C 80 100 74 100 dB 

Full 80 74 dB 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 3ci +25 0C ~13 ±14 ~13 ~14 V 

Full ~13 :!:13 V 

Full Power Bandwidth (Notes 5 & 10) +25 0C 30 80 30 80 KHz 

Output Current (Note 3a) +25 0C :!:20 :!:18 mA 

Output Resistance +25 0C 100 100 n 
TRANSIENT RESPONSE (Note 6) 

Rise Time (Note 7) +250 C 40 80 40 90 ns 

Overshoot (Note 7) +25 0C 15 40 15 40 % 

Slew Rate +250 C :!:2 :!:5 :!:2 :!:5 V/p.s 

POWER SUPPLY CHARACTERISTICS 

Supply Current +250 C 2.5 4 5 mA 

Power Supply Rejection Ratio (Note 8) +250C 80 100 74 100 dB 

Full 80 74 dB 

NOTES: 1. For supply voltages less than :!:15V, 4. VCM = :!:5.0V 9. This parameter value based upon 
the absolute maximum input voltage 5. Av = 1, RL = 2K, Va = 20Vpp design calculations. 
is equal to the supply voltage. 6. See transient response/slew rate 10. Full power bandwidth guaranteed 

2. Derate at 4.7mW/oC at ambient tem- circuit. based upon slew rate measurement 
peratures above +11 OOC. 7. Vin = 200mV FPBW = S.R.l2rrVpea k. 

3. (al Va = :!:10V (bl RL = 2K B. ~ V = :!:5.0V 
(el RL = 10K 
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HA-2650/2655 

Typical Performance Curves v+ == +15V, V- == -15V, T A = +250 C, Unless Otherwise Specified. 
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HA-2650/2655 

Test Circuits 

TRANSIENT RESPONSE/SLEW RATE CIRCUIT SLEWING WAVEFORM 

7 ~ 
VOUT --~ ~ 

VERTICAL 5VIOIV. HORIZONTAL lfJs/DIV. 

Typical Applications 

LOW COST HIGH FREQUENCY GENERATOR 

r-____ ~RN2~---------------------------E_,O ~ 

R R 

~VZ 

ABSOLUTE - VALUE CIRCUIT 

R 

f=4R 1C I~) 
3 3\R2 

(Eo)pp = 2Vz(:f) 

R 
Eio---~~----~~~----~------~~t---~V----, 

HIGH IMPEDANCE 
HIGH GAIN 
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R 
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Ein G------i 

-15V 
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m HA.RRIS HA-2720/25 

Features 

Not Recommended 
For New Designs 

See HA-5141 or HA-5151 

• WI DE PRDGRAMMING RANGE 

SLEW RATE 
BANDWIDTH 
BIAS CURRENT 
SUPPLY CURRENT 

• WIDEPOWERSUPPLYRANGE 

0.06 TO 6V/J1s 
5kHzTO 10MHz 

0.4 TO 50nA 
lJ1A TO 1.5mA 

±1.2 TO ±18V 

• CONSTANT AC PERFORMANCE OVER SUPPLY 
RANGE 

Applications 

• ACTIVE FILTERS 

• CURRENT CONTROLLED OSCILLATORS 

• VARIABLE ACTIVE FI LTERS 

• MODULATORS 

• BATTERY-POWERED EQUIPMENT 

Pinouts 
HA7-2720/2725 (CERAMIC MINI-DIP) 

TOP VIEW 

BALANCE 

INVERTING INPUT 

NONINVERTING 
INPUT 

V-

ISET 

V+ 

OUTPUT 

BALANCE 

Note: Case tied to V-

HA2-2720/2725 (TO-99 METAL CAN) 
TOP VIEW 

INVE~J~~~ 2 

Description 

Wide Range Programmable 
Operational Amplifier 

HA-2720/2725 programmable amplifiers are internally compen­
sated monolithic devices offering a wide range of performance, 
that can be controlled by adjusting the circuits' "set" current 
(lSET). By means of adjusting an external resistor or current 
source, power dissipation, slew rate, bandwidth, output current 
and input noise can be programmed to desired levels. This 
versatile adjustment capability enables HA-2720/2725 to pro­
vide optimum design solutions by delivering the required level 
of performance with minimum possible power dissipation. 
HA-2720 and HA-2725 can, therefore, be utilized as the stand­
ard amplifier for a variety of designs simply by adjusting their 
programming current. 

A major advantage of HA-2720/2725 is that operating charac­
teristics remain virtually constant over a wide supply range 
(±1.2V to ±15Vl, allowing the amplifiers to offer maximum 
performance in almost any system including battery-operated 
equipment. A primary application for HA-2720/2725 is in 
active filters for a wide variety of signals that differ in frequency 
and amplitude. Also, by modulating the "set" current, HA-
2720/2725 can be used for designs such as current controlled 
oscillators modulators, sample and hold circuits and variable 
active filters. 

HA· 2720 is guaranteed over -550 C to +1250 C. HA-2725 is 
specified from OOC to +75 0 C. Both parts are available in TO-99 
cans or dice form. 

Schematic 
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Specifications HA-2 720/2 725 
It) 
('II 

Absolute Maximum Ratings Operating Temperature Ranges ......... 
0 

Voltage Between V+ and V- Terminals ..................... 45V HA-2720 .............................. -550CSTA~+1250C ('II 
Differential Input Voltage ..................•.......•..... ±30V HA-2725 .•............................... ooCS TA ~+750C r-. 
Input Voltage (Note 1) ........................•.•....... ±15V Storage Temperature Range: ............. -650C S T A ~ +150oC ('II 

ISET (Current atlSET) .................................. 500MA I 
c( 

VSET(VoltagetoGNDatlsET) ............ V+-2VSVSET~V+ :I: Power Dissipation (Note 2) ............................ 300mW 

Electrical Specifications V+ = +3V, V- = -3V. 

HA-2720 HA-2725 
-55°C to +125 0 C oOC to +75 0 C 

ISET = 1.5J.1A ISET = 15jJ.A ISET = 1.5J.1A ISET = 15J.1A 

PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. UNITS 

INPUT CHARACTERISTICS 

Offset Voltago 25 0 C 2.0 3.0 2.0 3.0 2.0 5.0 2.0 5.0 mV 1/1 
Full 5.0 5.0 7.0 7.0 mV aII~ .. ~ 

Offset Current 25 0 C 0.5 3.0 1.0 10 0.5 5.0 1.0 10 nA 11.<1: 

Full 7.5 20 7.5 20 nA ~!c¥ 
11.11. 
O::!i 

Bias Current 25 0 C 2.0 5.0 8.0 20 2.0 10 8.0 30 nA 0 
0 

Full 10 40 10 40 nA 

Input Resistance (Note 10) 25°C 50 50 MQ 

I nput Capacitance 250 C 3.0 3.0 3.0 3.0 pF 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 9) 25 0 C 15K 40K 15K 40K 15K 40K 15K 40K V/V 
Full 10K 10K 10K 10K V/V 

Common Mode Rejection Ratio (Note 4) Full 80 80 74 74 dB 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 3) 25 0 C ±2.0 ±2.2 ±Z.O ±2.2 ±2.0 ±2.2 ±2.0 ±2.2 V 
Full ±2.0 ±2.0 ±Z.O ±2.0 V 

Output Current (Note 5) 25°C ±0.2 ±2.0 ±0.2 ±2.0 mA 

Output Resistance 25°C 2K 500 2K 500 Q 

Output Short-Circuit Current 250 C 2.8 14 2.8 14 rnA 

TRANSIENT RESPONSE 

Rise Time (Note 6) 25°C 2.5 0.25 2.5 0.25 J.ls 

Overshoot (Note 6) 250 C 10 10 % 

Slew Rate (Note 7) 25°C 0.07 0.70 0.07 0.70 V/jJ.s 

POWER SUPPLY CHARACTERISTICS 

Supply Current 25 0 C 15 170 15 170 J.lA 
Full 25 250 25 250 J.lA 

Power Supply Rejection Ratio (Note 8) Full 80 80 76 76 dB 
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Specifications HA-2720/2725 

Electrical Specifications (Continued) V+ == +15V, V- = -15V. 

HA-2720 HA-2725 
-550C to + 125°C OOC to +750C 

ISET - 1.5/lA ISET; 15/lA ISET; 1.5/lA ISET; 15/lA 

PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. 

INPUT CHARACTERISTICS 
Offset Voltage 25°C 2.0 3.0 2.0 3.0 2,0 5,0 2,0 5.0 

Full 5,0 5,0 7,0 7,0 

Offset Current 25°C 0,5 3.0 1.0 10 0,5 5,0 1.0 10 
Full 7,5 20 7,5 20 

Bias Current 25°C 2.0 5.0 8.0 20 2.0 10 8.0 30 
Full 10 40 10 40 

Input Resistance (N ote 10) 25°C 50 5 50 5 

I nput Capacitance 25°C 3,0 3,0 3.0 3.0 

TRANSFER CHARACTERISTICS 
Large Signal Voltage Gain (Notes 3 & 9) 25°C 30K lOOK 30K 120K 25K 40K 25K 120K 

Full 20K 20K 20K 20K 

Common Mode Rejection Ratio (Note 4) 25°C 90 90 90 90 
Full 80 80 74 74 

OUTPUT CHARACTERISTICS 
Output Voltage Swing (Note 3) 25°C ± 12 i:.13.5 ± 12 i:.13.5 ± 12 ±13.5 :!:.12 ±13.5 

Full ±10 ±1O i:.l0 ±. 10 

Output Current (Note 5) 25°C ±0,5 :!:.S.O ±0.5 ± 5.0 

Output Resistance 25°C 2K 500 2K 500 

Output Short-Circuit Current 25°C 3,7 19 3.7 19 

TRANSIENT RESPONSE 
Rise Time (Note 6) 25°C 2.0 0.2 2,0 0.2 

Overshoot (Note 6) 25°C 5 15 5 15 

Slew Rate (Note 7) 25°C 0.1 0.8 0.1 0,8 

POWER SUPPLY CHARACTERISTICS 
Supply Current 25°C 20 210 20 210 

Full 50 450 50 450 

Power Supply Rejection Ratio(Note 8) Full 80 80 76 76 

NOTES: 1. For supply voltages less than ±15.0V, the absolute maximum input voltage is equal to supply voltage. 
2. Derate at 6.8mW/oC for operation ambient temperatures above 75°C. 

VSUPPLY =,±3.0V 

3. T = +250 C and Full 

4. V CM =±1.5V 

5. Va = ±2.0V 

VSUPPLY = ±15.0V 

T = +250 C 

T = Full 

V CM = ±5.0V 

Va = ±10.0V 

ISET = 1.5/lA 

RL = 75KH 

RL = 75KH 

6, ------AV = +1, V 1N = 400mV, RL = 5K. C L = 100pF 

7. Va = :t2.0V 

B . .J.V = ±1.5V 

Va = ±10,OV RL = 20K 

.J.V = ±5.0V 

9. V a =±1,OV V a =±10,OV 

10. This parameter based upon design calculations. 
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HA-2720/2725 

Typical Performance Curves TA = +250 C, Vs = ±15V D.C. Unless Otherwise Specified, 
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HA-2720/2725 

Typical Performance Curves (Continued) TA = +250 C, Vs = ±15V D.C. Unless Otherwise Specified. 
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Typical Performance Curves 
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(Continued) TA = +250C, Vs = ±15V D.C. Unless Otherwise Specified. 
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m HARRIS HA-4741 
Quad Operational Amplifier 

Features Applications 

• Slew Rate .................................. 1.6V1f.1s • Universal Active Filters 
• Bandwidth ....•...•........................ 3.5MHz • D3 Communications Filters 
• Input Voltage Noise ....................... 9nVyIHZ • Audio Amplifiers 
• Input Offset Voltage ......................... O.5mV • Battery-Powered Equipment 
• Input Bias Current ............................ 60nA 
• Supply Range ......................... ±2V to ±20V 
• No Crossover Distortion 

• Standard Quad Pin-Out 

Description 

HA-4741, which contains four amplifiers on a monolithic 
chip, provides a new measure of performance for general 
purpose operational amplifiers. Each amplifier in the 
HA-4741 has operating specifications that equal or exceed 
those of the 741-type amplifier in all categories of perform­
ance. 

HA-4741 is well suited to applications requiring accurate 
signal processing by virtue of its low values of input offset 
voltage (O.5mV), input bias current (60nA) and input voltage 
noise (9nV/y'HZ at 1 kHz). 3.5MHz bandwidth, coupled 
with high open-loop gain, allow the HA-4741 to be used in 
designs requiring amplification of wide band signals, such 
as audio amplifiers. Audio application is further enhanced 
by the HA-4741's negligible output crossover distortion. 

Pinout 

OUT 
1 

INPUTS 
1 

INPUTS 
2 

OUT 
2 

HA1-4741 (CERAMIC) 
HA3-4741 (EPOXY) 

TOP VIEW 

OUT 
4 

INPUTS 
4 

v-

INPUTS 
3 

Schematic 

These excellent dynamic characteristics also make the 
HA-4741 ideal for a wide range of active filter designs. 
Performance integrity of multi-channel designs is assured 
by a high level of amplifier-to-amplifier isolation (1 08dB at 
1kHz). 

A wide range of supply voltages (±2V to ±20V) can be used 
to power the HA-4741, making it compatible with almost 
any system including battery-powered equipment. 

The HA-4741is available in a 14 Pin Ceramic and Epoxy 
Mini-DIPs. The HA-4741-2 operates from -550 C to 
+1250 C and the HA-4741-5 operates over the DoC to 
+750 C temperature range. HA-4741/883 product and data 
sheets available upon request. 

06 

R1 
3K 

Y. HA-4741 

r-+-i:"015 

R5 
30K 

R6 
80 

R7 
80 

R8 150 

VOUT 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HA-4741 

Absolute Maximum Ratings (Note 13) 

T A = +250 C Unless Otherwise Stated 
Voltage Between V+ and V- Terminals ................... 40.0V 
Differential Input Voltage ............................... ±30.0V 
Input Voltage (Note 1) ................................. ±15.0V 
Output Short Circuit Duration (Note 2) ................. Indefinite 
Power Dissipation For Epoxy Package (Note 3) . . . . . . . . .. 880mW 

Operating Temperature Ranges 

HA-4741-2 ............................ -550 CSTA S+1250 C 
HA-4741-5 ............................... OOCSTAS.+750 C 
Storage Temperature Range ............. -650 C ST A S + 1500 C 

Electrical Specifications v+ = +15V. v- = -15V. Unless Otherwise Specified. 

PARAMETER TEMP 

INPUT CHARACTERISTICS 

Offset Voltage +250 C 

Full 

Average Offset Voltage Drift Full 

Bias Current +250 C 

Full 

Offset Current +250 C 

Full 

Common Mode Range Full 

Differential Input Resistance +250 C 

Input Voltage Noise (f = 1 kHz) +250 C 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Notes 4) +250 C 

Full 

Common Mode Rejection Ratio +250 C 

Full 

Channel Separation (Note 5) +250C 

Small Signal Bandwidth +250C 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (RL = 10K) Full 

(RL=2K) Full 

Full Power Bandwidth (Notes 4 &9) +250C 

Output Current (Note 6) Full 

Output Resistance +250 C 

TRANSIENT RESPONSE (Note 7 & 10) 

Rise Time (Note 11) +250 C 

Overshoot (Note 11) +250 C 

Slew Rate (Note 12) +250 C 

POWER SUPPLY CHARACTERISTICS 

Supply Current +250C 

Power Supply Rejection Ratio (Note 8) Full 

NOTES: 
1. For supply voltages less than ±15V I the absolute maximum 

input voltage is equal to the supply voltage. 

2. One amplifier may be shorted to ground indefinitely. 

3. Derate S.8mW/oC above TA = +2SoC. 

4. VOUT = ±1 O. RL = 2K. 

5. Referred to input; f = 10kHz. RS = 1 K. 

6. VOUT = ±10. 

7. See Pulse Response Characteristics. 

8. J;.V = ±5V. 

HA-4741-2 HA-4741-S 
-SsOC to +12S0C OOCto+7S0 C 

MIN 

-
-
-
-
-
-
-

±12 

-
-

50K 

25K 

80 

74 

90 

2.5 

±12 

±10 

14 

±5 

-

-
-
-

-
80 

TYP MAX MIN TYP MAX UNITS 

0.5 3 - 1 5 mV 

4 5 - 4 6.5 mV 

5 - - 5 - ~V!°C 
60 200 - 60 300 nA 

- 325 - - 400 nA 

15 30 - 30 50 nA 

- 75 - - 100 nA 

- - ±12 - - V 

0.5 - - 0.5 - MO 

9 - - 9 - nVly'Hz 

lOOK - 25K 50K - VN 

- - 15K - - VN 

95 - 80 95 - dB 

- - 74 - - dB 

108 - 90 108 - dB 

3.5 - 2.5 3.5 - MHz 

±13.7 - ±12 ±13.7 - V 

±12.5 - ±10 ±12.5 - V 

25 - 14 25 - kHz 

±15 - ±5 ±15 - mA 

300 - - 300 - 0 

75 140 - 75 140 ns 

25 40 - 25 40 % 

±1.6 - - ±1.6 - V/~s 

4.5 5 - 5 7 mA 

95 - 80 95 - dB 

9. Full power bandwidth guaranteed based upon slew rate 
measurement FPBW = S.R.!2n VPEAK. 

10. RL = 2K. CL = 50pF. 

11. VOUT = ±200mV. 

12. VOUT = ±5V. 

13. Absolute maximum ratings are limiting values, applied indivi· 
dually beyond which the serviceability of the circuit may be 
impaired. Functional operability under any of these conditions 
is not necessarily implied. 
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HA-4741 

Typical Performance Curves V+ =+15V, V- = -15V, TA = +250C, Unless Otherwise Specified. 
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Typical Performance Curves (Continued) 

CHANNEL SEPARATION vs. FREQUENCY 
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mHARRIS HA-4900/02/05 

Features 
• Fast Response Time. . . . . . . . . . . . . . . . . . . . . . . .. 130ns 
• Low Offset Voltage .••..........•.....•.....• 2.0mV 
• Low Offset Current ....•....••.....••...••.... 10nA 
• Single or Dual-Voltage Supply Operation 
• Selectable Output Logic Levels 
• Active Pull-Up/Pull-Down Output Circuit-No 

External Resistors Required 

Description 
The HA-4900 series are monolithic, quad, precIsion 
comparators offering fast response time, low offset voltage, 
low offset current, and virtually no channel-to-channel 
crosstalk for applications requiring accurate, high speed, 
signal level detection. These comparators can sense 
signals at ground level while being operated from either a 
single +5 volt supply (digital systems) or from dual supplies 
(analog networks) up to ±15volts. The HA-4900 series 
contains a unique current driven output stage which can be 
connected to logic system supplies (VLogic + and VLogic -) 
to make the output levels directly compatible (no external 
components needed) with any standard logic or special 
system logic levels. In combination analog/digital systems, 

Pinouts 
HAI-4900/02/05 (CERAMIC DIP) 

TOP VIEW 

VL+ OUT 4 

OUTI IN -4 

IN -1 IN +4 

IN +1 V+ 

V- IN +3 

IN +2 IN -3 

IN -2 OUT 3 

OUT 2 VL-

Schematic 

Precision Quad Comparator 

Applications 

• Threshold Detector 
• Zero-Crossing Detector 
• Window Detector 
• Analog Interfaces for Microprocessors 
• High Stability Oscillators 
• LogiC System Interfaces 

the design employed in the HA-4900 series input and 
output stages prevents troublesome ground coupling of 
signals between analog and digital portions of the system. 

These comparators' combination of features makes them 
ideal components for signal detection and processing in 
data acquisition systems, test equipment, and micro­
processor/analog signal interface networks. 

All devices are available in 16 pin dual-in-line ceramic 
packages. The HA-4900/4902-2 operates from -550 C to 
+1250 C and the HA-4905-5 operates over a COC to 
+ 750 C temperature range. For military grade product, refer 
to the HA-4902/883 data sheet. 

OUT 

ONE FOURTH ONLY (HA-4900/4905) 

CAUTION: These devices are sensttive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HA -4900/02/05 

Absolute Maximum Ratings (Note 1) Operating Temperature Ranges 
Voltage Between V+ and V- Terminals ..•.....•......••.•.. 33V 
DifferentialinputVoltage ..•....•........•.•............. ±15V 
Voltage Between VLogic (+) and VLogic(-) ..•.••......••.... 18V 
Peak Output Current ....•............................. ±50mA 

HA-4900-2 ..••...•.................... -550C~TA~ +1250 C 
HA-4902-2 .....•....•.............•... -550C TA +1250C 
HA-4905-5 ............................... QOC~TA~ +750 C 
Storage Temperature Range: .........••.. -650C ~TA~ +150oC 

Internal Power Dissipation (Note 7, 8) ..................... 2.0W 

Electrical Specifications V+ = +15V, V- = -15V, VLogic (+) = 5V, VLogic (-) = GND. 

HA-4900-2 HA-4902-2 HA-4905-5 
-550 C to +1250C -550 C to +1250 C OOC to +750C 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage (Note 2) 250 C 2 3 2 5 4 7.5 mV 
Full 4 8 10 mV 

Offset Current 25 0C 10 25 10 35 25 50 nA 
Full 35 45 70 nA 

Bias Current (Note 3) 250C 50 75 50 150 100 150 nA 
Full 150 200 300 nA 

Input Sensitivity (Note 4) 25 0C Vio+.3 Via +.5 Via +.5 mV 
Full Via +.4 Via +.6 Via +.7 mV 

Common Mode Range Full V- (V+)-2.4 V- (V+)-2.6 V- (V+)-2.4 V 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain 250C 400K 400K 400K V/V 

Response Time (T pdO) (Note 5) 250 C 130 200 130 200 130 200 ns 

Response Time (T pdll (Note 5) 250C 180 215 180 215 180 215 ns 

OUTPUT CHARACTERISITICS 

Output Voltage Level 

Logic "Low State" (VoLl (Note 6) Full 0.2 0.4 0.2 0.4 0.2 0.4 V 

Logic "High State" (VOH) (Note 6) Full 3.5 4.2 3.5 4.2 3.5 4.2 V 

Output Current 

ISink Full 3.0 3.0 3.0 rnA 

ISource Full 3.0 3.0 3.0 rnA 

POWER SUPPLY CHARACTERISTICS 

Supply Current, Ips (+) 250 C 6.5 20 6.5 20 7 20 rnA 

Supply Current, Ips (-) 250 C 4 8 4 8 5 8 rnA 

Supply Current, Ips (Logic) 250 C 3.5 6 3.5 6 3.5 6 rnA 

Supply Voltage Range 

VLogic (+) (Note 7) Full 0 +15.0 0 +15.0 0 +15.0 V 

VLogic (-) (Note 7) Full -15.0 0 -15.0 0 -15.0 0 V 
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NOTES: 

1. Absolute maximum ratings are limiting values, applied individually. 
beyond whi.ch the serviceabiltty of the circuit may be impaired. Function­
al operability under any of these conditions is not necessarily implied. 

2. Minimum differential input voltage required to ensure a defined output 
state. 

3. Input bias currents are essentially constant with differential input 
voltages up to ± 9 volts. With differential input voltages from ±9 to ± 15 
volts, bias current on the more negative input can rise to approximately 
5OOjlA. This will also cause higher supply currents. 

4. RS 5. 200 ohms; VIN 5. Common Mode Range. Input sensttivtty is the 
worst ,case minimum differential input voltage required to guarantee a 
given output logic state. This parameter includes the effects of offset 
voltage, offset current, common mode rejection, and voltage gain. 

5. For Tpd(I); lOOmV input step, -10mV overdrive. For Tpd(O); -loomV 

Test Circuits 

OVERORI~r-_____ _ 

----- - VTH =OV 

INPUT T 
100mV 

OUTPUT 

T=O 

input step, 10mV overdrive. Frequency'" 1 ooHz; Duty Cycle'" 50%; 
Inverting input driven. See Test Circuit below. All unused inverting inputs 
tie to +5V. 

6. For VOH and VOL: ISink = ISource = 3.0mA. For other values of VLogic; 
VOH (min.) = VL09ic + -1.5V. 

7. Total Power Dissipation (T.P.D.) is the sum of individual dissipation 
contributions of V+. V- and VLogic shown in curves of Power Dissipation 
vs. Supply Voltages (see Performance Curves). The calculated T.P.D. is 
then located on the graph of Maximum Allowable Package Dissipation 
VS. Ambient Temperature to determine ambient temperature operating 
limtts imposed by the calculated T.P.D. (See Performance Curves). For 
instance, the combination of +15V, -15V, +5V, OV (V+, V-, VLogic+, 
VLogic-) gives a T.P.D. of 350mW, the combination +15V, -15V, OV 
gives a T.P.D. of 450mW. 

8. Derate By5.8mWPC aboveTA = +750 C. Sja = 750 C/W, Sj(:= 200 C/W. 

+15V 

>---oVOUT 

f ~ 100mV 

~ ------VTH=OV 

T 
OVERORIVE 

For input and output voltage waveforms for various input overdrives see Periormance Curves. 
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Typical Performance Curves v+ = 15V, VLogic (+) = 5V, 
VLogic (-) = av, TA = +250 C, Unless Otherwise Specified. 

INPUT BIAS CURRENT vs. TEMPERATURE INPUT OFFSET CU RRENT vs. TEMPERATURE 
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SUPPLY CURRENTvs. TEMPERATURE 

FOR ±15V SUPPLIES AND +5V LOGIC SUPPLY 
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v+= lS.DV 
v·= lS.0V 

Ips+ VlOGICI+1 =5.0V 
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f--+~-f--+--+'ps. -+L-/_+-_+_~ 
Vour" H 

IPS-
I--+--+--+--+-VOUT' L~i'-..--f--+----l 

1--+---t--+--+~g~T"Ht-V--t---+---l 

-
-50 -25 

IPSl 
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IpsL /' 
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SUPPLY CURRENT vs. TEMPERATURE 

FOR SINGLE +5V OPERATION 
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Typical Performance Curves (Continued) 
RESPONSE TIME FOR VARIOUS INPUT OVERDRIVES 
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Applying the HA-4900 Series Comparators 

1. SUPPLY CONNECTIONS: This device is exceptionally 
versatile in working with most available power supplies. 
The voltage applied to the V+ and V- terminals determines 
the allowable input signal range; while the voltage applied 
to the VL + .and VL- determines the output swing. In 
systems where dual analog supplies are available, these 
would be connected to V+ and V-, while the logic supply 
and return would be connected to VLogic+ and VLogic-. 
The analog and logic supply commons can be connected 
together at one point in the system, since the comparator 
is immune to noise on the logic supply ground. A negative 
output swing may be obtained by connecting V L + to 
ground and VL- to a negative supply. Bipolar output 
swings (15V P-P, max.) may be obtained using dual sup­
plies. In systems where only a single logic supply is avail­
able (+5V to +15V), V+ and VLogic+ may be connected 
together to the positive supply while V- and VLogic­
are grounded. If an input signal could swing negative with 
respect the V- terminal, a resistor should be connected in 
series with the input to limit input current to < 5mA 
since the C-B junction of the input transistor would be 
fo rward bi ased. 
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2. UNUSED INPUTS: Inputs of unused comparator sections 
should be tied to a differential voltage source to prevent 
output "chatter". 

3. CROSSTALK: Simultaneous high frequency operation of 
all other channels in the package will not affect the output 
logic state of Ii given channel, provided that its differential 
input voltage is sufficient to define a given logic state 
(,1VIN ~ tVDS). Low level or high impedance input lines 
shoUld be shielded from other signal sources to reduce 
crosstalk and interference. 

4. POWER SUPPLY DECOUPLlNG: Decouple all power 
supply lines with.Ol f..L F ceramic capacitors to a ground 
line located near the package to reduce coupling between 
channneis or from external sou,rces. 

5. RESPONSE TIME: Fast rise time « 200ns) input pulses 
of several volts amplitude may result in delay times some­
what longer than those illustrated for 100mV steps. Oper­
ating speed is optimized by limiting the maximum differ­
ential input voltage applied, with resistor-diode clamping 
networks. 
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Typical Applications 

ANALOG 
INPUTS 

r-------- - - ---, 
LATCH 

D/A 

1 
IN TERFACE 

I - -
COMPARATORS 

J 

INTERFACE 

------' 
ANALOG INPUT MODULE 

DATA ACQUISITION SYSTEM 

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

MEMORY , 
~ 

I 

I 

I MICROPROCESSOR 

I 
I 
I L.. _________ __ J 

PROCESSOR 

In this circuit the HA-4900 series is used in conjunction with a 0 to A converter to form a simple, versatile, multi-channel analog 
input for a data acquisition system. In operation the processor first sends an address to the 0 to A, then the processor reads 
the digital word generated by the comparator outputs. 

To perform a simple comparison, the processor sets the 0 to A to a given reference level, then examines one or more comparator 
outputs to determine if their inputs are above or below the reference. A window comparison consists of two such cycles with 
2 reference levels set by the 0 to A. One way to digitize the inputs would be for the processor to increment the 0 to A in steps. 
The 0 to A address, as each comparator switches, is the digitized level of the input. While stairstepping the 0 to A is slower than 
successive approximation, all channels are digitized during one staircase ramp. 

+5.0V 

TTL TO CMOS CMOS TO TTL 

LOGIC LEVEL TRANSLATORS 

The HA-4900 series comparators can be used as versatile logic interface devices as shown in the circuits 
above. Negative logic devices may also be interfaced with appropriate supply connections. 

If separate supplies are used for V- and VLogic-, these logic level translators will tolerate several volts of 
ground line differential noise. 
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Typical Applications (Continued) 

+10. 

4.1K 

3W 
lK 

56K 51K 

lK 

RS-232 TO CMOS LINE RECEIVER 
This RS-232 type line receiver to drive CMOS logic uses a 

,Schmitt trigger feedback network to give about 1 volt input 
hysteresis for added noise immunity. A possible problem in 
an interface which connects two equipments, each plugged 
into a different AC receptacle, is that the power line voltage 
may appear at the receiver input when the interface connect­
ion is made or broken. The two diodes and a 3 watt input 
resistor will protect the inputs under these conditions. 

v+ 

150K 

01 R2 
150K 

SDK 

OSCILLATOR/CLOCK GENERATOR 
This self-starting fixed frequency oscillator circuit gives 
excellent frequency stability. R 1 and C 1 comprise the 
frequency determining network while R2 provides the 
regenerative feedback. Oiode 01 enhances the stability by 
compensating for the difference between VOH and VSupply. 
In applications where a precision clock generator up to 
100kHz is required, such as in automatic test equipment, 
C 1 may be replaced by a crystal. 
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INPUT 

>+1~----o HI 
HI REF 0--1-+---1 vcc 

La REF o-__ H----l 
>~~----oLO 

I I L ______ ...I 

WINDOW DETECTOR 
The high switching speed, low offset current and low offset 
voltage of the HA-4900 series makes this window detector 
circuit extremely well suited to applications requiring fast, 
accurate, decision-making. The circuit above is ideal for 
industrial process system feedback controllers. or "out­
of-limit" alarm indicators. 

+15V 

-15V 

1.>---_--0 VOH",4.2V 

Rl 
lOon 

R2 
2K 

R3 
13K 

-15V 

SCHMITT TRIGGER (ZERO CROSSING 
DETECTOR WITH HYSTERESIS) 

This circuit has a 100mV hysteresis which can be used in 
applications where very fast transition times are required 
at the output even though the signal input is very slow. 
The hysteresis loop also,reduces false triggering due to noise 
on the input. The waveforms below show the trip points 
developed by the hysteresis loop. 

vo. 

ov--~------------~----_____ +l __ 

I nput to Output Waveform 
Showing Hysteresis Trip Points 
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Features 

• Voltage Gain ..................................................•........•. 0.995 

• High Input Impedance ......................................... 3000kO 

• Low Output Impedance ............................................... 30 

• Very High Slew Rate ..................................... 1300V / jJ.sec 

• Very Wide Bandwidth ......................................... 11 OMHz 

• High Output Current ............................•............. ±200mA 

• Pulsed Output Current ...................•..................... 400mA 

• Monolithic Construction 

Description 
The HA-5002 is a monolithic, wideband, high slew rate, 
high output current, buffer amplifier. 

Utilizing the advantages of the Harris 0.1. technologies, 
the HA-5002 current buffer offers 1300V/jJ.sec slew rate 
with 110MHz of bandwidth. The ±200mA output current 
capability is enhanced by a 3 ohm output impedance. 

The monolithic HA-5002 will replace the hybrid LH0002 
with corresponding performance increases. These char­
acteristics range from the 3000K ohm input impedance to 

HA-5002 
Monolithic, Wideband, High Slew Rate, 

High Output Current Buffer 

Applications 

• Line Driver 

• Data Acquisition 

• 110MHz Buffer 

• High Power Current Booster 

• High Power Current Source 

• Sample and Holds 

• Radar Cable Driver 

• Video Products 

the increased output voltage swing. Monolithic design 
technologies have allowed a more precise buffer to be 
developed with more than an order of magnitude smaller 
gain error. 

The HA-5002 will provide many present hybrid users with 
a higher degree of reliability and atthe same time increase 
overall circuit performance. 

The HA-5002 is available in an 8 pin Metal Can, and 8 pin 
Ceramic and Plastic Mini-DIPs. For the military grade 
product, refer to the HA-5002/883 Data Sheet. 

Pinouts HA7-5002 (CERAMIC MINI-DIP) 
HA3-5002 (PLASTIC MINI-DIP) 

TOP VIEW 

Schematic 

HA2-5002 (TO-99 METAL CAN) 
TOP VIEW 

IN 

OUT 
Lee Package Available 

for HA-5002/883. 
See HA-5002/883 Data Sheet 

R9 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HA-5002 

Absolute Maximum Ratings (Note 1) Operating Temperature Range 
Voltage Between V+ and V- pins .................................. 44V Maximum Junction Temperature ........................... +1750 C 
Input Voltage .......................................... Equal to Supplies HA-5002-2 ....................................... -550 C ::; T A ::; +1250 C 
Output Current .................................. Continuous ±200mA HA-5002-5 ............................................ OOC ::; T A ::; +750 C 
Output Current ...................... (50ms On, ls Off) ± 400mA Storage Temperature Range ........ -650 C ::; T A::; +1500 C 
Internal Power Dissip;ltion (Note 2) 

TO-99 (+250 C) ....................................................... 1.11W 
Mini-DIP (+250 C) .................................................. 1.21W 
LCC (+250 C) .......................................................... 1.51W 

Electrical Specifications VSUPPLY = ± 12V to ± 15V, RS = 500, RL = lkO, CL = 10pF, Unless Otherwise Specified. 

HA-5002-2 

PARAMETER TEMP MIN TYP 

INPUT CHARACTERISTICS 

Offset Voltage +250 C 5 
Full 10 

Avg. Offset Voltage Drift Full 30 
Bias Current . +250 C 2 

Full 3.4 
Input Resistance Full 1.5 3 
Input Noise Voltage (10Hz-1MHz) +250 C 4 

TRANSFER CHARACTERISTICS 

Voltage Gain (Note 7) 
RL = 1000 +250 C 0.971 
RL = lkO +250 C 0.995 
RL = lkO Full 0.990 

-3dB Bandwidth (Note 4) +250 C 110 
AC Current Gain +250 C 40 

OUTPUT CHARACTERISTICS 

Output Voltage Swing 
RL = 1000 +250 C ±10 ±10.7 
RL = 1 kO (Note 3) Full ±10 ±13.5 
RL = lkO (Note 5) Full ±10 ±10.5 

Output Resistance Full 3 
Harmonic Distortion (Note 6) +250 C <0.005 

TRANSIENT RESPONSE 

Full Power Bandwidth (Note 8) +250 C 11 
Rise Time +250 C 3.6 
Propagation Delay +250 C 2 
Overshoot +250 C 30 
Slew Rate +250 C 1.0 1.3 
Settling Time to 0.1% +250 C 50 

POWER REQUIREMENTS 

Supply Current +250C 8.3 
Full 

Power Supply Rejection Ratio Full 54 64 
(Note 9) 

NOTES: 

1. Ab~olu~e maximum ra.tings are limiting values, applied indivi~u~lIy 

beyond which the serviceability 01 the circuit maY be. impaired. F"nction~1 
operability under any 01 these conditions is not necessarily implied: 

2. See thermal constants data in 0 .. Characteristics section. 

3. VSUPPI. Y = ± 15V 

4. VIN = 1 YAMS 
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HA-5002-5 

MIN TYP 

5 
10 
30 
2 

2.4 
1.5 3 

4 

0.971 
0.995 

0.980 
110 
40 

±10 ±11.2 
±10 ±13.9 
±10 ±10.5 

3 
<0.005 

11 
3.6 
2 

30 
1.0 1.3 

50 

8.3 

54 64 

5. VSUPPLY = ±12V 

6. VIN = 1VAMS; 1 = 10kHz. 

7. VOUT = ±10V 

8.VOUT= 10Vp_p 

9. aVSUPPLY = 10V 

MAX UNITS 

20 mV 
30 mV 

/lV/oC 
7 /lA 
10 /lA 

MO 
/lVp-p 

VN 
VN 
VN 
MHz 

AlmA 

V 
V 
V 

10 0 
% 

MHz 
ns 
ns 
% 

V/ns 
ns 

mA 
10 mA 

dB 
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Operating Instructions 

Layout Considerations 

The wide bandwidth of the HA-5002 necessitates that 
high frequency circuit layout procedures be followed. 
Failure to follow these guidelines can result in marginal 
performance. 

Probably the most crucial of the RF/video layout rules is 
the use of a ground plane. A ground plane provides isola­
tion and minimi;;:es distributed circuit capacitance and in­
ductance which will degrade high frequency perfor­
mance. 

Other considerations are proper power supply bypassing 
and keeping the input and output connections as short as 
possible which minimizes distributed capacitance and re­
duces board space. 

Power Supply Oecoupling 

For optimal device performance, it is recommended that 
the positive and negative power supplies be bypassed 
with capacitors to ground. Ceramic capacitors ranging in 
value from 0.01 to 0.1JlF will minimize high frequency vari­
ations in supply voltage, while low frequency bypassing 
requires larger valued capacitors since the impedance of 
the capacitor is dependent on frequency. 

It is also recommended that the bypass capacitors be con­
nected close to the HA-5002 (preferably directly to the 
supply pins). 

FREE AIR POWER DISSIPATION 

WATTS 

2.0 

1.6 

z 
0 
;::: 
<C 1.2 0-
c;,; 

'" Ci 

~ 0.8 
0 
0-
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0 
25 45 65 85 105 125 

AM81ENT TEMPERATURE (DC) 

Test Circuits 

COAXIAL CABLE DRIVER - 50n SYSTEM 

RM RG - 58 

50!) 

VI- V2- -=- -=-
-12V 

Tjma, - TA 

0j-c + 0c-s + Os-a 

Where: Tjmax :;:: Maximum Junction Temperature of the Device 

TA ~ Ambient 
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(}j-c;:::;; Junction to Case Thermal Resistance 

0c-s;::::;: Case to Heat Sink Thermal Resistance 

6s-a = Heat Sink to Ambient Thermal Resistance 
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Test Circuits 

LARGE AND SMALL SIGNAL RESPONSE 

AS 
IN o--....r.JV'----I 

SMALL SIGNAL WAVEFORMS 

RS = 500 
RL = 1000 

LARGE SIGNAL WAVEFORMS 

RS = 500 
RL = lkO 

+15V 

>--...... --0 OUT 

AL 

-15V 
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SMALL SIGNAL WAVEFORMS 

RS = 500 
RL = lkO 

LARGE SIGNAL WAVEFORMS 

RS = 500 
RL = lkO 
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Typical Performance Curves 
GAIN/PHASE VS. FREQUENCY 

Vee = ±15V, RL = 1K, RS = 5011 
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VOLTAGE GAIN vs. TEMPERATURE 
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OFFSET VOLTAGE VS. TEMPERATURE 

Vee = ±15V 
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GAIN/PHASE VS. FREQUENCY 

Vee = ±15V, RL = 50n, RS = 5011 
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Typical Performance Curves (Continued) 

MAXIMUM OUTPUT VOLTAGE vs. TEMPERATURE 

Vee = ±15V. RLOAD = loon 
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Typical Performance Curves (Continued) 

SLEW RATE vs. SUPPLY VOLTAGE GAIN ERROR vS.INPUT VOLTAGE 

1500 150 - ........ ........ vs~ ± 15V 
1400 

I'--" TA~rOC ~ ..--- 100 

'" 
....... 

.......... ~1300 

V :;- 111," .... 
W 

-' ~ 50 .. .. 
>- -r=::::: ~ / RL ~ 11K ri 1200 ". z .::::::::: 
~ 1100 / >" 0 ;.. 

I,\: "'=:::::-~ ..J / ::0 

"' ~ 1000 ·50 

900 "' l">..._tL~F· 6 8 10 12 14 16 18 -100 
VCC (± VOLTS) ,RL ~ ,100/ l'h -150 

-10 -8 -6 - 4 - 2 0 2 4 6 8 10 

INPUT VOLTAGE (VOLTS) 

Typical Applications 

OPERATION AT REDUCED SUPPLY LEVELS CAPACITIVE LOADING 

The HA-S002 can operate at supply voltage levels as low The HA-5002 will drive large capacitive loads without 
as ±5V and lower. Output swing is directly affected as well oscillation but peak current limits should not be 
as slight reductions in slew rate and bandwidth. exceeded. Following the formula I = Cdv/dt implies that 

the slew rate or the capacitive load must be controlled to 
SHORT CIRCUIT PROTECTION keep peak current below the maximum or use the current 

. limiting approach as shown. The HA-5002 can become 
The output current can be limited by using the following unstable with small capacitive loads (50pF) if certain pre-
circuit: cautions are not taken. Stability is enhanced by anyone of 

v+ V+ v- the following: a source resistance in series with the input 
RUM ~ --- = --- of 50 ohms to 1 K; increasing capacitive load to 150pF or 0--

IOUTMAX IOUTMAX 
RUM 

IOUTMAX ~ 200mA (CONTINUOUS) 
greater; decreasing CLOAD to 20pF or less; adding an 
output resistor of 10 ohms to 50 ohms; or adding feed-

IN v>-.J V2+ OUT back capacitance of 50pF or greater. Adding source resis-

v1 - v2 -
tance generally yields the best results. 

RUM 

v-

Die Characteristics 

Transistor Count ................................... 27-
Die Dimensions ....................... 80 x 81 x 19mils 

(2030 x 2050 x 480fjm) 
Substrate Potential* ................................ v-
Process .................................... Bipolar-DI 
Thermal Constants (OC/W) Bja Bjc 

HA7-5002, Ceramic Mini-DIP 123 46 
HA3-5002, Plastic DIP 80 20 
HA2-5002, Metal Can 133 40 

*The substrate may be left floating (Insulating Die Mount) or it may be 
mounted on a conductor at V- potential. 
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Features 

• Differential Phase Error ..••••.••••••••••. 0.1 Degree 
• DifferentIal GalnError •••.•.••.•...•••••.•••.. 0.1 % 
• High Slew Rate ••..•••••••...•••.••.•..••• 1300V/lls 
• Wide Bandwidth (Small Signal) ••.•.•.•••.•• 250MHz 
• Wide Power Bandwidth .••••••..•••.••• DC to 65MHz 
• Fast Rise Time .••••.••.••..•••..•••••.••••••••• 3ns 
• High Output Drive ••...•••.•••. ±8V With 100n Load 
• Wide Power Supply Range ..••......••• ±5V to ±16V 
• Replace Costly Hybrids 

Description 
The HA-5033 is a unity gain monolithic I.C. designed for 
any application requiring a fast, wideband buffer. Featuring 
a bandwidth of 250MHz and outsanding differential phase/ 
gain characteristics, this high performance voltage 
follower is an excellent choice for video circuit design. 
Other features, which include a minimum slew rate of 
1000V/lls and high output drive capability, make the 
HA-5033 applicable for line driver and high speed data 
conversion circuits. 

Pinouts 
HA3-5033 (PLASTIC MINI-DIP) 

TOP VIEW 

Schematic 

HA-5033 
Video Buffer 

Applications 

• Video Buffer 
• High Frequency Buffer 
• Isolation Buffer 
• High Speed Line Driver 
• Impedance Matching 
• Current Boosters 
• High Speed A/D Input Buffers 
• For Further Application Ideas, See App. Note 548 

The high performance of this product is a result of the Harris 
Dielectric Isolation process. A major feature of this process 
is that it produces both PNP and NPN high frequency tran­
sistors which makes wide bandwidth designs,such as the 
HA-5033, practical. Alternative process methods typically 
produce a lower AC performance. 

The HA-5033 is available in a 12 pin (TO-a) Metal Can or 
an a pin Plastic Mini-DIP. 

+v~--1--4~--T--'r---------------~--1--r--T---' 

v+ 

NC 

NC 

IN 

HA2-5033 (TO-8 METAL CAN) 
TOP VIEW 

NC 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HA-5033 

Absolute Maximum Ratings (Note 1) 

Voltage Between V+ and V- Pins .......................... 40V 
Input Voltage ................................ Equal to Supplies 
Output Current (Peak) (50ms On/1 Second Off) " ..... , ±200mA 
Internal Power Dissipation (Note 2) 

TO-8(+250C} .................................... 1.75W 
Mini-DIP (+250C) ................................. r.95W 

Maximum Junction Temperature ....................... +1750C 

Operating Temperature Ranges 
HA-5033-2 ............................ -55°C :~.T A"::' +1250C 
HA-5033-5 ............................... OOC $. T A S. + 75°C 
Storage Temperature Range ............. -650C $. TA S. +1500C 

Electrical Specifications VSUPPLY = ±12V, RS = 500, RL = 1000, CL = 10pF, Unless Otherwise Specified. 

HA-5033-2 HA-5033-5 
-550C to +1250C 00Cto+750C 

PARAMETER TEMP MIN 

INPUT CHARACTERISTICS 

Offset Voltage +250C -
Full -

Average Offset Voltage Drift Full -
Bias Current +250C -

Full -
Input Resistance +250C -
Input Capacitance +250C -
Input Noise Voltage (Note 3) +250C -

TRANSFER CHARACTERISTICS 

Voltage Gain 
RL= 1000 +250C 0.93 
RL= 1kO +250C 0.93 
RL = 1000 Full 0.92 

-3dB Bandwidth +250C -

OUTPUT CHARACTERISTICS 

Output Voltage Swing 
RL=1000 Full +8 
RL = 1 kO (Note 4) Full ±11 

Output Current +250C ±80 
Output Resistance +250C -
Full Power Bandwidth 

(Note5) +25OC -
(Note7) +250C 15.9 

TRANSIENT RESPONSE 

Rise Time (Note 6) +250C -
Propagation Delay +250C -
Overshoot +250C -
Slew Rate (Note 7) +250C 1 
Settling Time to 0.1 % +250C -
Differential Phase Error (Nole 8) +250C -
Differential Gain Error (Note 8) +25OC -

POWER SUPPLY CHARACTERISTICS 

Supply Current +250C -
Full -

Power Supply Rejection Ratio Full 54 
Harmonic Distortion (Note 9) +250C -

NOTES: 
1. Absolute maximum ratings are limiting values, applied individually 

beyond which the serviceability of the Circuit may be impaired. Func· 
tional operability under any of these conditions is not necessarily 
implied. 

2. TO-8: 9ia =1 01 0C/W, 9jC = 3Y"C/W Recommended heat sinks for 
the TO-8: Thermalloy 2240A, Bsa = 270C/W. IERC Up-TO-8-48CB. 
9sa = 100C/W. Mini-DIP: 9ja = 91 0C/W, Bsa = 400C/W. 

3. 10Hz to 1MHz 
4. ±VSUPPLY = ±15V 
5. VOUT = 1VRMS, RL = 1kO 
6. VOUT = 500mV 

TYP MAX MIN TYP MAX UNITS 

5 15 - 5 15 mV 
6 25 - 6 25 mV 

33 - - 33 - IlVJOC 
20 35 - 20 35 tJ.A 
30 50 - 30 50 tJ.A 
1.5 - - 1.5 - MO 
1.6 - - 1.6 - pF 
20 - - 20 - IlVp-p 

- - 0.93 - - VN 
0.99 - 0.93 0.99 - VN 
- - 0.92 - - VN 

250 - - 250 - MHz 

±10 - ±8 ±10 - V 
±12 - ±11 ±12 - V 

±100 - ±80 ±100 - mA 
5 - - 5 - 0 

65 - - 65 - MHz 
- - 15.9 - - MHz 

3 - - 3 - ns 
1 - - 1 - ns 

10 - - 10 - % 
1.3 - 1 1.3 - V/ns 
50 - - 50 - ns 
0.1 - - 0.1 - Degree 
0.1 - - 0.1 - % 

21 25 - 21 25 mA 
21 30 - 21 30 mA 
- - 54 - - dB 

<0.1 - - <0.1 - % 

7. ±VSUPPLY = ±15V. VOUT = ±10V, RL = 1kO. 
8. Differential gain and phase error are non-linear signal distortions found 

in video systems and are defined as follows: Differential gain error is 
defined as the change i"amplitude at the color subcarrier frequency as 
the picture signal is varied from blanking to white level. Differential 
phase error is defined as the change in the phase of the color sub carrier 
as the picture signal is varied from blanking to white level. Differential 
gain and phase error were too small to be measured with a Tektronix 
520A NTSC Vector Scope. 

9. VIN = 1VRMS 
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Operating Instructions 

Layout Considerations 

The wide bandwidth of the HA-5033 necessitates that high 
frequency circuit layout procedures be followed. Failure to 
follow these guidelines can result in marginal performance. 

Probably the most crucial of the RF/Video layout rules is the 
use of a ground plane. A ground plane provides isolation 
and minimizes distributed circuit capacitance and 
inductance which will degrade high frequency perform­
ance. This ground plane shielding can also incorporate the 
metal case of the HA-5033 since pin #2 is internally tied to 
the package. This feature allows the user to make metal to 
metal contact between the ground plane and the package, 
which extends shielding, provides additional heat sinking 
and eliminates the use of a socket, IC sockets contribute 
inter-lead capacitance which limits device bandwidth and 
should be avoided. 

For the epoxy Mini-DIP, pin 6 can be tied to either supply, 
grounded, or simply not used. But to optimize device 

Test Circuits 

SLEW RATE AND SETTLING TIME 

IN 0---1 >-t--QOUT 

-15 

SETTLING TIME 

o~:::Jr-------.,~ 

90% I 
OUTPUT I 

.!..O% _....l- I ±10mV FROM 
I I SLEW I FINAL VALUE 
H--l RATE=I 
II I V!tH I 

performance and improve isolation, it is recommended that 
this pin be grounded. 

Other considerations are proper power supply bypassing 
and keeping the input and output connections as short as 
possible which minimizes distributed capacitance and 
reduces board space. 

Power Supply Decoupling 

For optimum device performance, it is recommended that 
the positive and negative power supplies be bypassed with 
capacitors to ground. Ceramic capacitors ranging in value 
from 0.01 to 0.1 fJF will minimize high frequency variations in 
supply voltage. Solid tantalum capacitors 1 fJF or larger will 
optimize low frequency performance. 

It is also recommended that the bypass capacitors be 
connected close to the HA-5033 (preferably directly to the 
supply pins). 

TRANSIENT RESPONSE 

IN 0---1 >--.... ~:)OUT 
100n 

-12 

RISE TIME 

:=J 
ov L 

OVERSHOOT 

NOTE: Measured on both positive and negative transHions. 
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Test Circuits (Continued) 

+10V RESPONSE +10V RESPONSE 
T A = +250 C, RS = 500, RL = 1000 TA = +250 C, RS = 500, RL = lkO 

+O.5V PULSE RESPONSE 
TA = +250 C, RS = 500, RL = 1000 

Typical Performance Curves 

INPUT OFFSET VOLTAGE vs. 
TEMPERATURE vs. SUPPLY VOLTAGE 

8.0 

7.0 

A 

~ - B - c 

/ ~ ::--- ! 
0-

~ /' ----, 
~ I 

k V+ = +15V V·= ·15V_ 
/" B, V+ = +12V v- == -12V 

6.0 

5.0 

4.0 

3.0 

2.0 

C, V+= +10V V-=-10V 
1.0 0, v+ == +5V V·=·5V -

I I 
·80 -40 +40 +80 +120 +160 

TEMPERATURE (OC) 
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INPUT BIAS CURRENT vs. 
TEMPERATURE vs. SUPPLY VOLTAGE 
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Typical Performance Curves (Continued) 

SUPPLY CURRENT vs. 
TEMPERATURE VS. SUPPLY VOLTAGE 
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Typical Performance Curves (Continued) 
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Typical Performance Curves (Continued) 

OUTPUT VOLTAGE SWING VS. LOAD RESISTANCE VS. 

TOTAL HARMONIC DISTORTION VS. RMS INPUT VOLTAGE 
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HA-5033 

Typical Performance Curves (Continued) 

HA-s033 SOA, TO-8, NO SINK HA-s033, TO-8, AAVID 5792 9sa = 2soC/W 
TJ = +175,lee = 30mA, Vee = ±15, 9ia = 101 oe/W TJ = +175,lee = 30mA, Vee = ±15, 9jc = 330 e/W 
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* This curve was obtained by noting the output voltage necessary to produce an observable distortion for a given frequency. If higher distortion is accept· 
able, then a higher output voltage for a given frequency can be obtained. 
However, operating the HA-5033 with increased distortion (to the right of curve shown), will also be accompanied by an increase in supply current. The 
resulting increase in chip temperature must be considered and heat sinking will be necessary to prevent thermal runaway. 
This characteristic is the result of the output transistor operation. If the signal amplitude or signal frequency or both are increased beyond the curve shown, 
the NPN, PNP output transistors will approach a condition of being simultaneously on. Under this condition, thermal runaway can occur. 

Typical Applications (Also See Application Note 548) 

VIDEO COAXIAL LINE DRIVER - SOY SYSTEM 

POSITIVE PULSE RESPONSE 
T A = +250 e, RS = son, RM = RL = son 

Vo = VIN ( __ R_L_ ) = V. VIN 
RL + RM 

11 son 

RM 

OV 

OV 

2-121 

RG=58 

RL 
son 

-:- -:::-

NEGATIVE PULSE RESPONSE 
T A = +250 e, RS = son, RM = RL = son 

Vo = -VIN ( __ R_L_) = V. VIN 
RL +RM 

OV 

OV 

10 



HA-5033 

Typical Applications (Continued) 

VIDEO 
SIGNAL 
INPUT R1 

60n 

15n R2 

100n 

Die Characteristics 

VIDEO GAIN BLOCK 

goon 

Transistor Count ................................... 20 
Die Dimensions. . . . . . . . . . . . . . . . . . . . . .. 50 x 66 x 19mils 

(1270 x 1660 x 4801lm) 
Substrate Potential* ................................ v-
Process ..................... High Frequency Bipolar-DI 

Passivation . . . .. . . .. . .. . .. . .. . .. . .. . . . . . .. . .. .. Nitride 

*The substrate may be left floating (Insulating Die Mount) or it may be 
mountf!d on a conductor at V- potential. 
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mlHARRlS HA-5101/511,1 

Features 

• Low Noise .............•....... 3.3nVly'Hiat 1kHz 
• Wide Bandwidth ........... 10MHz (Compensated) 

100MHz (Uncompensated) 
• High Slew Rate ............. 10Vl~s (Compensated) 

50Vl~s (Uncompensated) 
• Low Offset Voltage Drift ••..•.••.••...•.••. 3~V 10C 
• High Gain ...........•...•.......•...... 1 x 106VN 
• High CMRR/PSRR ..•..••.....••.•..•.•..... 100dB 
• High Output Drive Capability. . . . . • . . . . . . . . .. 30mA 

Description 

The HA-51 01 /5111 are dielectrically isolated operational 
amplifiers featuring low noise and high performance. Both 
amplifiers have an excellent noise voltage density of 
3.5nV/yIHZ at 1 kHz. The uncompensated HA-5111 is 
stable at a minimum gain of 10 and has the same DC speci­
fications as the unity gain stable HA-51 01. The difference in 
compensation yields a 100MHz gain-bandwidth product 
and a 50V/~s slew rate for the HA-5111 versus a 10MHz 
unity gain bandwidth and a 1 OV/~s slew rate for the 
HA-5101. 

DC characteristics of the HA-51 01 /5111 assure accurate 
performance. The 1 mV offset voltage is externally adjust­
able and offset voltage drift is just 3~V/OC. An offset 
current of only 30nA reduces input current errors and an 

Pinouts 

HA2-5101/5111 (TO-99 METAL CAN) 
TOP VIEW 

V-(CASE) 

Low Noise, High Performance 
Operational Amplifiers 

Applications 

• High Quality Audio Preamplifiers 
• High Q Active Filters 
• Low Noise Function Generators 
• Low Distortion Oscillators 
• Low Noise Comparators 
• For Further Design Ideas, See App. Note 554 

open loop voltage gain of 1 x 106V N increases loop gain 
for low distortion amplification. 

The HA-5101/5111 are ideal for audio applications, espec­
ially low-level Signal amplifiers such as microphone, tape 
head and phono cartridge preamplifiers. Additionally, it is 
well suited for low distortion oscillators, low noise. function 
generators and high Q filters. 

The HA-5101/5111-2 has guaranteed operation from 
-550 C to +1250 C and can be ordered as a military grade 
part. The HA-51 01 /5111-5 has guaranteed operation from 
OOC to +750 C. All devices are available in Ceramic Mini­
DIP and TO-99 Can packages. Additionally, the HA-51 01/ 
5111-5 is available in a Plastic Mini-DIP package. 

HA3-5101/5111 (PLASTIC MINI-DIP) 
HA7-5101/5111 (CERAMIC MINI-DIP) 

TOP VIEW 

BALANCE 

-IN 

+IN 

V-

*HA-S101 No Connect 
HA-5111 Compensation 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be fOllowed. 
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Specifications HA-51 01/5111 

Operating Temperature Absolute Maximum Ratings (Note 1) 

T A = +25OC Unless Otherwise Stated HA-5101/5111-2 .......................... -550 Cto +1250 C 
Voltage Between V+ and V- Terminals ................... 40.0V HA-5101/5111-5 .............................. 00Cto+750 C 
Differential Input Voltage .....•............................ :I: 7V Storage Temperature ........................ -650C to + 1500C 
Voltage (at any pin) ............................... :l:VSUPPL Y Internal Power DisSipation .. . .. . .. . .. . . .. .. . . .. . .. .... 560mW 
Output Current ..................... Full Short Circuit Protection 
Junction Temperature ................................ +1750 C (Derate at 5.3mWfOC Above 700 C Ambient) 

Electrical Specifications v+ = +15V, V- = -15V, RS = 1000, RL = 2kO, CL = 50pF, Unless Otherwise Specified. 

HA-Sl01-2 HA-S101-S 
HA-S111-2 HA-S111-S 

-SSoC to +1250C OOCto +750 C 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +250 C - 0.5 3 - 0.5 3 mV 

Full - - 4 - - 4 mV 

Offset Voltage Drift Full - 3 - - 3 - ~VfOC 

Bias Current +250 C - 100 200 - 100 200 nA 

Full - - 325 - - 325 nA 

Offset Current +250 C - 30 75 - 30 75 nA 

Full - - 125 - - 125 nA 

Input Resistance. +250 C - 500 - - 500 - kO 

Common Mode Range Full :1:12 - - :1:12 - - VN 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 2) +250 C - l000K - - l000K - VN 

Full lOOK 250K - lOOK 250K - VN 

Common Mode Rejection Ratio (Note 3) Full 80 100 - 80 100 - dB 

Small Signal Bandwidth 

HA-5101 (AV= 1) +250 C - 10 - - 10 - MHz 

Minimum Stable Gain 

HA-5101 Full 1 - - 1 - - VN 

HA-5111 Full 10 - - 10 - - VN 

Gain Bandwidth Product HA-5111 (AV = 10) +250 C - 100 - - 100 - MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Swing 

RL=10K Full :1:12 :1:13 - :1:12 :1:13 - V 

RL=2K Full :1:12 :1:13 - :1:12 :1:13 - V 

(VPS = :1:18, RL =600) +250 C :1:15 - - :1:15 - - V 

Output Current (Note 4) +250C 25 30 - 25 30 - rnA 

Full Power Bandwidth (Note 5) 

HA-5101 +250 C 95 160 - 95 160 - kHz 

HA-5111 +250 C 630 790 - 630 790 - kHz 

Output Resistance +250 C - 110 - - 110 - 0 

Maximum Load Capacitance +250 C - 800 - - 800 - pF 
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Specifications HA-5101/5111 

Electrical Specifications (Continued) 
V+ =15V, V- = -15V, RS = 100, RL = 2K, CL = 50pF Unless Otherwise Specified. 

HA-5101-2 HA-Sl0l-S 
HA-5111-2 HA-Slll-S 

-550 C to + 1250 C OOC to +7SoC 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

TRANSIENT RESPONSE (Note 6) 

RiseTime 

HA-5101 +250 C - 50 100 - 50 100 ns 

HA-5111 +250 C - 30 60 - 30 60 ns 

Overshoot 

HA-5101 +250 C - 20 35 - 20 35 % 

HA-5111 +250 C - 20 40 - 20 40 % 

Slew Rate 

HA-5101 +250 C 6 10 - 6 10 - VII's 

HA-5111 +250 C 40 50 - 40 50 - VII's 

Settling Time (Note 7) 

HA-5101 0.01% - - 2.6 - - 2.6 - I's 

HA-5111 0.01% - - 0.5 - - 0.5 - I's 

NOISE CHARACTERISTICS (Note 8) 

Input Noise Voltage 

f=10Hz +250 C - 7 17 - 7 17 nV/yHZ 

f= 1kHz +250 C - 3.3 4.5 - 3.3 4.5 nV/yHZ 

Input Noise Current 

f=10Hz +250 C - 5.1 28 - 5.1 28 pA/yHZ 

f= 1kHz +250 C - 1.1 3 - 1.1 3 pA/yHZ 

Broadband Noise Voltage f = DC to 30kHz +250 C - 0.870 - - 0.870 - I'Vrms 

POWER SUPPLY CHARACTERISTICS 

Supply Current HA-5101 15111 Full - 4 6 - 4 6 mA 

Power Supply Rejection Ratio (Note 9) Full 80 100 - 80 100 - dB 

NOTES: 
6. Refer to Test Circuits section of the data sheet. 1. Absolute maximum ratings are limiting values, applied individually. 

beyond which the serviceability of the circuit may he impaired. Function­
al operability under any of these conditions is not necessarily implied. 

2. VOUT ~ ±1 OV, RL = 2K. 

7. Settling time is measured to 0.01 % of final value for a 10V output step, 
and AV = -10 for HA-5111 and 0.01% of final value for a 10Voutput 
step, AV ~ -1 for HA-51 01. 

3. VCM = ±1 av. 8. Sample Tested, 

4. Output current is measured with VOUT = ±15V with VSUPPLY = ±18V. 9. Delta VSUPPLY ~ ±5V. 

5. Full power bandwidth is guaranteed by equation: 
Slew Rate 

Full power bandwidth == 2nV Peak ,Vpeak = 10V. 
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HA-5101/5111 

Test Circuits 

+ 5V 

OV 

·5V 

+ 5V 

OV 

·5V 

HA-5101 LARGE SIGNAL RESPONSE CIRCUIT 

2K 

2K 
INo---"II'V'v-_--I >---_--0 OUT 

lK 

HA-5111 LARGE SIGNAL TRANSIENT RESPONSE 
Ch. 1 = 2.5V/Div. 

Timebase = 200ns/Div. 

1 \ 
1 .\ 

" 

HA-5101 LARGE SIGNAL TRANSIENT RESPONSE 
Ch. 1 = 2.5V/Div. 

Timebase = 1.00I's/Div. 

/.. ."'-
/ ~ 

/ "' 
HA-5111 LARGE AND SMALL RESPONSE CIRCUIT 

IN 0------1 
~--_1----~--oOUT 

HA-5101 SMALL SIGNAL RESPONSE CIRCUIT 

HA-5111 SMALL SIGNAL TRANSIENT RESPONSE 
Ch. 1 = 100mV/Div. 

Timebase = 100ns/Div. 

-+ 200mV 
I 

011 

·200mV 

'" 

HA-5101 SMALL SIGNAL TRANSIENT RESPONSE 
Ch. 1 = 50mV/Div. 

+ 100mV 

OV 

-100mV 

Timebase = 100ns/Div. 

F 1 
II. 

\ 
-' \ 

SETTLING TIME CIRCUIT 

+15V 

2N4416 

Sk>l. 
TO 
OSCILLOSCOPE 

>--I--<P---oVOUT 

2kn 

• AV = -1 (HA-51 01). *AV = -10 (HA-5101) 

• Feedback and summing resislors should be 0.1% matched. 

• Clipping diode. are oplional. HP5082-281 0 recommended. 
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HA-5101/5111 

Typical Characteristics 
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HA-5101/5111 

Typical Characteristics (Continued) 
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HA-5101/5111 

Typical Characteristics (Continued) 
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HA-5101/5111 

Applications Information 
OPERATION AT ±5V SUPPLY 

The HA-5101/11 performs well at Vee = ±5V exhibiting 
typical characteristics as listed below: 

ICC 3.7 rnA 

V,O 0.5 rnA 

'B'AS 56 nA 

AVOL (Vo = ±3V) 106 KVN 

VOUT 3.7 V 

lOUT 13 rnA 

CMRR (.& VCM = ±2.5V) 90 dB 

PSRR ('&VCC = 0.5V) 90 dB 

Unity Bandwidth (5101) 10 MHz 

GBW(5111) 100 MHz 

Slew Rate (5101) 7 V/~s 

Slew Rate (5111) 40 V/~s 

OFFSET ADJUSTMENT 

The following is the recommended V'C adjust configuration: 

.~ 

+15V 

7 

6 

5 

Rp=l00K 

-15V 

• Proper decoupling is always recommended, 0.1 ~F high quality capacitor 
shoutd be at or very near the devices's supply pins. 

COMPENSATION 

An external compensation capacitor can be used with the 
HA-5111 connected between pin 8 and ground (or V-, V+ 
not Recommended). A plot of gain bandwidth product vs. 
compensation capacitor has been included as a design aid. 
The capacitor should be a high frequency type mounted 
near the device leads to minimize parasitics. 

200 
.ow 

2$t , , , 
3 ".,," 

: ~ecc 
·15V 

L' 

1 

INPUT PROTECTION 

The HA-5101/11 has built-in back-to-back protection 
diodes which will limit the differential input voltage to 
approximately 7V. If the 5101/11 will be used in conditions 
where that voltage may be exceeded, then current limiting 
resistors must be used. No more than 25mA should be 
allowed to flow in the HA-51 01 /11 's input. 

COMPARATOR CIRCUIT 

RUM 2 

6 

Choose RUM Such That: (,&V,NMAX -7V) ~2RUM 
25rnA 

OUTPUT SATURATION 

When an op amp is overdriven, output devices can saturate 
and sometimes take a long time to recover. Saturation can 
be avoided (sometimes) by using circuits such as: 

+v 

-v 

~. 
1 1 W 100 

COMPENSATION CAPACITANCE (nF) 
300 If saturation cannot be avoided the HA-51 01 /11 recovers 

from a 25% overdrive in about 6.511S (see photos). 
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HA-5101/5111 

Applications Information (Continued) 

TOP: Input 
BOnOM: Output, 5V/Div., 2~s/Div. 

INPUT 

OUTPUT 

Die Characteristics 

Output is overdriven negative and recovers in 6)..15. 

Transistor Count. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 54 
Die Dimensions ....................... 69 x 69 x 19 mils 

(1800 x 1800 x 480flm) 
Substrate Potential* ......................... V- or Float 
Process .................................... Bipolar 01 
Thermal Constants (OC/W) 8ja Sjc 

HA2-5101/5111 (-2/-5/-7) 192 52 
HA2-5101/5111 (/883) 158 48 
HA3-5101/5111 (-5) 80 29 
HA7-5101/5111 (-2/-5/-7) 190 102 
HA7-5101/5111 (/883) 136 61 

*The Substrate may be left floating (Insulating Die Mount) or it may be 
mounted on a conductor al V- potential. 
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HA-5101/5111 

Schematic 

-IN +IN 

BAL BAL 
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IjHARRlS HA-51 02/04/12/14 
Low Noise High Performance 

Operational Amplifiers 

Features Applications 

• Low Noise ............................. 4.3nVJHz 
• Wide Bandwidth ............ 8MHz (Compensated) 

60MHz (Uncompensated) 
• High Slew Rate .............. 3V/J1s (Compensated) 

20V/J1s (Uncompensated) 
• Low Offset Voltage ..............•.......•.. O.SmV 
• Available in Duals or Quads 

Description 
Low noise and high performance are key words describing 
HA-51 02/04/12/14. These general purpose amplifiers offer 
an array of dynamic specifications ranging from a 3V/lls 
slew rate and 8MHz bandwidth (5102/04) to 20V/J1s slew 
rate and 60MHz gain-bandwidth-product (HA-5112/14). 
Complementing these outstanding parameters is a very low 
noise specification of 4.3nV /VHZ at 1 kHz. 

Fabricated using the Harris high frequency DI 
process, these operational amplifiers also offer excellent 
input specifications such as a 0.5mV offset voltage and 
30nA offset current. Complementing these specifications 
are 108dB open loop gain and 108dB channel separation. 
Consuming a very modest amount of power (90mW/ 
package for duals and 150mW/package for quads), 
HA-5102/04/12/14 also provide 15mA of output current. 

Pinouts 

• High Q, Active Filters 
• Audio Amplifiers 
• Instrumentation Amplifiers 
• Integrators 
• Signal Generators 
• For Further Design Ideas, See App. Note 554. 

This impressive combination of features make this series of 
amplifiers ideally suited for designs ranging from audio 
amplifiers and active filters to the most demanding signal 
conditioning and instrumentation circuits. 

These operational amplifiers are available in dual or quad 
form with industry standard pinouts allowing for immediate 
inter-changeability with most other dual and quad 
operational amplifiers. 

HA-5102 Dual, Compensated 
HA-5112 Dual, Uncompensated 
HA-5104 Quad, Compensated 
HA-5114 Quad, Uncompensated 

Each of these products are available in -2 (-550 C to 
+1250 C), -5 and -7 (OOC to +750 C), or /883 grades. Refer 
to the /883 data sheet for military product. 

HA3-5102/5112 (PLASTIC MINI-DIP) 
HA7-5102/5112 (CERAMIC MINI-DIP) 

TOP VIEW 
HA2-5102/5112 (TO-99 METAL CAN) 

TOP VIEW 

HA1-5104/5114 (CERAMIC DIP) 
HA3-51 04/5114 (PLASTIC DIP) 

TOP VIEW 

v+ 
OUT 

1 

INP~TS{ 2 

v+ 

INP~TS{ 5 

OUT 
2 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HA-5102/04/12/14 

Operating Temperature Ranges Absolute Maximum Ratings (Note 1) 

T A = +250 C Unless Otherwise Stated HA-5102/5104/5112/5114-2 ........... -55OC~TA~+1250C 
Voltage Bljtween V+ and V- Terminals .........•......... 4O.0V 
Differentia! Input Voltage •................................. ± 7V 

HA-5102/5104/5112/5114-5 .............. -OOC~TA~+75OC 
Storage Temperature Range ............ , -65OC ~T A ~ + 1500C 

Input Voljage (Note 2) ................................. ±15.0V 
Output Short Circuit Duration (Note 3) ................. Indefinite 
Power Dissipation (Note 4) . . . . . . . . . . . . . . . . . . . . . . . . . . .. 880mW 

Electrical Specifications v+ = 15V D.C., V- = -15V D.C., Unless Otherwise Specified 

HA-S102-2 HA-S104-2 HA-S102-S HA-S104-S 

HA-S112-2 HA-5114-2 HA-S112-S HA-S114-S 
-ssoC to +12SoC -ssoC to +12SoC OOCto+7S0C OOCt07Soc 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +250C - 0.5 2.0 - 0.5 2.5 - 0.5 2.0 - 0.5 2.5 mV 

Full - - 2.5 - - 3.0 - - 2.5 - - 3.0 mV 

Offset Voltage Average Drift Full - 3 - - 3 - - 3 - - 3 - pV;oC 

Bias Current ~250C - 130 200 - t30 200 - 130 200 - t30 2'00 nA 

Full - - 325 - - 325 - - 325 - - 325 nA 

Offset Current +250C - 30 75 - 30 75 - 30 75 - 30 75 nA 

Full - - 125 - - 125 - - 125 - - 125 nA 

Input Resistance +250C - 500 - - 500 - - 500 - - 500 - kO 

Common Mode Range Full ±12 - - ±12 - - ±12 - - ±12 - - V 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain +250C - 250 - - 250 - - 250 - - 250 - kVN 

(Note 5) Full 100 - - 100 - - 100 - - 100 - - kVN 

Common Mode Rejection Ratio Full 86 95 - 86 95 - 86 95 - 86 95 - dB 

(Note 6) 

Small Signal Bandwidth 

HA-51 02/51 04 (AV= 1) +250C - 8 - - 8 - - 8 - - 8 - MHz 

Gain Bandwidth Product 

HA-5112/5114 (AV = 10) +250C - 60 - 60 - - 60 - 60 - MHz 

Channel Separation (Note 7) +250C - 108 - 108 - - 108 - - 108 - dB 

OUTPUT CHARACTERISTICS 

Output Voltage Swing 

(RL = 10K) Full ±12 ±13 - ±12 ±13 - ±12 ±13 - ±12 ±13 - V 

(RL = 2K) Full ±10 ±12 - ±10 ±12 - ±10 ±12 - ±10 ±12 - V 

Output Curr!!nt (Note 8) Full ±10 ±15 - ±10 ±15 - ±10 ±15 - ±10 ±15 - mA 

Full Power Bandwidth (Note 9) 

HA-51 02/5104 +250C 16 47 - 16 47 - 16 47 - 16 47 - kHz 

HA-5112/5114 +250C 191 318 - 191 318 - 191 318 - 191 318 - kHz 

Output Resistance +250C - 110 - - 110 - - 110 - - 110 - 0 

STABILITY 

Minimum Stable Closed Loop Gain 

HA-5102/51 04 Full 1 - - 1 - - 1 - - 1 - - VN 

HA-5112/5114 Full 10 - - 10 - - 10 - - 10 - - VN 
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Specifications HA-5102/04/12/14 

Electrical Specifications (Continued) V+ =15V D.C., V- = -15V D.C., Unless Otherwise Specified 

HA-S102-2 HA-S104-2 HA-S102-S HA-S104-S 

HA-S112-2 HA-S114-2 HA-S112-S HA-S114-S 

-ssoC 10 +12So C -5S0C to +12S0 C OOClo+7SoC OOC1o +7So C 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

TRANSIENT RESPONSE (Note 10) 

Rise Time 

HA-51 02/51 04 +250C - 108 200 - 108 200 - 108 200 - 108 200 ns 

HA-5112/5114 +250C - 48 100 - 48 100 - 48 100 - 48 100 ns 

Overshoot 

HA-51 02/51 04 +250C - 20 35 - 20 35 20 35 - 20 35 % 

HA-5112/5114 +250C - 30 40 - 30 40 - 30 40 - 30 40 % 

Slew Rate 

HA-51 02/51 04 +250C ±1 ±3 - ±1 ±3 - ±1 ±3 - ±1 ±3 - V/MS 

HA-5112/5114 +250C ±12 ±20 - ±12 ±20 - ±12 ±20 - ±12 ±20 - V/MS 

Settling Time (Note 11) 

HA-51 02/51 04 +250C - 4.5 - - 4.5 - - 4.5 - - 4.5 - MS 

HA-5112/5114 +250C - 0.6 - - 0.6 - - 0.6 - - 0.6 - MS 

NOISE CHARACTERISTICS 

Input Noise Voltage (Note 1 2) 

f= 10Hz +250C - 9 17 - 9 17 - 9 17 9 17 nV/yIHz 

f=1kHz +250 C - 4.3 6.0 - 4.3 6.0 - 4.3 6.0 - 4.3 6.0 nV/yIHz 

Input Noise Current (Note 12) 

f=10Hz +250C - 5.1 12 - 5.1 12 - 5.1 12 - 5.1 12 pA/yIHz 

f= 1kHz +250C - 0.57 3 - 0.57 3 - 0.57 3 - 0.57 3 pA/ylHz 

Broadband Noise Voltage 

f = DC to 30kHz +250C - 870 - - 870 - - 870 - - 870 - nVrms 

POWER SUPPLY CHARACTERISTICS 

Supply Current 

HA-5102/5112 +250C - 3.0 5.0 - 3.0 5.0 - 3.0 5.0 - 3.0 5.0 mA 

HA-5104/5114 +250C - 5.0 6.5 - 5.0 6.5 - 5.0 6.5 - 5.0 6.5 mA 

Power Supply Rejection Ratio Full 86 100 - 86 100 - 86 100 - 86 100 - dB 
(Note 6) 

NOTES: 
1. Absolute maximum ratings are limiting values, applied individually, 

beyond which the serviceability of the Circuit may be impaired. 
Functional operability under any of these conditions is not 
necessarily implied. 

(Refer to Channel Separation vs. Frequency Curve for test circuits.) 

2. For supply voltages < ±15V, the absolute maximum input voltage is 
equal to the supply voltage. 

3. Anyone amplifier may be shorted to ground indefinitely. 

4. Derate 9.6mW/oC above TA = +250C. 

5. VOUT ~ ±1 OV, RL = 2K 

8. Output current is measured with VOUT = ±5V. 

9. Full power bandwidth is guaranteed by equation: 

Slew Rate 
Full power bandwidth = ----

2" Ypeak 

10. Refer to Test Circuits section of the data sheet. 

11. Settling time is measured to 0.1 % of final value for a 1 volt input step, 
and Ay = -10 for HA-S112/5114, and a 10 volt input step, Ay = -1 for 
HA-51 02/51 04. 

6. VCM = ±5.0V 12. Sample tesled. 
7. Channel separation value is referred to the input of the amplifier. Input 

test conditions are: f = 10kHz; YIN = 200mY peak to peak; RS = 1 kn. 
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HA-5102/04/12/14 

Test Circuits 

LARGE SIGNAL RESPONSE CIRCUIT 
Volts: SV/Div., Time: Sf1s/Div. (AV =-1) 

HA-Sl02/S104 
2K 

2K j 
IN o-.lVlA ...... --1 

"l 
H-tlI++-'H-+-\*--H ov 

SMALL SIGNAL RESPONSE CIRCUIT 
Volts: 40mV/Div., Time: SOns/Div. (AV = +1) 

HA-Sl 02/51 04 

IN(),O---j:>_+ 

I .,. ) !'f~' 
OUTPUT h 
I 

INPUT -" 
I 

I I 
I 

ov IL 

LARGE AND SMALL SIGNAL RESPONSE CIRCUIT 
HA-SI12/S114 (AV = +10) 

IN o-----:=t ...... +:')..--..,---t_-<> OUT 

~'--------;'.8'[2 +50PF 

200[2 ~ 

II 
OUTPUT B 

INPUT A f-+-+--+-+---'I'--f-+-++_I 

f---1-11-+--+-+-+--+--++-+-+------1 OV 
I \ 

OUTPUTBf-~+--+-+~'--f-+4~+_I 

INPUT 11\ 
A t-U++--+-+--+-+-fI+11 It-+-

II OV 
\.V 

Volts: Input A: O.SV/Div., Output B: SV/Div. Volts: Input A: O.OW/Div., Output B: SOmV/Div. 
Time: SOns/Div. Time: SOns/Div. 

SETTLING TIME CIRCUIT 

... 
1 :. 
·Skn ' ...... 
500n 

+15V 

2N4416 
TO 

Skn -f-,--O~SCILLOSCOPE 
~ 2kn 

~ 
VIN O--...... -...J~V2kV:_IrlIO---Ib1::)lv-+-+-50-OPFVOUT 

~ • AV=-1 (HA-S102/5104),'AV=-10(HA-5112/5114) 
2kn • Feedback and summing resistors should be 0.1 % matched . 

• Clipping diodes are optional, HP5082-2810 recommended. 
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HA-5102/04/12/14 

Typical Performance Curves 

INPUT NOISE VOLTAGE DENSITY 
Vee = ±1 5V, T A = +250 e 

15 r-------------,-------------, 

~,0 ~--~~------+-------------4 
~ 

10 100 

FREOUENCY (Hz) 

O.lHz TO 10Hz NOISE 
Vee = ±15V, T A = +250e 

50!'V/Div., ls/Div., AV = 1000 VN 
Input Noise = 0.232!,Vp-p 

VIO VS. TEMPERATURE 
Vee = ±15V 

IK 

> 1.lI-I-IIII-I-I-IIII-I-I-II~-I-I1 i 1.' 

~ 
> 

~ 
~ 

~O':mmmRE 
-60 -40 -20 20 40 60 80 100 120 

TEMPERATURE (OC) 

10 

0.1 
10 
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INPUT NOISE CURRENT DENSITY 
Vee = ±15V, T A = +250 e 

....... 

100 

FREOUENCY (Hz) 

O.lHz TO 1MHz NOISE 
Vee = ±15V, TA = +250 e 

500!'V/Div., ls/Div., AV = 1000 VN 
Total Output Noise = 2.075!,Vp-p 

VIO VS. Vee 
TA = +250e 

1000 

I 
r 

i 
I 

10 12 14 16 18 

SUPPLVVOLTAGE (:tV) 



HA-5102/04/12/14 

Typical Performance (Continued) 

'2 -2 
.s -4 

~ -6 
.. -8 
a-tO 

~-12 
:t -14 

~ -16 
~-18 
!:-20 

-22 

-24 

-26 

t-.. 

110 VS. TEMPERATURE 
Vee = ±15V 

..... 

-60 -40 -20 20 40 &0 80 100 120 
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ICC VS. TEMPERATURE 
Vee = ±15V, lOUT = 0 

;;: 4 
g ... 
z 
w 

H-,...-~ 

~ 
>-

~ 2 

;: 
:= 1 

o 
-60 -40 -20 20 40 60 80 100 120 

TEMPERATURE (DC) 

AVOLVS.TEMPERATURE 
Vee = ±15V, avo = ±10V, RL = 2K 

~~ _ ...... ~f- ...... ~ 
..... f-'" 

.......... ......... 
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-60 -40 -20 20 40 60 80 100 120 

TEMPERATURE (OC) 
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TEMPERATURE lOCI 

ICC VS. Vcc 
T A = +250 e, lOUT = 0 

I 
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SUPPLY VOLTAGE I!VI 

AVOL VS. LOAD RESISTANCE 
Va = ±10V, Vee = ±15V, TA = +250 e 
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HA-5102/04/12/14 

Typical Performance (Continued) 

290 
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~ ~:~ 
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TA = +250e. RL = 2K 

, 

./ 
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OUTPUT SHORT-CIRCUIT CURRENT VS. TIME 
Vee = ±15V. TA = +250 e 
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HA-5102/04/12/14 

Typical Performance (Continued) 

HA-5104/02 UNITY ~AIN FREQUENCY RESPONSE 
VCC = ±15V, RL = 2K, CL = 50pF 
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SLEW RATE VS. TEMPERATURE 
RL = 2K, CL = 50pF, Vee = ±15V 
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HA-5112/14 FREQUENCY RESPONSE 
AVCL = 10, T A = +250C, RL = 2K, CL = 50pF 
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SMALL SIGNAL OVERSHOOT vs. CLOAD 
VCC = ±15V, TA = +250 C, RL = 2K 

100 1K 
LOAD CAPACITANCE (pF) 

RISE TIME vs. TEMPERATURE 
RL = 2K, CL = 50pF, Vec = ±15V 
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HA-5102/04/12/14 

Simplified Schematic 
+V c-

1~I~i1 
- 1 I 

h) +1f~ 
.J I nJl1- i It~ 

+INPUT 

Die Characteristics 

Transistor Count 

HA-5102/5112 .................................. 93 

HA-51 04/5114 ................................. 175 

Die Dimensions 

HA-51 02/5112 .................... 98.4 x 67.3 x 19 mils 
(2500 x 1710 x 480fjm) 

HA-51 04/5114 .................... 99.6 x 95.3 x 19 mils 
(2530 x 2420 x 480fjm) 

Substrate Potential* ................................ v-
Process .................................... Bipolar-DI 

Passivation .................................... Nitride 

*The substrate may be left floating (Insulating Die Mount) or it may be 
mounted on a conductor at V- potential. 

-INPUT 

Thermal Constants (oC/W) 

HA1-5104 (-2, -5, -7) 

HA 1 -5104 (/883) 

HA2-5102/5112 (-2, -5, -7) 

HA2-51 02/5112 (/883) 

HA3-5102/5112 (-5) 

HA3-51 04/5114 (-5) 

HA7-5102/5112 (-2, -5, -7) 

HA7-51 02/5112 (/883) 
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Features 

• High Speed ............................................................ 10V//ls 

• Wide Unity Gain Bandwidth ........•.................... 8.5MHz 

• Low Noise ..........................•................ 3nv/y'tiz at 1KHz 

• Low VOS ................................................................... 10/lV 

• High CMRR ............................................................. 126dB 

• High Gain ......................................................... 1800V/mV 

Description 

The HA-5127 monolithic operational amplifier features an 
unparalleled combination of precision DC and wideband 
high speed characteristics. Utilizing the Harris D. I. tech­
nology and advanced processing techniques, this unique 
design unites low noise (3nV/.[RZ) precision instrumen­
tation performance with high speed (10V//JS) wideband 
capability. 

This amplifier's impressive list of features include low 
VOS(1 0IlV), wide unity gain-bandwidth (8.5MHz), high open 
loop gain (1800V/mV). and high CMRR (126 dB). 
Additionally, this flexible device operates over a wide 
supply range (±5V to ±20V) while consuming only 
140mW of power. 

Pinouts Schematic 
TOP VIEWS 

HA-5127 

Applications 

Ultra-Low Noise Precision 
Operational Amplifier 

• High Speed Signal Conditioners 

• Wide Bandwidth Instrumentation Amplifiers 

• Low Level Transducer Amplifiers 

• Fast, Low Level Voltage Comparators 

• Highest Quality Audio Preamplifiers 

• Pulse/RF Amplifiers 

Using the HA-5127 allows designers to minimize errors 
while maximizing speed and bandwidth. 

This device is ideally suited for low level transducer signal 
amplifier circuits. Other applications which can utilize the 
HA-5127's qualities include instrumentation amplifiers, 
pulse amplifiers, audio preamplifiers, and signal condi­
tioning circuits. 

This device can easily be used as a design enhancement 
by directly replacing the 725, OP25, OP06, OP07, OP27 
and OP37. The HA-5127 is available in TO-99 Metal Can 
and Ceramic 8 pin Mini-DIPs. For the military grade pro­
duct, refer to the HA-5127/883 data sheet. 

HA2-5127 (TO-99 METAL CAN) 

BAL ~ cp---m,,,, -orr 
'" It" :cJ ." L. ." m ." 

=, m, - - - -- u . 

4 

v- (CASE) 

HA7-5127 (CERAMIC MINI-DIP) 
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~~'~~~ - 00" 
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CAUTION: These devices are sensitive to electrostatic discharge. Proper I.e. handling procedures should be followed. 
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Specifications HA-5127 

Operating Temperature Ranges Absolute Maximum Ratings (Note 1) 

T A = +250 C Unless Otherwise Stated HA-5127 127 A-2 .............................. -550 C ::; T A ::; +1250 C 
Voltage Between V+ and V- Terminals .................... ±22V HA-5127 127 A-5 .................................... ooc ::; TA ::; +750 C 
Differential Input Voltage (Note 2) .......................... ±O.7V Storage Temperature Range ....... -650 C::; TA::; +150o C 
Internal Power Dissipation ...................................... 500mW 
Output Curren!.. ................... Full Short Circuit Protection 

Electrical Specifications V+ = 15V, V- = -15V, CL::; 50pF, RS ::; loon 

HA-5127A HA-5127 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +250 C 10 25 30 100 /lV 
Full 30 60 70 300 /lV 

Average Offset Voltage Drift Full 0.2 0.6 0.4 1.B /lV/OC 
Bias Current +250 C ±10 ±40 ±15 ±BO nA 

Full ±20 ±60 ±35 ±150 nA 
Offset Current +25 0 C 7 35 12 75 nA 

Full 15 50 30 135 nA 
Common Mode Range Full ±10.3 ±11.5 ±10.3 ±11.5 V 
Differential Input Resistance (Note 3) +250 C 1.5 6 O.B 4 Mn 
Input Noise Voltage O.lHz to 10Hz (Note 4) +250 C O.OB .18 0.09 0.25 /lVp-p 
Input Noise Voltage Density (Note 5) +250 C nV/VHZ 

fO = 10 Hz 3.5 5.5 3.B B.O 
fO = 30 Hz 3.1 4.5 3.3 5.6 
fO = 1000 Hz 3.0 3.8 3.2 4.5 

I nput Noise Current Density (Note 5) +250 C pA/JHz 
fO = 10 Hz 1.7 4.0 1.7 
fO = 30 Hz 1.0 2.3 1.0 
fO = 1000 Hz 0.4 0.6 0.4 0.6 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 6) +250 C 1000 lBOO 700 1500 Vim V 
Full 600 1200 300 BOO V/mV 

Common Mode Rejection Ratio (Note 7) Full 114 126 100 120 dB 
Minimum Stable Gain +250 C 1 1 V/v 
Unity-Gain-Bandwidth +250 C 5 8.5 5 8.5 MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Swing RL = 600n +250 C ±10.0 ±11.5 ±10.0 ±11.5 V 
RL = 2Kn Full ±11.7 ±13.B ±11.4 ±13.5 V 

Full Power Bandwidth (Note B) +250 C 111 160 111 160 KHz 
Output Resistance, Open Loop +250 C 70 70 n 

TRANSIENT RESPONSE (Note 9) 

Rise Time +250 C 150 150 ns 
Slew Rate (Note 11) +250 C 7 10 7 10 V//ls 
Settling Time (Note 10) +250 C 1.5 1.5 /ls 
Overshoot +250 C 20 40 20 40 % 

POWER SUPPLY CHARACTERISTICS 

Supply Current +250 C 3.5 3.5 mA 
Full 4.0 4.0 mA 

Power Supply Rejection Ratio (Note 12) Full 2 4 16 51 /lV/V 
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HA-5127 

NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, 
beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is lJot necessarily 
implied. 

2. For differential input voltages greater than O.7V, the input current must 
be limited to 25mA to protect the back-ta-back input diodes. 

3. This parameter value is based upon design calculations. 

4. Refer to Typical Performance section of the data sheet. 

5. Sample tested. 

6. VOUT 0 ±10V, RL 0 2Kll 

7. VCM 0 ±10V 

8. Full power bandwidth guaranteed based on slew rate measurement 

Slew Rate using: FPBW' ___ _ 

21T VpEAK 

9. Refer to Test Circuits section of the data sheet. 

10. Settling time is specified to 0.1 % of final value fora 10Voutput step and 
Avo -1. 

11. VOUT 0 10V Step 

12. Vs 0 ±4V to ±18V 

Typical Performance Curves Unless Otherwise Specified: TA = +250 C, VSUPPLY = ±15V 

1: 

OFFSET VOLTAGE 
TYPICAL DRIFT VS. TEMPERATURE 
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NOISE CHARACTERISTICS 
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Typical Performance Curves Unless Otherwise Specified: T A = +250 C, VSUPPLY = ±15V 

PSRR VS. FREQUENCY 
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NORMALIZED SLEW RATE vs. TEMPERATURE 
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Typical Performance Curves Unless Otherwise Specified: T A = +250 C, VSUPPL Y = ±15V 
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SUGGESTED OFFSET VOLTAGE 
ADJUSTMENT 

Tested Offset Adjustment Range is I Vas +1 mV I minimum 
referred to output. Typical range is ±4mV with RT == 10kfl. 

LARGE AND SMALL SIGNAL RESPONSE 
TEST CIRCUIT 

LARGE SIGNAL RESPONSE 

Vertical Scale: (Volts: Input = O.5V/Div.) 
(Output = 5V/Div.) 

Horizontal Scale: (Time = 1 ~S/Div.) 

OUT 
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SMALL SIGNAL RESPONSE 

Vertical Scale: (Volts: 100mV/Div.) 
Horizontal Scale: (200nS/Div.) 
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Typical Performance Curves Unless Otherwise Specified: T A" +250 C, VSUPPLY " ±15V 

SETTLING TIME TEST CIRCUIT 

TO 
1-4-_--0 OSCILLOSCOPE 

5Kn 

>-+ ..... ---IOVOUT 

2Kn 

2Kn 

SUGGESTED STABILITY CIRCUITS 

• Av =-1 
• Feedback and summing resistors 

should be 0.1 % matched. 

• Clipping diodes are optional. 
HP5082-2810 recommended. 

Low resistances are preferred for tow noise applications as a 1K!l resistor has 4nV/..jHz of thermal noise. Total 
resistances of greater than 10K!} on either input can reduce stability. In most high resistance applications, a few 

picofarads of capacitance across the feedback resistor will improve stability. 

O.1Hz TO 10Hz NOISE WITH ACL = 25,OOOV/v 

Horizontal Scale = 1sec/Div. 

Vertical Scale = O.002/N IDiv. 
O.OBJNp-p 
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Die Characteristics 

HA-5127 

Transistor Count ................................... 63 
Die Dimensions ..................... 65 x 1 04.3 x 19mils 

(1700 x 2600 x 480llm) 
Substrate Potential* ................................ v-
Process .................................... Bipolar-DI 
Thermal Constants (OC/W) 9ja 9jc 

HA7-5127,CeramicMini-DIP 160 79 
HA2-5127, TO-99 Metal Can 172 48 

*The substrate may be left floating (Insulating Die Mount) or it may be 
mounted on a conductor at V- potential. 

2-148 



mHARRIS 

Features 
• Low Offset Voltage ........................... lOIlV 
• Low Offset Voltage Drift ..•...••..•..••.•• O.41lV/OC 
• Low Noise •.....•...••..•..•••.•......•.. 9nV/y'Hi 
• Open Loop Gain .••.......................... l40dB 
• Unity Gain Bandwidth .........•......•..... 2.5MHz 
• All Bipolar Construction 

Description 
The Harris HA-5130/5135 are precision operational 
amplifiers manufactured using a combination of key 
technological advancements to provide outstanding input 
characteristics. 

A Super Beta input stage is combined with laser trimming, 
dielectric isolation and matching techniques to produce 
251lV (Maximum) input offset voltage and O.4IlV/OC input 
offset voltage average drift. Other features enhanced by this 
process include 9nV /JRZ (Typ.) Input Noise Voltage, 1 nA 
Input Bias Current and 140dB Open Loop Gain. 

These features coupled with 120dB CMRR and PSRR 
make HA-5130/5135 an ideal device for precision DC 

Pinouts 
HA7-5130/5135 (CERAMIC MINI-DIP) 

TOP VIEW 

HA2-5130/5135 (TO-99 METAL CAN) 
TOP VIEW 

BAL 1 

v-

(Both SAL 1 Pins are Internally Connected) 

Schematic 

HA-5130/35 
Precision Operational Amplifier 

Applications 
• High Gain Instrumentation 
• Precision Data Acquisition 
• Precision Integrators 
• Biomedical Amplifiers 
• Precision Threshold Detectors 

instrumentation amplifiers. Excellent input characteristics in 
conjunction with 2.5MHz bandwidth and O.8V/IlS slew rate, 
makes this amplifier extremely useful for precision 
integrator and biomedical amplifier designs. These 
amplifiers are also well suited for precision data acquisition 
and for accurate threshold detector applications. 

HA-5130/5135 is packaged in an 8 pin (TO-99) Metal Can 
and an 8 lead Cerdip and is pin compatible with many 
existing op amp configurations. It offers added features 
over the industry standard OP-07 in regards to bandwidth 
and slew rate specifications. For the military grade 
product, refer to the HA-5135/883 data sheet. 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be fOllowed. 
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HA-5130/35 

Absolute Maximum Ratings (Note 1) 

T A = +250 C Unless Otherwise Stated 
Voltage Between V+ and V- Terminals ..................... 40.0V 
Differential Input Voltage ........................................ ±15.0V 
Output Short Circuit Duration ............................ Indefinite 
Power Dissipation (Note 2) ..................................... 300mW 

Electrical Specifications V+ = +15V, V- = -15V 

Operating Temperature Ranges 
HA-5130/5135-2 .............................. -550 C:s TA :s +1250 C 
HA-5130/5135-5 ................................... OoC :s T A :s +750 C 
Storage Temperature Range ........ -650 C:s TA :s +150oC 

HA-S130-2/ -5 HA-S13S-2/-S 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +250C 10 25 10 75 IN 
Full 50 60 50 130 /lV 

Average Offset Voltage Drift Full 0.4 0.6 0.4 1.3 /lV/OC 
Bias Current +250C ±1 ±2 ±1 ±4 nA 

Full ±4 ±6 nA 
Bias Current Average Drift Full 0.02 0.04 0.02 0.04 nA/oC 
Offset Current +250C 2 4 nA 

Full 4 5.5 nA 
Offset Current Average Drift Full 0.02 0.04 0.02 0.04 nA/oC 
Common Mode Range Full ±12 ±12 V 
Differential Input Resistance +250C 20 30 20 30 Mil 
Input Noise Voltage 0.1Hz to 10Hz (Note 3) +250C 0.6 0.6 /lV~ 
I nput Noise Voltage Density (Note 3) +250C nV/ Hz 

fo = 10Hz 13.0 18.0 13.0 18.0 
fO = 100Hz 10.0 13.0 10.0 13.0 
fO = 1000Hz 9.0 11.0 9.0 11.0 

Input Noise Current 0.1Hz to 10Hz (Note 3) +250C 15 30 15 30 PAVfu' 
Input Noise Current Density (Note 3) +250C pAl z 

fO = 10Hz 0.4 0.8 0.4 0.8 
fO = 100Hz 0.17 0.23 0.17 0.23 
fO = 1000Hz 0.14 0.17 0.14 0.17 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 4) +250C 120 140 120 140 dB 
Full 120 120 dB 

Common Mode Rejection Ratio (Note 5) Full 110 120 106 120 dB 
Closed Loop Bandwidth (AVCL = +1) +250C 0.6 2.5 0.6 2.5 MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 6) +250C ±10 ±12 ±10 ±12 V 
Full ±10 ±10 V 

Full Power Bandwidth (Note 7) +250C 8 10 8 10 kHz 
Output Current (Note 8) +250C ±15 ±20 ±15 ±20 mA 
Output Resistance (Note 8) +250C 45 45 n 
TRANSIENT RESPONSE (Note 10) 

Rise Time +250C 340 340 ns 
Slew Rate +250C 0.5 0.8 0.5 0.8 V/J1S 
Settling Time (Note 11) +250C 11 11 /lS 

POWER SUPPLY CHARACTERISTICS 

Supply Current Full 1.0 1.3 1.0 1.7 mA 
Power Supply Rejection Ratio (Note 12) Full 100 130 94 130 dB 

NOTES: 
1. Absolute maximum ratings are limiting values, applied individually 6. RL = 600n 

beyond which the serviceability of the circuit may be impaired. 7. RL = 2K; Full power bandwidth guaranteed based on slew rate 
Funtional operability under any of these conditions is not necessarily SLEW RATE 
implied. measurement using FPBW = 

2rr VpEAK 
2. Derate at 6.8mW;DC for operation at ambient temperatures 

8. VOUT = 10V above + 75°C. 
3. Not tested. 90% of units meet or exceed these specifications. 

9. Output resistance measured under open loop conditions (I" 100Hz). 

4. VOUT = ±10V; RL = 2K. Gain dB = 20 10910 Av 
10. Refer to test circuits section of the data sheet. 

:. 120dB" 1MVN 11. Settling time is measured to 0.1% of final value for a 10V output step 

140dB = 10MVN and AV = -1. 

5. VCM = :\:10V DC 12. VSUPPL Y " ±5V DC to ±20V DC. 
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Test Circuits 
SLEW RATE AND TRANSIENT RESPONSE TEST CIRCUIT 

INPUT 

OUTPUT 

SMALL SIGNAL RESPONSE 

Vertical Scale: (Volts: 50mV IOiv. Output) 
(Volts: 100mV/Oiv. Input) 

Horizontal Scale: (Time: 1/ls/0iv.) 

\ 
\ 

" 

J 

ov 

INPUT 

ov OUTPUT 

SETTLING TIME CIRCUIT 

TO 
I-..... -~:> OSCILLOSCOPE 

100pF 

2kn 

2-151 

LARGE SIGNAL RESPONSE 

Vertical Scale: (Volts: 5V/Oiv.) 
Horizontal Scale: (Time: 5/ls/0iv.) 

V 
:/ I' 

" t'.... 

• Av =-1 
• Feedback and summing resistors 

should be 0.1 % matched. 

• Clipping diodes are optional. 
HP5082-2810 recommended. 

ov 

ov 
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Performance Curves 
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HA-5130/35 

Performance Curves (Continued) 

CLOSED LOOP FREQUENCY RESPONSE 
FOR VARIOUS CLOSED LOOP GAINS 
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HA-5130/35 

Performance Curves (Continued) 
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Applying the HA-5130/35 Operational Amplifiers 

1. POWER SUPPLY DECOUPLlNG: Although not abso- 3. When d riving large capacitive loads (> 500pF), as small 
lutely necessary, it is recommended that all power value resistor (= 500) should be connected in series 
supply lines be decoupled with 0.01tJF ceramic with the output and inside the feedback loop. 
capacitors to ground. Decoupling capacitors should 
be located as near to the amplifier terminals as 4. OFFSET VOLTAGE ADJUSTMENT: A 20kn balance 
possible. potentiometer is recommended if offset nulling is 

2. CONSIDERATIONS FOR PROTOTYPING: The fol-
required. However, other potentiometer values such as 

lowing list of recommendations are suggested for 
10kn, 50kO and 100kn may be used. The minimum 

prototyping. 
adjustment range for given values is ±2mV. 

• Resolving low level signals requires minimizing 5. SATURATION RECOVER: Input and output saturation 
leakage currents caused by external circuitry. Use of recovery time is negligible in most applications. 
quality insulating materials, thorough cleaning of in- However, care should be exercised to avoid exceeding 
sulating surfaces and implementation of moisture the absolute maximum ratings of the device. 
barriers when required is suggested. 

• Error voltages generated by theromocouples formed 6. DIFFERENTIAL INPUT VOLTAGES: Inputs are shunted 

between dissimilar metals in the presence of temper- with back-to-back diodes for overvoltage protection. 

ature gradients should be minimized. Isolation of In applications where differential input voltages in 

low level circuity from heat generating components excess of 1V are applied between the inputs, the use of 

is recommended. limiting resistors at the inputs is recommended. 

• Shielded cable input leads, guard rings and shield 
drivers are recommended for the most critical appli-
cations. 
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Applications 

OFFSET NULLING CONNECTIONS 

v+ 

---.., 
I 
I 
I 
I 
I 
I OPTIONAL 

I CONNECTION 
I 
I 
I 
I __ J 

* Although Rp IS shown equal to 20K, other values such as SDK, 100K and 
1M may be used. Range of adjustment is approximately ±2.SmV. Vas 
TC of the amplifier is optimized at minimal Vas. 
Tested Offset Adjustment is I Vas + 1mV I minimum referred to output. 

PRECISION INTEGRATOR 

C 

R 
OUT 

The excellent Inputs and gain characteristics of HA-S130 are well sUited 
for precision Integrator applications. Accurate Integration over seven 
decades of frequency USing HA-5130, virtually nullifies the need for more 
expensive chopper-type amplifiers. 

ZERO CROSSING DETECTOR 

OUTPUT 
:':.13V 

200/J,/DIV 

INPUT 
±"5mV 

200/J,/DIV. 

.I. 
J 

\ 
,~ 

1 

.. '--

I 
I, J 
I' 

I 

Low Vas coupled with high open loop Gain, high CMRR and high PSRR 
make HA-5130 Ideally suited for precision detector applications 

INPUT 

I 
RIN I 

o-NI/'-; 
I 
I _ I 
I RF I 
r -- - - -v'vV'- - - ---l 
I I 
1 1 
I 1 
I I 

* Optional for Output 
SWing Limiting 

PRECISION INSTRUMENTATION AMPLIFIER (AV = 100) 

2K 

2K 

2K 2K 
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Features 

• Low Offset Voltage .........................•.............•. Max 200JN 

• Low Offset Voltage Drift ............................. Max 2f.1V/OC 

• Offset Voltage Match (5134A) ... Full Temp. Max 250f.1V 

• High Channel Separation ...................................... 120dB 

• Low Noise ......................................................... 7nV/y'HZ 

• Wide Unity Gain Bandwidth .....................•........... 4MHz 

• High CMRR/PSRR (Typ) ....................................... 120dB 

• Dielectric Isolation 

Description 
The HA-5134 is a precision quad operational amplifier 
that is pin compatible with the OP-400, LT1014, OP11, 
RM4156, and LM148 as well as the HA-4741. Each 
amplifier features guaranteed maximum values for offset 
voltage of 200/1V, offset voltage drift of 2/1V 10C, and offset 
current of 75nA over the full military temperature range 
while CMRR/PSRR is guaranteed greater than 94dB 
and AVOL is guaranteed above 750kV/v from -550 C to 
+1250 C. 

Precision performance of the HA-5134 is enhanced by a 
noise voltage density of 7nV/.jHZat 1 kHz, noise current 
density of 2pAI JHZ at 1 kHz and channel separation of 
120dB. Each unity-gain stable quad amplifier is fabricated 

HA-5134 

Applications 

Precision Quad 
Operational Amplifier 

• Instrumentation Amplifiers 

• State-Variable Filters 

• Precision Integrators 

• Threshold Detectors 

• Precision Data Acquisition Systems 

• Low-Level Transducer Amplifiers 

using the dielectric isolation process to assure perfor­
mance in the most demanding applications. 

The HA-5134 is ideal for compact circuits such as instru­
mentation amplifiers, state-variable filters, and low-level 
transducer amplifiers. Other applications include preci­
sion data acquisition, precision integrators, and accurate 
threshold detectors in designs where board space is a 
limitation. 

The HA-5134-2 has guaranteed operation from -550 C to 
+1250 C and can be ordered as a military grade part. The 
HA-S134-S is guaranteed from aoc to +7SoC and all 
devices are available in ceramic dual-in-line packages. 
For military grade product, refer to the HA-S134/883 Data 
Sheet. 

Pinout Schematic (Each Amplifier) 

OUT 
1 

INPUTS 
1 

v+ 

INPUTS 
2 

OUT 
2 

HA1-5134 (CERAMIC DIP) 

TOP VIEW 

OUT 
4 

INPUTS 
4 

v-

INPUTS 
3 

OUT 
3 

CAUTION: Electronic devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Absolute Maximum Ratings (Note 1) 

T A = +250 C Unless Otherwise Stated 
Voltage Between V+ and V- Terminals ........................... 40.0V 
Differential Input Voltage (Note 2) ................................ ±6.0V 
Internal Power Dissipation (Note 3) ............................ 800mW 
Output Current .......................... Full Short Circuit Protection 
Voltage at any Op Amp Terminal .................................. V+, V-
Maximum Junction Temperature ................................. +1750 C 

Operating Temperature Ranges 
HA-5134A15134-2 ................................. -550C :S TA:S +1250C 
HA-5134A/5134-5 ...................................... OOC :S TA :S +750C 
Storage Temperature Range .............. -650C :S T A :S +1500C 

Electrical Specifications vcc = ±15V, RLOAD = 2K, CLOAD = 50pF, Rs:S 100n Unless Otherwise Specified 

HA-5134A-2/-5 HA-5134-2/ -5 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +250 C 50 100 50 200 IN 
Full 75 250 75 350 IN 

Average Offset Voltage Drift Full 0.3 1.2 0.3 2 JNloC 
Offset Voltage Match Full 250 /lV 
Bias Current +250 C ±10 ±25 ±10 ±50 nA 

Full ±20 ±50 ±20 ±75 nA 
Offset Current +250 C 10 25 10 50 nA 

Full 15 50 15 75 nA 
Average Offset Current Drift Full 0.05 0.05 nA/oC 
Common Mode Range Full ±10 ±10 V 
Differential Input Resistance +250 C 30 30 Mn 
Input Noise Voltage (0.1Hz to 10Hz) +250 C 0.2 0.2 JNp-p 
Input Noise Voltage Density +250 C nV/¥'Hz" 

fO = 10Hz 10 10 
fO = 100Hz 7.5 7.5 
fO = 1kHz 7 7 

Input Noise Current Density +250 C pA/.j"HZ 
fO = 10Hz 3 3 
fO = 100Hz 1.5 1.5 
10 = 1 kHz 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain +250 C 1500 3000 1200 3000 V/mV 
(VOUT = ±10V) Full 1000 2000 750 2000 V/mV 
Common Mode Rejection Ratio +250 C 115 120 100 120 dB 
(VCM = ±10V) Full 110 115 94 115 dB 
Minimum Stable Gain +250 C 1 VN 
Unity-Gain Bandwidth +250 C 4 4 MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Swing Full 12 13.5 12 13.5 V 
Output Current +250 C 20 20 mA 
Full Power Bandwidth (Note 4) +250 C 12 16 12 16 kHz 
Channel Separation (VOUT = ±10V) +250 C 120 136 120 136 dB 

TRANSIENT RESPONSE (Note 5) 

Rise Time (Note 6) +250 C 200 400 200 400 ns 
Slew Rate +250 C 0.75 1.0 0.75 1.0 V/~ 
Overshoot +250 C 20 40 20 40 % 
Settling Time (Note 7) +250 C 13 13 ~ 

POWER SUPPLY CHARACTERISTICS 

Supply Current (All Amps) Full 6.5 8 6.5 8 mA 
Power Supply Rejection Ratio (Note 8) +250 C 110 120 100 120 dB 

Full 100 115 94 115 dB 

NOTES: 
1. Absolute maximum ratings are limiting values, applied individually 4. Full power bandwidth guaranteed based on slew rate measurement 

beyond which the serviceability of the circuit may be impaired. SLEW RATE 
Functional operability under any of these conditions is not necessarily using FPBW = 

2"VPEAK 
; Vpeak = 10V 

implied. 5. Refer to Test Circuits section of the data sheet. 
2. For differential input voltages greater than 6V, the input current must 

6. Time from 10% to 90% of 200mV output step, AV = 1. 
be limited to 25mA to protect the back-to-back input diodes. 

3. Derate at lOmW/oC for ambient temperatures greater than +950 C. 7. Specified to 0.01% of a 10V step, AV = -1. 
B. Vs = ±5V to ±lBV. 
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HA-5134 

Test Circuits 
SLEW RAT!" AND TRANSIENT RESPONSE TEST CIRCUIT 

IN ~.9-----f 

SMALL SIGNAL RESPONSE 

Vertical: 20mV/Div, 
Horizontal: 1/.1s/Div, 
T A = +250 e, Vee = ±15V 
AV = +1, RL = 2K, eL = 50pF 

SETTLING TIME CIRCUIT 

2kSl. 

t-.... __ o TO 
OSCILLOSCOPE 

• AV =-1 

• Feedback and summing resistors 
should be 0.1% matched. 

• Clipping diodes are optional. 
HP5082-2810 recommended. 
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LARGE SIGNAL RESPONSE 

Vertical: 2V /Div, 
Horizontal: 5ps/Div, 
TA = +250e, Vee = ±15V 
AV = +1, RL = 2K, eL = 50pF 

PEAK-TO-PEAK NOISE O,lHz TO 10Hz 
TA = +250 e, Vee = ±15V, AV = 1000 

enp_p = 0.167JlVp_p 
0.05pV/Div., 1s/Div. 



Performance Curves 

VIO WARMUP DRIFT 

T A = +250 e, Vee = ±15V 
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INPUT OFFSET VOLTAGE vs. TEMPERATURE 
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Performance Curves (Continued) 

CMRR VS. FREQUENCY 
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Performance Curves (Continued) 

OVERSHOOT VS. CLOAD 
Vee = ±15V, TA = +250e, Av = 1, VOUT = 200mV 
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LOAD CAPACITANCE ("F) 

Applications Information 
SMALL SIGNAL TRANSIENT RESPONSE 

CLOAD = 1nF 

TA = +250 e, Vee = ±15V, 
Av=1,RL=10K 
20mV/Div, 1/is/Div. 

HA-5134 

120 
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OPEN LOOP GAIN & PHASE VS. FREQUENCY 
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TRANSIENT RESPONSE OF APPLICATION 
CIRCUIT #1 

VOUT = ±10V, RLOAD = 50!! 
eLOAD = O.Q1/iF, AV = 3, Vee = ±15V 
Top: Input, 2V/Div., 20/is/Div 
Bottom: Output, 5V/Div, 20J.ls/Div. 

APPLICATION CIRCUIT #1: 
INSTRUMENTATION AMPLIFIER WITH POWER OUTPUT 

R2 

NOTE: When driving heavy loads the HA-5002 may contribute 10 thermal errors. 
Proper thermal shielding is recommended. 
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Applications Information (Continued) 

R 

R 

APPLICATION CIRCUIT #3: 
PRECISION COMPARATOR 

Horizontal: 501lS/Div 
VIN = ±25mV, VOUT = ±14V 

APPLICATION CIRCUIT #2: 
PROGRAMMABLE GAIN AMPLIFIER 

BR 

4R 

BR 

OUTPUT 
(TOP TRACE) 

>-.... --.,~ VOUT 

G1 Go AV 

0 0 -1 

0 1 -2 

1 0 -4 

1 1 -8 

High AVOL of HA-5134 reduces gain error. 
Gain Error'" 0.004% @ AV = 8 

General Considerations 

1. POWER SUPPLY DECOUPLlNG: Although not abso­
lutely necessary, it is recommended that all power 
supply lines be decoupled with O.01t1F ceramic 
capacitors to ground. Decoupling capacitors should 
be located as near to the amplifier terminals as 
possible. 

2. CONSIDERATIONS FOR PROTOTYPING: The fol­
lowing list of recommendations are suggested for 
prototyping. 

• Resolving low level signals requires minimizing 
leakage currents caused by external circuitry. Use of 
quality insulating materials, thorough cleaning of in­
sulating surfaces and implementation of moisture 
barriers when required is suggested. 

• Error voltages generated by thermocouples formed 
between dissimilar metals in the presence oftemper­
ature gradients should be minimized. Isolation of 
low level circuitry from heat generating components 
is recommended . 

• Shielded cable input leads, guard rings and shield 
drivers are recommended for the most critical appli­
cations. 

NOTE: If differential input voltages greater tban 6V are present, input 
current must be limited to less than 2SmA. 
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Features 

• High Speed ............................................................ 20VljJs 

• Wide Gain Bandwidth CAV ~ 5) ...................... 63MHz 

• Low Noise ........................................... 3nV/y'H; at 1KHz 

• Low VOS •......................•.........................•................. 10jJV 

• High CMRR ............................................................. 126dB 

• High Gain ..........................................•.............. 1800V/mV 

Description 

The HA-5137 monolithic operational amplifier features an 
unparalleled combination of precision DC and wideband 
high speed characteristics. Utilizing the Harris D. I. tech­
nology and advanced processing techniques, this unique 
design unites low noise (3nV//Hz) precision instrumen­
tation performance with high speed (20V/jJs) wideband 
capability. 

This amplifier's impressive list of features include low 
Vos (10jJV), wide gain-bandwidth (63MHz), high open 
loop gain (1800V/mV), and high CMRR (126 dB). 
Additionally, this flexible device operates over a wide 
supply range (±5V to ±20V) while consuming only 
140mW of power. 

Pinouts 
TOP VIEWS 

HA2-5137 (TO-99 METAL CAN) 

Schematic 

HA-5137 
Ultra-Low Noise Precision 

Wideband Operational Amplifier 

Applications 

• High Speed Signal Conditioners 

• Wide Bandwidth Instrumentation Amplifiers 

• Low Level Transducer Amplifiers 

• Fast, Low Level Voltage Comparators 

• Highest Quality Audio Preamplifiers 

• Pulse/RF Amplifiers 

• For Further Design Ideas See App. Note 553 

Using the HA-5137 allows designers to minimize errors 
while maximizing speed and bandwidth in applications 
requiring gains greater than five. 

This device is ideally suited for low level transducer signal 
amplifier circuits. Other applications which can utilize the 
HA-513Ts qualities include instrumentation amplifiers, 
pulse or RF amplifiers, audio preamplifiers, and signal 
conditioning circuits. 

This device can easily be used as a design enhancement 
by directly replacing the 725, OP25, OP06, OP07, OP27 
and OP37 where gains are greater than five. The HA-5137 
is available in TO-99 Metal Can and Ceramic 8 pin Mini­
DIPs. For the military grade product, refer to the 
HA-5137/883 data sheet. 
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CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HA-5137 

Operating Temperature Ranges Absolute Maximum Ratings (Note 1) 

T A = +250 C Unless Otherwise Stated HA-5137/37A-2 .............................. -550C ::; TA::; +1250 C 
Voltage Between V+ and V- Terminals .................... ±22V HA-5137/37A-5 .................................... ooc ::; TA ::; +750 C 
Differential Input Voltage (Note 2) .......................... ±0.7V Storage Temperature Range ....... -650 C ::; TA ::; +150o C 
Internal Power Dissipation ...................................... 500mW 
Output Current.. ................... Full Short Circuit Protection 

Electrical Specifications V+ = 15V, V- = -15V, CL::; 50pF, RS::; 100n 

HA-5137A HA-5137 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +250 C 10 25 30 100 JiV 
Full 30 60 70 300 JiV 

Average Offset Voltage Drift Full 0.2 0.6 0.4 1.8 JiV/oC 
Bias Current +250 C ±10 ±40 ±15 ±80 nA 

Full ±20 ±60 ±35 ±150 nA 
Offset Current +250 C 7 35 12 75 nA 

Full 15 50 30 135 nA 
Common Mode Range Full ±10.3 ±11.5 ±10.3 ±11.5 V 
Differential Input Resistance (Note 3) +250 C 1.5 6 0.8 4 MO 
Input Noise Voltage O.lHz to 10Hz (Note 4) +250 C 0.08 .18 0.09 0.25 JiVp-p 
Input Noise Voltage Density (Note 5) +250 C nv//HZ 

fO = 10 Hz 3.5 5.5 3.8 8.0 
fO = 30 Hz 3.1 4.5 3.3 5.6 
fO = 1000 Hz 3.0 3.8 3.2 4.5 

Input Noise Current Density (Note 5) +250 C pA/jHz 
fO = 10 Hz 1.7 4.0 1.7 
fO = 30 Hz 1.0 2.3 1.0 
fO = 1000 Hz 0.4 0.6 0.4 0.6 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 6) +25 0 C 1000 1800 700 1500 V/mV 
Full 600 1200 300 800 V/mV 

Common Mode Rejection Ratio (Note 7) Full 114 126 100 120 dB 
Minimum Stable Gain +250 C 5 5 V/v 
Gain-Bandwidth-Product fO = 10KHz) +250 C 60 80 60 80 MHz 

fO = 1MHz +250 C 63 63 MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Swing RL = 6000 +250 C ±10.0 ±11.5 ±10.0 ±11.5 V 
RL = 2KO Full ±11.7 ±13.8 ±11.4 ±13.5 V 

Full Power Bandwidth (Note 8) +250 C 220 320 220 320 KHz 
Output Resistance, Open Loop +250 C 70 70 0 

TRANSIENT RESPONSE (Note 9) 

Rise Time +250 C 100 100 ns 
Slew Rate (Note 11) +250 C 14 20 14 20 V/JiS 
Settling Time (Note 10) +250 C 1.0 1.0 Jis 
Overshoot +250 C 20 40 20 40 % 

POWER SUPPLY CHARACTERISTICS 

Supply Current +250 C 3.5 3.5 rnA 
Full 4.0 4.0 rnA 

Power Supply Rejection Ratio (Note 12) Full 2 4 16 51 p.V/v 
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HA-5137 

Typical Performance Curves Unless Otherwise Specified: TA = +250 C, VSUPPLY = ±15V 
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Typical Performance Curves Unless Otherwise Specified: TA = +250 C, VSUPPLY = ±15V 
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Tested Offset Adjustment Range is I Vos +1 mV I minimum 
referred to output. Typical range is ±4mV with Rp = 10kn. 

LARGE AND SMALL SIGNAL RESPONSE 
TEST CIRCUIT 

INO----i 

LARGE SIGNAL RESPONSE 

Vertical Scale: (Volta: Input = , V/Div.) 
(Volts: Output = 5V/Div.) 

Horizontal Scale: (Time = , IiS/Div.) 

>--.--..... --0 OUT 
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SMALL SIGNAL RESPONSE 

Vertical Scale: (Volts: Input = 20mV/Div.) 
(Volts: Output = 'OOmV/Div.) 

Horizontal Scale: (Time = 'OOns/Div.) 
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HA-5137 

Typical Performance Curves Unless Otherwise Specified: T A = +250 C, VSUPPLY = ±15V 

SETTLING TIME TEST CIRCUIT 

+15 

400Q 

2KQ 

SUGGESTED STABILITY CIRCUITS 

• AV =-5 

• Feedback and summing resistors 
should be 0.1% matched. 

• Clipping diodes are optional. 
HP5082-2810 recommended 

Low resistances are preferred for low noise applications as a 1KH resistor has 4nV/YHi of thermal noise. Total 

resistances of greater than 10K!1 on either input can reduce stability. In most high resistance applications, a few 

picofarads 01 capacitance across the feedback resistor will improve stability. 

O.1Hz TO 10Hz NOISE WITH ACL = 25,OOOV/V 

Horizontal Scale = 1sec/Div. 
Vertical Scale = O.002/NIDiv. 

O.OBI1Vp-p 
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Die Characteristics 

HA-5137 

Transistor Count ................................... 63 
Die Dimensions ..................... 65 x 104.3 x 19mils 

(1700 x 2600 x 480~m) 
Substrate Potential' ................................ v-
Process .................................... Bipolar-DI 
Thermal Constants (OCIW) Gja Gjc 

HA7-5137, Ceramic Mini-DIP 160 79 
HA2-5137, TO-99 Metal Can 172 48 

*The substrate may be lett floating (Insulating Die Mount) or it may be 
mounted on a conductor at V- potential. 
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:II HARRIS HA-S141/42/44 

Features 
• Low Supply Current ........................................ 45JlAlAmp 

• Wide Supply Voltage Range ............... Single 3V to 30V 
or Dual ±1.5V to ±15V 

• High Slew Rate ..................................................... 1.5V/Jls 

• High Gain ............................................................ 100kV/V 

• Unity Gain Stable 

• Available in Singles, Duals and Quads 

Description 
The HA-5141/42/44 ultra-low power operational amplifiers 
provided AC and DC performance characteristics similar to 
or better than most general purpose amplifiers while only 
drawing 1/30 of the supply current of most general purpose 
amplifiers. In applications which require low power 
dissipation and good A.C. electrical characteristics, this 
family offers the industry's best speed/power ratio. 

The HA-5141/42/44 provides accurate signal processing 
by virtue of their low input offset voltage (0.5mV), low input 
bias current (45nA), high open loop gain (100kVN) and low 
noise, for low power operational amplifiers (20nV/jHz). 
These characteristics coupled with a 1.5/fJs slew rate and a 
400kHz bandwidth make the HA-5141/42/44 ideal for use 

Single/Dual/Quad Ultra-Low Power 
Operational Amplifiers 

Applications 

• Portable Instruments 

• Meter Amplifiers 

• Telephone Headsets 

• Microphone Amplifiers 

• Instrumentation 

• For Further Design Ideas See App. Note 544 

in low power instrumentation, audio amplifier and active 
filter designs. The wide range of supply voltages (3V to 30V) 
also allow these amplifiers to be very useful in low voltage 
battery powered equipment. These parts are also tested 
and guaranteed at both ±15V and single ended +5V 
supplies. 

These amplifiers are available in singles (HA-5141, Can or 
Mini-DIP), duals (HA-5142, Can, Mini-DIP or 20 pin LCC) 
or quads (HA-5144, 14 pin DIP or 20 pin LCG) with industry 
standards pinouts which allow the HA-5141/5142/5144's 
to be interchangeable with most other operational 
amplifiers. For military grade product refer to the 5141, 
5142,5144/883 data sheet. 

Pinouts 
HA1-S141 (CERAMIC MINI-DIP) 
HA3-5141 (PLASTIC MINI-DIP) 

TOP VIEWS 

HA3-5142 (PLASTIC MINI-DIP) 
HA7-5142 (CERAMIC MINI-DIP) 

HA1-5144 (CERAMIC DIP) 
HA3-5144 (PLASTIC DIP) 

HA2-5141 (TO-99 METAL CAN) HA2-5142 (TO-99 METAL CAN) 

N/C v. 

v· v· 

CAUTION. These devices are sensitive to electrostatic discharge. Proper Ie handling procedures should be followed. 
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Specifications HA -5141 /42/44 

Absolute Maximum Ratings (Note 1) Operating Temperature Range 
Voltage Between V+ and V- Terminals ........................ 35V HA-5141/42/44-5 ................................. ooc :S T A :S +750 C 
Differential Input Voltage ............................................. ±7V HA-5141/42/44-2 ............................ -550 C :S TA :S +1250 C 
Output Curren!.. ........................................... SIC Protected Storage Temperature Range ........ -650 C :S TA :S +150oC 
Internal Power Dissipation ...................................... 500mW 

Electrical Specifications RS = 1000, CL :S 10pF Unless Otherwise Specified. 

V+ = +5V, V- = OV V+ = +15V, V- = -15V 

PARAMETER TEMP MIN 

INPUT CHARACTERISTICS 

Offset Voltage (Note 11) +250C 

Full 

Average Offset Voltage Drift Full 

Bias Current (Note 11) +250C 

Full 

Offset Cunent (Note 11) +250C 

Full 

Common Mode Range Full o to 3 

Differential Input Resistance +250C 

Input Noise Voltage (I = 1 kHz) +250 C 

Input Noise Current (I = 1kHz) +250 C 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Notes 2, 4) +250C 20k 

Full 15k 

Common Mode Rejection Ratio (Note 7) Full 77 

Bandwidth (Notes 2, 3) +2SoC 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Notes 2, 10) +2SoC 1.0 to 3.8 

Full 1.2 to 3.S 

Full Power Bandwidth (Notes 2, 4, 8) +2SoC 

TRANSIENT RESPONSE (Notes 2, 3) 

Rise Time +250 C 

Slew Rate (Note 6) +2SoC 0.8 

Settling Time (Note 5) +2SoC 

POWER SUPPLY CHARACTERISTICS 

Supply Current +2SoC 

Full 

Power Supply Rejection Ratio (Note 9) Full· 77 

NOTES: 

1. Absolute maximum ratings are limiting values, applied indi­
vidually beyond which the serviceability of the circuit may be 
impaired. Functional operability under any of these conditions is 
not n,ecessarily implied. 

2. RL = 50kO 

3. eL = 50pF 

4. Vo = 1.4 to 2.5V for Vce = +5, OV; Vo = ±10V for Vee = ±15V. 

5. Settling Time is specified to 0.1% of final value for a 3V output step 

and AV = -1 for Vee = +5V, OV. Output step = 10V for Vee = ±15V. 

TYP MAX MIN TYP MAX UNITS 

2 6 2 6 mV 

8 8 mV 

3 3 jJV/oC 

45 100 45 100 nA 

125 125 nA 

0.3 10 0.3 10 nA 

20 20 nA 

±10 V 

0.6 0.6 Mil 

20 20 nV/.,fHZ 

0.25 0.25 pA/VHZ 

100k 20k 100k V/V 

15k V/V 

105 77 10S dB 

0.4 0.4 MHz 

0.7 to 4.2 ±10 ±13 V 

0.9 to 4.0 ±10 ±13 V 

240 24 kHz 

600 600 ns 

1.S 0.8 1.S V/jJs 

10 10 JJS 

4S 80 100 1S0 jJA/Amp 

100 200 /loA/Amp 

10S 77 10S dB 

6. Maximum input slew rate = 1OV//iS. 

7. VeM = 0 to 3V for Vee = +5, OV; VeM = ±10V for Vee = ±15V 

8. Full Power Bandwidth is guaranteed by equation: 
Slew Rate 

Full Power Bandwidth = 2 1f V Peak 

9. tJ,VS = +10V for Vee = +5, OV; tJ,VS = ±5V for Vee = ±15V. 

10. For Vee=+5, OV terminate RL at+2.5V. Typical output current is 
±3mA. 

11. Vo = 1.4V for Vee = +5V, OV. 
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HA-5141/42/44 

Test Circuits 
SLEW RATE AND TRANSIENT RESPONSE TEST CIRCUIT 

IN C)----\ 
~--~--_e~--~-----()OUT 

LARGE SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 5V/Div.; Output = 2V/Div.) 

Horizontal Scale: (Time: 2~s/Div.) 

+VSUPPlY = +15V, -VSUPPlY = -15V 

LARGE SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 2V/Div.; Output = 1V/Div.) 

Horizontal Scale: (Time: 5~s/Div.) 

+VSUPPlY = +5V, -VSUPPlY = OV 

SMALL SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 100mV/Div.; Output = 50mV/Div.) 

Horizontal Scale: (Time: 2~s/Div.) 

INPUT 

OUTPUT 

+VSUPPlY = +15V, -VSUPPlY = -15V 

SMALL SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 100mV/Div.; Output = 50mV/Div.) 

Horizontal Scale: (Time: 5~s/Div.) 

INPUT 

OUTPUT 

+VSUPPLY = +5V, -VSUPPlY = OV 
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Performance Curves Vs = ±2.5V, T A = +250 C Unless Otherwise Specified 
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HA-5141/42/44 

Performance Curves Continued Vs = ±2.5V, T A = +250 C Unless Otherwise Specified 
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HA-5141/42/44 

Schematic 

r-~--~----------~~--~~~--~--~--~--~--~----~-o+V 

+----+-Mt-O OUTPUT 

+V 

~~--~----------~--~--------------~--~--+-----4--o-V 

Die Characteristics 
Transistor Count 

HA-S141 ........................................ 33 
HA-S142 ........................................ 66 
HA-S144 ....................................... 132 

Substrate Potential* ................................ v-
Process .................................... Bipolar-DI 
Thermal Constants (OC/W) eja ejc 

HA1-S144(-2, -S, -7) 101 33 
HA1-5144(/883) 75 22 
HA2-5141 (-2, -S, -7) 206 56 
HA2-5141 (/883) 168 50 
HA2-5142 (-2, -S, -7) 184 50 
HA2-5142 (/883) 143 43 
HA3-5141 (-5) 90 40 
HA3-5142 (-5) 80 20 
HA3-5144( -5) 75 20 
HA7-5141 (-2, -S, -7) 210 117 
HA7-S141 (/883) 90 40 
HA7-S142 (-2, -S, -7) 177 92 
HA7-S142 (/883) 80 20 

*The substrate may be left floating (Insulating Die Mount) or it may be 
mounted on a conductor at V- potential. 

NOTE: Consult Harris for LCC/PLCC information. 

2-175 



m HA.RRIS HA·5147 
Ultra-Low Noise Precision High Slew Rate 

Wideband Operational Amplifier 

Features Applications 

• High Speed .......................................................... 35VIIlS • High Speed Signal Conditioners 

• Wide Gain Bandwidth (AV ~ 10). .................. 120 MHz • Wide Bandwidth Instrumentation Amplifiers 

• Low Noise ..................................... 3 nVI /Hz at 1 KHz • Low Level Transducer Amplifiers 

• Low Ves ................................................................. 10llV • Fast, Low Level Voltage Comparators 

• High CMRR ......................................................... 126 dB • Highest Quality Audio Preamplifiers 

• High Gain ....................................................... 1BOOV/mV • Pulse/RF Amplifiers 

Description 

The HA-5147 monolithic operational amplifier features an 
unparalleled combination of precision DC and wideband 
high speed characteristics. Utilizing the Harris D. I. tech­
nology and advanced processing techniques, this unique 
design unites low noise (3 nV/JHZ) precision instrumen­
tation performance with high speed (35V/j1S) wideband 
capability. 

This amplifier's impressive list of features include low 
Vos (10 IlV). wide gain-bandwidth (120 MHz), high open 
loop gain (1800V/mV), and high CMRR (126 dB). 
Additionally, this flexible device operates over a wide 
supply range (±5V to ±20V) while consuming only 
140 mW of power. 

Using the HA-5147 allows designers to minimize errors 
while maximizing speed and bandwidth in applications 
requiring gains greater than ten. 

Pinouts Schematic 

This device is ideally suited for low level transducer signal 
amplifier circuits. Other applications which can utilize the 
HA-5147's qualities include instrumentation amplifiers, 
pulse or RF amplifiers, audio preamplifiers, and signal 
conditioning circuits. Further application ideas are given 
in Application Note 553. 

This device can easily be used as a design enhancement 
by directly replacing the 725, OP25, OP06, OP07, OP27 
and OP37 where gains are greater than ten. The HA-5147 
is available in TO-99 Metal Can and Ceramic 8 pin Mini­
DI Ps. For military grade product, refer to the HA-5147 /883 
data sheet. 

TOP VIEWS 
HA7-5147 (CERAMIC MINI-DIP) qJ -rp._-""'" --rp 

HA2-5147 (TO-99 METAL CAN) 

BAL 

v- (CASE) 

~ 

" 
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." 
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-b -- . . 
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k~-4·"· f. ... I ~ __ "L~! .: ~, ... 
_~ I .. ( 

~ •. IB~ 
111M' RII 
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\" ·".r m 

." 
1Y~ -

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HA-5147 
..... 

Absolute Maximum Ratings (Note 1) Operating Temperature Ranges: "I:t ,.... 
T A ~ +250 C Unless Otherwise Stated HA-5147/47A-2 ............................ -550C:S TA:S +1250 C U) 

I 
Voltage Between V+ and V- Terminals .................. ±22V HA-5147/47A-5 .................................. OOC:S TA:S +750 C ~ 
Differential Input Voltage (Note 2) ........................ ±0.7V Storage Temperature Range ..... -650 C :S T A :S +150o C :J: 
Internal Power Dissipation .................................. 500 mW 
Output Current ................... Full Short Circuit Protection 

Electrical Specifications V+ ~ 15V, V- ~ -15V, CL :S 50pF, RS :S 100n 

HA-5147A HA-5147 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +250 C 10 25 30 100 /1V 
Full 30 50 70 300 /1V 

III 

aII~ Average Offset Voltage Drift Full 0.2 0.6 0.4 1.8 /1V/oC 
~~ Bias Current +250 C .l:10 ±40 ±15 ±80 nA :Ea: 

Full ±20 ±50 ±35 ±150 nA CC 
Offset Current +25 0 C 7 35 12 75 nA 11.11. 

Oli 
Full 15 50 30 135 nA 0 

(.J 
Common Mode Range Full ±10.3 ±11.5 ±10.3 ±11.5 V 
Differential Input Resistance (Note 3) +250 C 1.5 6 0.8 4 Mil 
Input Noise Voltage 0.1 Hz to 10 Hz (Note 4) +250 C 0.08 .18 0.09 0.25 /1Vp-p 
Input Noise Voltage Density (Note 5) +250 C nV/.jHZ 

fO~10Hz 3.5 5.5 3.8 8.0 
fO 030 Hz 3.1 4.5 3.3 5.6 
fO 0 1000 Hz 3.0 3.8 3.2 4.5 

Input Noise Current Density (Note 5) +250 C pA/"jH; 
fa - 10 Hz 1.7 4.0 1.7 
fa 0 30 Hz 1.0 2.3 1.0 
fo ~ 1000 Hz 0.4 0.6 0.4 0.6 

TRANSFER CHARACTERISTICS 

Minimum Stable Gain +250 C 10 10 VIV 
Large Signal Voltage Gain (Note 6) +250 C 1000 1800 700 1500 Vim V 

Full 600 1200 300 800 V/mV 
Common Mode Rejection Ratio (Note 7) Full 114 126 100 120 dB 
Gain-Bandwidth-Product fO = 10 KHz +250 C 120 140 120 140 MHz 

fO = 1 MHz +250 C 120 120 MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Swing RL ~ 600 Jl +250 C ±10.0 ±11.5 ±10.0 ±11.5 V 
RL ~ 2K il Full ±11.7 ±13.8 ±11.4 ±13.5 V 

Full Power Bandwidth (Note 8) +250 C 445 500 445 500 KHz 
Output Resistance, Open Loop +250 C 70 70 Jl 

TRANSIENT RESPONSE (Note 9) 

Rise Time +250 C 22 50 22 50 ns 
Slew Rate (Note 11) +250 C 28 35 28 35 V//1s 
Settling Time (Note 10) +250 C 400 400 ns 
Overshoot +2SoC 20 40 20 40 % 

POWER SUPPLY CHARACTERISTICS 

Supply Current +250 C 3.5 3.5 mA 
Full 4.0 4.0 mA 

Power Supply Rejection Ratio (Note 12) Full 2 4 16 51 /1VIV 
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NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, 
beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 

2. Fordifferential input voltages greater than 0.7V, the input current must 
be limited to 25 rnA to protect the back-to-back input diodes. 

3. This parameter value is based upon design calculations. 

4. Refer to Typical Performance section of the data sheet. 

5. Sample tested. 

6. VOUT = ±10V, RL = 2K n 

7. VCM = ±10V 

8. Full power bandwidth guaranteed based on slew rate measurement 

using: FPBW = ~ 
21TVPEAK 

9. Refer to Test Circuits section of the data sheet. 

10. Settling time is specified to 0.1 % of final value for a 1 OV output step and 
Av = -10. 

11. VOUT = 10V Step 

12. Vs = ±4V to ±18V 

Typical Performance Curves Unless Otherwise Specified: TA = +250 C, VSUPPLY = ±15V 
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Typical Performance Curves Unless Otherwise Specified: TA +250 C, VSUPPLY ~ ±15V 
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HA-5147 

Typical Performance Curves Unless Otherwise Specified: TA ~ +250 C, VSUPPLY ~ ±15V 
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SUGGESTED OFFSET VOLTAGE 
ADJUSTMENT 

Tested Offset Adjustment Range is Ivos +1mVI minimum 
referred to output. Typical range is ±4mV with RT = 10kCl. 

LARGE AND SMALL SIGNAL RESPONSE 
TEST CIRCUIT 

IN 

LARGE SIGNAL RESPONSE 

Vertical Scale: (Volts: Input ~ O.5V/Div.) 
(Volts: Output ~ 5V/Div.) 

Horizontal Scale: (Time: 500ns/Div) 
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IN 

OUT 

OUT 

SMALL SIGNAL RESPONSE 

Vertical Scale: (Volts: Input ~ 10mV/Div) 
(Volts: Output ~ 100mV/Div) 

Horizontal Scale: (Time: 1 DOns/Div) 



HA-5147 

Typical Performance Curves Unless Otherwise Specified: TA ~ +250 C, VSUPPLY ~ ±15V 

SETTLING TIME TEST CIRCUIT 

500n 

200n 

2Kn 

SUGGESTED STABILITY CIRCUITS 

I I 
RZ L-H--~ 

C3 

• AV=-10 
• Feedback and summing resistors 

should be 0.1 % matched. 

• Clipping diodes are optional. 
HPS082-2810 recommended 

Low resistances are preferred for low noise applications as a 1K!} resistor has 4nV/ ¥Hz of thermal nOise. Total 

resistances of greater than 1 OK!l on either input can reduce stability. In most high resistance applications, a few 

picofarads of capacitance across the feedback resistor will improve stability. 

a.1Hz TO 10Hz NOISE WITH ACL = 25,OOOV/V 

Horizontal Scale = 1sec/Div. 
Vertical Scale = O.002pV/Div. 

O.08pVp-p 

2-181 



Die Characteristics 

HA-5147 

Transistor Count ................................... 63 
Die Dimensions ..................... 65 x 104.3 x 19mils 
Substrate Potential* ................................ v-
Process .................................... Bipolar-DI 
Thermal Constants (OC/W) Sja Sjc 

HA7-5147, Ceramic Mini-DIP 160 79 
HA2-5147, TO-99 Metal Can 172 48 

*The substrate may be left floating (Insulating Die Mount) or it may be 
mounted on a conductor at V- potential. 
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mHARRIS HA-5151/52/54 
Single/Dual/Quad Low Power 

Operational Amplifiers 

Features Applications 

• Low Supply Current .......................... < 200jlAlAmplifier • Portable Instruments 

• Dual Supply Voltage Range ................... ±1.5V to ±15V • Meter Amplifiers 

• Single Supply Voltage Range ......•.................. 3V to 30V • Telephone Headsets 

• High Slew Rate ........................................................ 6V / jlS • Microphone Amplifiers 

• Low Ves ,Drift .........................................•......•....•. 3jlV/OC 

• Low Noise ....................................................... 15nV/jii; 

• Dielectric Isolation 

Description 

The HA-5151/52/54 series is a group of dielectrically 
isolated bipolar amplifiers designed to provide excellent 
AC performance while drawing less than 200jlA of supply 
current per amplifier, These unity gain stable amplifiers 
are especially well suited for portable and lightweight 
equipment where available power is limited, 

The HA-5151/52/54 series combines superior low power 
AC performance with DC precision not usually found in 
general purpose amplifiers. The DC performance is cen­
tered around low input offset voltage (O.5mV), low offset 
voltage drift (3jlV/OC), and low input bias current (70nA). 
This is combined with a very low input noise voltage of 
15nv/jHZ at 1kHz. 

The AC performance of the HA-5151/52/54 series 
surpasses that of typical low power amplifiers with 6V/jls 

• Remote Sensor/Transmitter 

• Battery Powered Equipment 

• For Further Design Ideas See App. Note 544. 

slew rate and a full power bandwidth of 95kHZ. This makes 
the HA-5151 /52/54 series an excellent choice for virtually 
all audio processing applications as well as remote sensor/ 
transmitter designs requiring both low power and high 
speed. The suitability of the HA-5151/52/54 series for 
remote and low power operation is further en chaced by the 
wide range of supply voltages (±1.5V to ±15V) as well as 
single supply operation (3V to 30V). These parts are also 
tested and guaranteed at both ±15 and single ended +5V 
supplies. 
These amplifiers are available in singles (HA-5151, Can or 
Mini-DIP), duals (HA-5152, Can or Mini-DIP) or quads 
(HA-5154, 14 pin DIP), as well as over both the com­
mercial (OOC to +750 C) and military (-550 C to +1250 C) 
temperature ranges. These amplifiers also carry industry 
standard pinouts which allow the HA-5151/52/54's to be 
interchangeable with most other operational amplifiers. 
For military grade product refer to the HA-5151, 5152, 
5154/883 data sheets. 

Pinouts 
HA3-5151 (PLASTIC MINI-DIP) 
HA7-5151 (CERAMIC MINI-DIP) 

TOP VIEWS 

HA3-5152 (PLASTIC MINI-DIP) 
HA7-5152 (CERAMIC MINI-DIP) 

HA2-5151 (TO-99 METAL CAN) 

N/G 

v-

HA2-5152 (TO-99 METAL CAN) 

v· 

HA1-5154 (CERAMIC DIP) 
HA3-5154 (PLASTIC DIP) 

CAUTION: These devices are sensitive to electrostatic discharge. Proper Ie handling procedures should be followed. 
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Specifications HA-5151/52/54 

Absolute Maximum Ratings (Note 1) Operating Temperature Range 
Voltage Between V+ and V- Terminals ........................ 35V HA-5151/52/54-5 ................................. OOC :5 TA :5 +750 C 
Differential Input Voltage ............................................. ±7V 
Output Curren!.. ........................................... SIC Protected 

HA-5151/52/54-2 ............................ -550 C :5 T A :5 +1250 C 
Storage Temperature Range ........ -650 C :5 TA :5 +150oC 

Internal Power Dissipation ...................................... 500mW 

Electrical Specifications RS = 1000, CL :5 10pF Unless Otherwise Specified. 

V+ = +5V, V- = OV V+ = +15V, V- = -15V 

PARAMETER TEMP MIN 

INPUT CHARACTERISTICS 

Ollset Voltage +250 C 

Full 

Average Offset Voltage Drift Full 

Bias Current +250 C 

Full 

Offset Current +250 C 

Full 

Common Mode Range Full o to 3 

Differential Input Resistance +250 C 

Input Noise Voltage (I = 1 kHz) +250 C 

Input Noise Current (I = 1kHz) +250 C 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Notes 2, 4) +250 C 50k 

Full 25k 

Common Mode Rejection Ratio (Note 7) Full 80 

Bandwidth (Notes 2, 3) +250 C 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Notes 2, 10) +250 C 1 to 3.2 

Full 1.2 to 2.9 

Full Power Bandwidth (Notes 2, 4, 8) +250 C 

TRANSIENT RESPONSE (Notes 2, 3) 

Rise Time +250 C 

Slew Rate (Note 6) +250 C 2 

Settling Time (Note 5) +250 C 

POWER SUPPLY CHARACTERISTICS 

Supply Current +250 C 

Full 

Power Supply Rejection Ratio (Note 9) Full 80 

NOTES: 

1. Absolute maximum ratings are limiting values, applied indi­
vidually beyond which the serviceability of the circuit may be 
impaired. Functional operability under any of these conditions is 
not necessarily implied. 

2. RL = 10kU 

3. eL = 100pF 

4. Vo = 1.4 to 2.5V lor Vee = +5, OV; Vo = ±10V for Vee = ±15V. 

5. Settling Time is specified to 0.1 % of linal value lor a 3V output step 
and AV = -1. ForVee =+5V, OV; output step = 10V lor Vee = ±15V. 

TYP MAX MIN TYP MAX UNITS 

0.5 3 0.5 3 mV 

4 4 mV 

3 3 pV/OC 

100 250 100 250 nA 

400 400 nA 

5 50 5 50 nA 

80 80 nA 

±10 V 

1.5 1.5 Mil 

14.8 14.8 nV/YHz 

0.25 0.25 pA/YHz 

100k 50k 100k V/V 

50k 25k 50k V/V 

105 80 105 dB 

1.3 1.3 MHz 

0.7 to 3.5 ±10 ±13 V 

0.9 to 3.2 ±10 ±13 V 

700 95 kHz 

300 300 ns 

4.5 4 6 Vips 

5 5 ps 

200 250 200 250 pA/Amp 

275 275 pA/Amp 

105 80 105 dB 

6. Maximum input slew rate = 2SV//lS. 

7. VeM = a to 3V lor Vee = +5, OV; VeM = ±10V for Vee = ±15V 

8. Full Power Bandwidth is guaranteed by equation: 

Slew Rate 
Full Power Bandwidth = ""2-,,""V""'P=-e-a"-k 

9 . .lVS = +10V lor Vee = +5, OV; ;:NS = ±5V lor Vee = ±15V. 

10. For Vee = +5, OV terminate RL at +2.5V. 
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HA-5151/52/54 

Test Circuits 

INPUT 

OUTPUT 

INPUT 

OUTPUT 

SLEW RATE AND TRANSIENT RESPONSE TEST CIRCUIT 

INLJ----t 
~-.~-e-~--(lOUT 

LARGE SIGNAL RESPONSE 

Vertical Scale: (Volts: Input ~ 5V/Div.) 
(Volts: Output ~ 2IVDiv.) 

Horizontal Scale: (Time: 5I's/Div.) 

+VSUPPLY = +15V, -VSUPPLY = -15V 

Vertical Scale: (Volts: Input ~ 1V/Div.) 
(Volts: Output ~ 1V/Div.) 

Horizontal Scale: (Time: 5I's/Div.) 

+VSUPPLY = +5V, -VSUPPLY = OV 

INPUT 

OUTPUT 

INPUT 

OUTPUT 

2-185 

SMALL SIGNAL RESPONSE 

Vertical Scale: (Volts: Input ~ 100mV/Div.) 
(Volts: Output = 50mV/Div.) 

Horizontal Scale: (Time: 5Jls/Div.) 

+VSUPPLY = +15V, -VSUPPLY = -15V 

Vertical Scale: (Volts: Input = 100mV/Div.) 
(Volts: Output = 50mV/Div.) 

Horizontal Scale: (Time: 5Jls/Div.) 

+VSUPPLY = +5V, -VSUPPLY = OV 



HA-5151/52/54 

Typical Characteristics 

SLEW RATE VS. TEMPERATURE 

Normalized to Unity at +250 e, 6 Representative Units 

'.07 -r-"r-r-r-,-.,.-"--r-r..-"r-r-r-,-.,.-,, 

"Gj~!~g~~IE§~iE~~~~ 
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0.91 

0.90 +.<:HH-+-++--H-+-++-HH-+-++--H 
-60 -40 -20 0 20 40 60 80 100 120 

TEMPERATURE (Oc) 

PEAK-TO-PEAK NOISE O.lHz TO 10Hz 

TA = +250 e, AV = 1000V/v 

Horizontal Scale: (1 sec/div) 
Vertical Scale: (100J.S/div) 

430nVp_p RTI 

FREQUENCY RESPONSE VS. SUPPLY VOLTAGE 

TA = +250 e, RL = 10k, eL = 100pF 

100 

80 

GO 

40 

20 

TA'" +250 & Al = 10K CL = 100pF 

I IIII I I GAIN WITH 

Ilr~ 
Vee = ±.2V to :t.t5V 
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IlU ~ 

PHASE WITH 
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NOISE SPECTRAL DENSITY 

INPUT NOISE CURRENT 

11111 
INPUT NOISE VOL lAGE 

1111 1111111 
10 100 lK 10K 

FREQUENCY (Hz) 

PEAK-TO-PEAK O.lHz TO 1MHz 

TA = +250 e, AV = 1000V/v 

Horizontal Scale: (lsec/div) 
Vertical Scale: (1 mV Idiv) 

3.70JNp_p RTI 

FREQUENCY RESPONSE AT VARIOUS GAINS 

TA = +250 e, Vee = ±15V, RL = 10k, eL = 100pF 

I I II I!II 
0 

G~,J I~II • \ooWJI 
I III1 , 

, GAIN fAv= 10V~)1~ 

GAIN (Av = lV/V) t"-, 
I IIII r 

l'-4-IJl.l ~ 
PHASE (AV = 1000V/v) 

I PHASE fAv = 10VIV) II 
IIII PHASE (AV = lV/V1 

100 'K 10K tOOK 

FREQUENCY (Hz) 

~\ 
~ 

! 
, i;: 

iii 
ill 

-90 ~ 

-180 

1M 10M 

10 

0,01 
tOOK 



HA-5151/52/54 

Typical Characteristics (Continued) 

OUTPUT VOLTAGE SWING vs. SUPPLY VOLTAGE 

(+25oC) 
14 
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10 

B 
6 

., 
-4 
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....... 
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5UPPL Y VOL lAGE I+/-Vl 

CHANNEL SEPARATION vs. FREQUENCY 

VCC = ±15V, TA = +250 C 
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OUTPUT CURRENT vs. SUPPLY VOLTAGE 
(+250C) 
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II 
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11 13 15 
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SUPPLY CURRENT vs. SUPPLY VOLTAGE 
Per Amplifier (+250 C) 
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HA-5151/52/54 

Applications Information 

Independent Amplifiers 

The HA-5152 dual op amp and the HA-5154 quad op amp 
consist of completely separate amplifier circuits. Unlike 
most duals and quads, these devices do not share a 
common bias network. Thus, one amplifier passing large, 
or noisy signals will have minimal effect on another 
channel carrying small, sensitive signals. 

Loading 

Although the standard load is 10kO, the HA-515X is 
capable of driving resistive loads down to 2kO and 
capacitive loads beyond 300pF. 

Input Stage 

This amplifier uses a current amplifying input stage (see 
Application Note 544) and is not recommended for use in 
applications which involve large differential input 
voltages such as open-loop comparators. Most op amp 

applications use feedback and keep the input terminals at 
approximately the same voltage. The HA-515X will 
perform well in these circuits as long as the input 
terminals see less than 7 volts differential. 

Typical Applications 

The low power consumption of the HA-5154 makes it ideal 
for applications like battery-powered instrumentation 
where the bridge amplifier circuit below would be used. 

Choose a low-current zener voltage reference such as 
LM285Z-2.5 and select RR accordingly. This circuit was 
evaluated using the resistor values shown and a 
laboratory voltage source for the 2.5V reference. With 
unmatched, off-the-shelf, 1 % resistors, a gain accuracy of 
1% to 2% can be expected. Temperature testing indicated 
a voltage offset tempco of less than 1 OOJN 10C referred to 
output. 

VOUT = (Vp - VN) [2(1 + 

RG =1k 

R=10k R=10k 
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HA-5151/52/54 

Schematic 

+V 

A25 
N6 

ON24 

A17 

L-~--~~----------+---~----__________ ~~ __ ~ __ ~ ____ ~-o-V 

Die Characteristics 

Transistor Count 
HA-5151 ........................................ 34 
HA-5152 ........................................ 68 
HA-5154 ....................................... 136 

Substrate Potential* ................................ v-
Process .................................... Bipolar-DI 
Thermal Constants (OC/W) Sja Sjc 

HA1-5154{-2, -5, -7) 101 33 
HA 1 -5154 (/883) 75 22 
HA2-5151 (-2,-5,-7) 206 56 
HA2-5151 (/883) 168 50 
HA2-5152 (-2, -5, -7) 184 50 
HA2-5152 (/883) 143 43 
HA3-5151 (-5) 90 40 
HA3-5152 (-5) 80 20 
HA3-5154 (-5) 75 20 
HA7-5151 (-2, -5, -7) 210 117 
HA7-5151 (/883) 90 40 
HA7-5152 (-2, -5, -7) 177 92 
HA 7 -5152 (/883) 80 20 

*The substrate may be left floating (Insulating Die Mount) or it may be 
mounted on a conductor at V- potential. 

NOTE: Consult Harris for LCC/PLCC information. 
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mtHARRIS HA-5160/62 
Wideband, JFET Input High Slew Rate, 
Uncompensated, Operational Amplifier 

Features 
• WideGainBandwidth(AV~10) ...•....... 100MHz 
• High Slew Rate ........................... 120V Ills 
• Settling Time ............................... 280ns 
• Power Bandwidth ........................... 1 MHz 
• Offset Voltage ............................. 1.0mV 
• Bias Current ................................ 20pA 

Description 
The HA-5160 is a wideband, uncompensated, operational 
amplifier with FET IBipolar technologies and Dielectric 
Isolation. This monolithic amplifier features superior high 
frequency capabilities further enhanced by precision laser 
trimming of the input stage to provide excellent input 
characteristics. This device has excellent phase margin at a 
closed loop gain of 10 without external compensation. 

The HA-5160/5162 offers a number of important 
advantages over similiar FET input op amps from other 
manufacturers. In addition to superior bandwidth and 
settling characteristics, the HARRIS devices have nearly 
constant slew rate, bandwidth, and settling characteristics 
over the operating temperature range. This provides the 
user predictable performance in applications where settling 
time, full power bandwidth, closed loop bandwidth, or 
phase shift is critical. Note also that HARRIS specified all 
parameters at ambient (rather than junction) temperature to 

Pinout 
HA2-5160/5162 

(TO-99 METAL CAN) 
TOP VIEW 

COMPENSATION 

v-

Case Connected to v-

Schematic 

Applications 
• Video and RF Amplifiers 

• Data Acquisition 

• Pulse Amplifiers 

• Precision Signal Generation 

provide the deSigner meaningful data to predict actual 
operating performance. 

Complementing the HA-5160/5162's predictable and 
excellent dynamiC characteristics are very low input offset 
voltage, very low input bias current, and a very high input 
impedance. This ideal combination of features make these 
amplifiers most suitable for precision, high speed, data 
acquisition system designs and for a wide variety of signal 
conditioning applications. The HA-5160 provides excellent 
performance for applications which require both precision 
and high speed performance. The HA-5162 meets or 
exceeds the performance specifications of National's 
hybrid op amp, the LH0062. 

The HA2-5160-2 denotes a temperature range of -550 C 
to +1250 C and the HA2-5160/62-5 denotes a OOC to 
+750 C range. Military version (/883) data sheets are 
available upon request. 

r--++--46u...t--+-~-*-,..-~KN32 

CAUTION: These devices are sensRive to electric discharge. Proper I.C. handling procedures should be followed. 
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Specifications HA-5160/5162 

Absolute Maximum Ratings Operating Temperature Ranges: 

Voltage Between V+ and V- ............................... 40V HA-5160-2 ........................... -550 C.:o;; TA S+1250 C 
Differentiallnput Voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ±40V HA-5160-5 .............................. ooc .:0;; TA .:0;; +750 C 
Peak Output Current ................ Full Short Circuit Protection HA-5162-5 .............................. ooc.:o;; TA.:o;; +750 C 
Internal Power Dissipation (Note 2) ..................... 675mW Storage Temperature Range ............ -650 C .:o;;TA.:o;; +1500C 

Maximum Junction Temperature (Note 2) ............... +1750 C 

Electrical Specifications v+ = +15V, v- = -15V, Unless Otherwise Specified. 

HA-S160-2 HA-S160-S HA-S162-S 
-Ssoc to 12SOC OOCto+7SOC OOCto+7SoC 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +250 C - 1 3 - 1 3 - 3 15 mV 

Full - 3 5 - 3 5 - 5 20 mV 

Offset Voltage Average Drift Full - 10 - - 20 - - 20 35 f1V1oC 

Bias Current +250 C - 20 50 - 20 50 - 20 65 pA 

Full - 5 10 - 5 10 - 5 10 nA 

Offset Current +250 C - 2 10 - 2 10 - 2 10 pA 

Full - 2 5 - 2 5 - 2 5 nA 

Input Capacitance +250 C - 5 - - 5 - - 5 - pF 

Input Resistance +250 C - 1012 - - 1012 - - 1012 - n 
Common Mode Range Full ±10 ±11 - ±10 ±11 - ±10 ±11 - V 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain +250 C 75K 150K - 75K 150K - 25K 100K - VN 
(Note 3) Full 60K 100K - 60K 100K - 25K 75K - VN 

Common Mode Rejection Ratio Full 74 80 - 74 80 - 70 80 - dB 
(Note 4) 

Minimum Stable Gain +250 C 10 - - 10 - - 10 - - VN 

Gain Bandwidth Product Full - 100 - - 100 - - 100 - MHz 

(AV~1O) 

OUTPUT CHARACTERISTICS 

Output Voltage Swing +250 C ±10 ±11 - ±10 ±11 - ±10 ±11 - V 

(Note 5) Full ±10 ±11 - ±10 ±11 - ±10 ±11 - V 

Output Current (Note 6) +250 C ±10 ±20 - ±10 ±20 - ±10 ±20 - mA 

Output Short Circuit Current +250 C - ±35 - - ±35 - - ±35 - mA 

Full Power Bandwidth (Note 3, 7) +250 C 1.6 1.9 - 1.6 1.9 - 0.8 1.1 - MHz 

Output Resistance (Note 8) +250 C - 50 - - 50 - - 50 - n 
TRANSIENT RESPONSE (Note 9) 

Rise Time +250 C - 20 - - 20 - - 20 - ns 

Slew Rate +250 C 100 120 - 100 120 - 50 70 - VII's 

Settling Time (Note 10) +250 C - 280 - - 280 - - 400 - ns 

POWER SUPPLY CHARACTERISTICS 

Supply Current Full - 8 10 - 8 10 - 8 12 rnA 

Power Supply Rejection Ratio +250 C 74 86 - 74 86 - 70 86 - dB 

(Note 11) 
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HA-5160/5162 

NOTES: 

1. Absolute maximum ratings are limiting values. applied individually. 
beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not 
necessarily implied. 

2. Dearate at 6.8mWPC for operation at ambient temperatures 

7. Full Power Bandwidth guaranteed, based on slew rate 

measurement using FPWB = ~ 
2rr Vpeak 

8. Output resistance measured under open loop conditions. 

above +750 C. 9. Refer to Test circuits section of the data sheet, where AV = +10. 

3. VOUT = ±10V, RL = 2K 
4. VCM = ±10V DC 
5. RL = 2K 
6. VOUT = ±10V 

Test Circuits 

10. Settling Time is measured to 0.2% of final value for a 10 volt output 
step and AV = 10. 

11. VSUPP = ±10V DC to ±20V DC 

LARGE AND SMALL SIGNAL RESPONSE CIRCUIT 

OUTPUT S 

INPUT A 

INQ----i 
:>1 ..... ::-::'f--U OUT 

LARGE SIGNAL RESPONSE 
Vertical Scale: A = O.SV/Div., B = SV/Div. 

Horizontal Scale: Time = Soons/Div. 

A 

I 
I 

I 
J 

* 

SMALL SIGNAL RESPONSE 
Vertical Scale: A = 10mV/Div., B = 100mV/Div. 

Horizontal Scale: Time = loons/Div. 

I\. 

OV I , 
\ 
" 

OV OUTPUTS 

OV 

INPUT A OV 

SETTUNG TIME CIRCUIT 

+15V 

TO 
~ __ '-________ -'1!~~~ ____ -<O)SCILLOSCOPE 

500 5K 

• AV=-10 

• Feedback and summing resistors 

;>-t-t~4~2~N=44:o16 should be 0.1% matched. 
VOUT * Clipping Diodes are optional. 

3K 
HP5082-2810 recommended. 

2K 
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HA-5160/5162 

Typical Performance Curves 
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OUTPUT VOLTAGE SWING vs. FREQUENCY 
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OPEN LOOP FREQUENCY RESPONSE 
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HA-5160/5162 

Typical Performance Curves (Continued) 
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HA-5160/5162 

Typical Performance Curves (Continued) 
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Die Characteristics 

Transistor Count ................................... 82 

Die Dimensions ...................... 131 x 72 x 19 mils 

(3330 x 1830 x 483flm) 

Substrate Potential (Powered Up) ................. None 

Process ............................... Bipolar/JFET DI 

Thermal Constants (OCIW) Sja Sjc 

HA2-5160 (-8,/883) 103 31 
(Gold Eutectic Die Attach) 

HA2-5160/5162 (-2, -5, -7) 146 38 
(Glass Die Attach) 
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HA-5160/5162 

Applying the HA-5160/5162 

1. POWER SUPPLY DECOUPLlNG: Although not 
absolutely necessary, it is recommended that all power 
supply lines be decoupled with 0.011lF ceramic 
capacitors to ground. Decoupling capacitors should be 
located as near to the amplifier terminals as possible. 

2. STABILITY: The phase margin of the HA-5160/5162 
will be improved by connecting a small capacitor 
(>10pF) between the output and the inverting input of 

Applications 

the device This small capacitor compensated for the 
input capacitance of the FET. 

3. CAPACITIVE LOADS: When driving large capacitive 
loads (> 1 OOpF), it is suggested that a small resistor 
(~1 000) be connected in series with the output of the 
device and inside the feedback loop. 

4. POWER SUPPLY MINIMUM: The absolute supply 
minimum is ±6V and the safe level is ±7V. 

SUGGESTED COMPENSATION FOR UNITY GAIN STABILITY' 

INVERTING UNITY GAIN CIRCUIT 

NONINVERTING UNITY GAIN CIRCUIT 

O-------f~ COMPENSATION 

v I HA-5160/5162 

INVERTING UNITY GAIN PULSE RESPONSE 

OUTPUT t-'t--+--t'-+--r--t-t---I'Il,...fo-; 

" 

Vertical Scale: (Volts: 2V/Div.) 
Horizontal Scale: (Time: SOOns/Div.) 

NON INVERTING UNITY GAIN PULSE RESPONSE 

OUTPUT~~--t--t---r~~;--+--~~~ 

Vertical Scale: (Volts: 2V/Div.) 
Horizontal Scale: (Time: SOOns/Div.) 

*Values Were Determined Experimentally 
For Optimum Speed and Settling Time. 
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EHARRIS 

Features 

• Low Offset Voltage •......•..........•......• 100lN 
• Low Offset Voltage Drift •••••••.•..•••.•••.• 21lVloC 
• Low NOise ......•......•...•..••.•••.•.. 10nVly'Hi 
• High Open Loop Gain .................••.• 600K VN 
• Wide Bandwidth •••..•.••.•••••••••••.••••••. 8MHz 
• Unity Gain Stable 

Description 
The Harris HA-5170 is a precision, JFET input, operational 
amplifier which features low noise, low offset voltage and 
low offset voltage drift. Constructed using FET /Bipolar 
technology, the Harris Dielectric Isolation (DI) process, 
and laser trimming this amplifier offers low input bias and 
offset currents. This operational amplifier design also 
completely eliminates the troublesome errors due to 
warm-up drift. 

Complementing these excellent input characteristics are 
dynamic performance characteristics never before available 
from precision operational amplifiers. An 8V1lls slew rate 
and 8MHz bandwidth allow the designer to extend 
precision instrumentation applications in both speed and 

Pinouts 
HA7-5170 (CERAMIC MINI-DIP) 

TOP VIEW 

HA2-5170 (TO-99 METAL CAN) 
TOP VIEW 

NC 

v-

Schematic 

HA-5170 

Applications 

Precision JFET Input 
Operational Amplifier 

• High Gain Instrumentation Amplifiers 
• Precision Data Acquisition 
• Precision Integrators 
• Precision Threshold Detectors 
• For Further Design Ideas, Refer to App. Note 540. 

bandwidth. These characteristics make the HA-5170 well 
suited for precision integrator amplifier designs. 

The superior input characteristics also make the HA-5170 
ideally suited for transducer signal amplifiers, precision 
voltage followers and preCision data acquisition systems. 
For application assistance, please refer to Application Note 
540 addressing specifically this device. 

The HA-5170 is available in Metal Can (TO-99) and 
Ceramic Mini-DIP packages. HA-5170-2 denotes a -550 C 
to +1250 C temperature range and HA-5170-5 denotes the 
OOC to + 750 C range. Military version (/883) product and 
data sheets available upon request. 

CAUTION: These devices are sensHive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HA-51 70 

Absolute Maximum Ratings (Note) 

T A = +2SoC, Unless Otherwise Specified. 
Voltage Between V+ and V- Terminals ................... 44.0V 
Differential Input Voltage ............................... ±30.OV 
Output Short Circuit Duration ........................ Indefinite 
Power Dissipation (Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . .. 67SmW 
Maximum Junction Temperature ....................... +17SoC 

Operating Temperature Ranges 
HA-S170-2 ............................ -SSoC ~ TA ~ +12SoC 
HA-S170-S ............................... OOC ~ T A::;' +7SoC 
Storage Temperature Range ............. -6SoC::;'TA ~ +lS00 C 

Electrical Specifications V+ = +lSV, V- = -lSV, Unless Otherwise Specified. 

HA-S170-2 HA-S170-S 
-SSOC to +12SOC OOCto + 7SOC 

PARAMETER TEMP MIN 

INPUT CHARACTERISTICS 

Offset Voltage +2SoC -
Full -

Average Offset Voltage Drift (Note 3) Full -
Bias Current +2SoC -

Full -
Bias Current Average Drift Full -
Offset Current +250C -

Full -
Offset Current Average Drift (Note 3) Full -
Common Mode Range Full ±10 

Differential Input Capacitance +2SoC -
Differential Input Resistance (Note 3) +250 C lxl010 
Input Capacitance (Single Ended) +250 C -
Input Noise Voltage +250 C -
0.1 Hz tol OHz (Note 3) 
Input Noise Voltage Density (Note 3) 

fO= 10Hz +250 C -
fO= 100Hz +250 C -
fo= 1000Hz +2SoC -

Input Noise Voltage Density (Note 3) 
fO= 10Hz +250 C -
fO=looHz +250 C -
fO= 1000Hz +250 C -

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Notes 4) +250 C 300K 
Full 200K 

Common Mode Rejection Ratio (Note 5) Full 8S 
Minimum Stable Gain +250 C 1 
Closed Loop Bandwidth (AVCL = +1) +250 C 4 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 6) +250 C ±10 
Full Power Bandwidth (Note 7) +250C 80 
Output Current (Note 8) +250 C ±10 
Output Resistance (Note 3 & 9) +250 C -
TRANSIENT RESPONSE 

Rise Time +250 C -
Slew Rate +250 C S 
Settling Time (Notes 3 & 10) +2SoC -
POWER SUPPLY CHARACTERISTICS 

Supply Current Full -
Power Supply Rejection Ratio (Note 11 ) Full 85 

NOTES: 
1. Absolute maximum ratings are limiting values, applied individually beyond 

which the selViceability of the circuit may be impaired. 
Functional operability under any of these conditions is not 
necessarily implied. 

2. Derate at 6.8 mWjOC for operation at ambient temperatures above +7SoC. 
3. Parameter is not 100% tested. 90% of aU units meet or exceed these specifi· 

cations. 
4. VOUT = ±10, RL = 2kn. 
5. <l.VCM = ±10V D.C. 

TYP MAX MIN TYP MAX UNITS 

0.1 0.3 - 0.1 0.3 mV 
- O.S - - 0.5 mV 
2 S - 2 S jJVfOC 

20 100 - 20 100 pA 
3 30 - 0.1 2 nA 
3 - - 3 - pAfOC 
3 30 - 3 60 pA 
- 5 - - 0.1 nA 

0.3 1 - 0.3 1 pAfOC 
+15.1 - ±10 +lS.l - V 
-12 -12 V 
80 100 - 80 100 pF 

6xl010 - lxl010 6xl010 - n 
12 - - 12 - pF 
0.5 5 - 0.5 5 jJVp_p 

20 150 - 20 150 nV/y'Hz 
12 50 - 12 50 nV/jHz 
10 25 - 10 25 nV/jHz 

0.05 - - 0.05 - pA/y'Hz 
0.Q1 - - 0.01 - pA/jHz 
0.Q1 0.1 - 0.01 0.1 pA/jHz 

600K - 300K 600K - VN 
- - 250K - - VN 

100 - 90 100 - dB 
- - 1 - - VN 
8 - 4 8 - MHz 

±12 - ±10 ±12 - V 
120 - 80 120 - kHz 
±15 - ±10 ±15 - rnA 
45 100 - 45 100 n 

45 100 - 45 100 ns 
8 - S 8 - V/jJs 
1 S - 1 S jJS 

1.9 2.5 - 1.9 2.S rnA 
lOS - 90 lOS - dB 

6. RL = 2kn. 
7. Rl = 2kO; Full power bandwidth guaranteed based on slew rate 

measurement using FPBW = SLEW RATE 
2,VPEAK 

8. VOUT = ±10V. 'se lums on al;:! 23mA. 
9. Output resistance measured under open loop conditions (f == 100Hz). 

10. Settling time is measured to 0.1 % of final value for a 10V output step 
and AV = -1. 

11. <l.VSUPPLY = ±10V D.C. to ±20V D.C. 
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HA-5170 

Test Circuits 

VOS ADJUSTMENT 

V+ 

_-----'J OUT 

V-
Tested Offset Adjustment Range is I Vas + 1 mV I minimum referred to output. 
Typical range is ±5mV wtth RT = 1kO and ±15mV with RT = 100kO. 

LARGE SIGNAL RESPONSE 
Vertical Scale: 5V/Div. 

Horizontal Scale: 500ns/Div. 

LOW FREQUENCY NOISE TEST CIRCUIT 

loon 

lOon 

2.5Mn 

3.3Kn 
>,6~_oNV' ___ -Q OUT 

I 4.7 1'F 

.. 10HZ FILTER 
AV = 25,000 
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LARGE AND SMALL SIGNAL 
RESPONSE CIRCUIT 

"~I ! :t OOUT 
2K::L 

-=- 150PF 

SMALL SIGNAL RESPONSE 
Vertical Scale: 10mV/Div. 

Horizontal Scale: 100ns/Div. 

HA-5170 LOW FREQUENCY NOISE 
(0.1 Hz TO 10Hz) 

Vertical Scale: 200nV/Div. (Noise Referred to Input) 
5mV Div.At Output, AVCL = 25,000. 

Horizontal Scale: 1 Sec./Div. 



HA-5170 

Typical Performance Curves 
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HA-5170 

Typical Performance Curves (Continued) 
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til HARRIS 

PRELIMINARY 

Features 

• Low Offset Voltage ••.•.•.•..•...•.....•. 251lV Max. 
• Low Offset Voltage Drift .•...•......• O.3IlVloC Max. 
• High Voltage Gain ..••••................ 134dB Min. 
• High CMRR •..••••.••..••..•............ 120dB Min. 
• HlghPSRR .....•...............•....... 3IlVNMax. 
• Low Noise ..•..•..•...•..•..•..••.•• 9nV / y'Hi Typ. 
• Low Power Consumption .....•........• 51 mW Max. 

Description 
The HA-S177 is a monolithic, all bipolar, precision opera­
tional amplifier, utilizing Harris dielectric isolation and 
advance processing techniques. This design features a 
combination of precision input characteristics, wide 
bandwidth (1.4MHz) and high speed (0.8 V/Ils). 

The HA-S177 uses advanced matching techniques and 
laser trimming to produce low offset voltage (2SIlV) and low 
offset voltage drift (0.31lV/OC). This design also features low 
voltage noise (9.0nV /.;HZ), low current noise (0.12pA! 
.;HZ), nanoamp input currents, and 120dB minimum gain. 

Pinouts 
HA7-5177 (CERAMIC MINI-DIP) 

TOP VIEW 

Schematic 

HA-5177 

Applications 

Ultra-Low Offset Voltage 
Operational Amplifier 

• High Gain Instrumentation Amplifiers 
• Precision Control Systems 
• Precision Integrators 
• High Resolution Data Converters 
• Precision Threshold Detectors 
• Low Level Transducer Amplifiers 

These outstanding features along with high CMRR (140dB) 
and high PSRR (13SdB) make this unity gain stable 
amplifier ideal for high resolution data acquisition systems, 
precision integrators, and low level transducer amplifiers. 

The HA-S177 can be used as a direct replacement for the 
OP~S, OP07, and OP77 while offering higher bandwidth 
and slew rate. The HA-S177 is packaged in a 8 pin 
(TO-99) Metal Can and Ceramic 8 pin Mini-DIP and is pin 
compatible with many existing op amps. See the HA-5177/ 
883 data sheet for military grade parts and LCC package. 

vas 
~ __ ~~~~9~,A4D'~US~T,9~-4 ____ ~~ ___ ~~4r~~ __ ~ ______ ~+ 

II I~ riap",R'~' 

HA2-5177 (TO-a METAL CAN) 
TOP VIEW 

BAL 1 

R 

" 
Rl0 7, ~Rl1~ R6 R12 ~R9 r-I::'--1a~P3-,H...J-+--+---~ap" 

I _---ta::p~~:::!~~fa;;!~71::5ap'" r'l>---+ '---l--t---+----J:::ap
<3 ~r'j. QP19 QPb6 OP20 QPS7 L..: 1 CQP38 

~3~~a~N·~4---~~~~==+=~atN~:=j-~J(~ 
or ~ P39 Q27 

~
22 QPi'7r QP54 aP1C I '" C4 

ON15 aNtS [e, T 
QN46 R38~ aN 

OP13 ON1' DP'9-P"T1 12 QP14 

r¥x¥I ) R4 ------l---I--I::iOP31 

QN29t::" QP30~ R15 

QP45 QP34 

~:9 ~~u~P3L!:::aN='1====:i~aN::J2 QP:I~~~T 
QN48Gt ~P7A,B 0026 QN42 

QN498J ON53 QN50 QN25 ONSl 

~~~Rro ____ ~~~,R_,. __ ~I ____ ~_"+-lR'_3 _____ ~~~IR'_,_~~'R_,,~~ ______ ~.v 

CAUTION: These devices are sensitive to electrostatic discharge, Proper LC, handling procedures should be followed. 
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Specifications HA-5177 

Absolute Maximum Ratings (Note 1) 

TA = +250C Unless Otherwise Specified 
Voltage Between V+ and V- Terminals ..................... 40V 
Differential Input Voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ±15V 
Output Current ......................... Short Circuit Protected 
Power Dissipation ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 500mW 
Maximum Junction Temperature ....................... +1750C 

Electrical Specifications V+ = +15V, V- = -15V 

PARAMETER TEMP MIN 

INPUT CHARACTERISTICS 

Offset Voltage +250C -
Full -

Average Offset Voltage Drift Full -
Bias Current +250C -

Full -
Bias Current Average Drift Full -
Offset Current +250C -

Full -
Offset Current Average Drift Full -
Common Mode Range Full ±12 
Differential Input Resistance +250C -
Input Noise Voltage 0.1 Hz to 10Hz +250C -
Input Noise Voltage Density (Note 2) +250C -

fO=10Hz -
fO= 100Hz -
fO=1000Hz -

Input Noise Current 0.1 Hz to 10Hz +250C -
Input Noise Current Density (Note 2) +250C -

10= 10Hz -
10= 100Hz -
fO= 1000Hz -

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 3) +250C 134 
Full 126 

Common Mode Rejection Ratio (Note 4) Full 120 
Closed Loop Bandwidth (AVCL = +1) +250C -

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 5) +250C ±12 
Full ±12 

Full Power Bandwidth (Note 6) +250C 8 
Output Current (Note 7) +250C 15 
Output Resistance +250C -

TRANSIENT RESPONSE 

Rise Time +250C -
Slew Rate +250C 0.5 
Settling Time (Note 9) +250C -
Overshoot +250C -

POWER SUPPLY CHARACTERISTICS 

Supply Current Full -
Power Supply Rejection Ratio (Notel 0) Full 110 

NOTES: 
1. Absolute maximum ratings are limiting values, applied individually 

beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 

2. Sample Tested. 
3. VOUT = ±10V, RL = 2k!l 
4. t.VCM = ±10V D.C. 
5. RL = 2K 

Operating Temperature Ranges 
HA-5177A/5177-2 ..................... -550C ~TA ~ +1250C 
HA-5177N5177-5 ................. , ...... OOC ~ TA ~ +750C 
Storage Temperature Range: ............. -650C ~ TA ~ +1500C 

HA-S177A HA-S177 

TYP MAX MIN TYP MAX UNITS 

10 25 - 20 60 IlV 
25 60 - 40 100 IlV 
0.1 0.3 - 0.2 0.6 IlVPC 
1.2 2 - 1.2 6 nA 
2.4 4 - 2.4 8 nA 
2.4 4 - 2.4 6 nAPC 
0.6 2 - 0.6 6 nA 
1.0 4 - 1.0 8 nA 
1.5 25 - 1.5 50 pAfOC 
- - ±12 - - V 

47 - - 47 - MO 
0.35 0.6 - 0.35 0.6 IlVp-p 
- - - - - nV/y'HZ 

5.5 8 - 13 18 
4.5 5.6 - 10 13 
3.8 4.5 - 9 11 
14 30 - 14 45 pAp_p 

- - - - - pA/y'HZ 
1.1 4 - 7.1 10 

0.55 2.3 - 3.3 5 
0.32 1 - 1.2 2 

150 - 126 150 - dB 
140 - 120 140 - dB 
140 - 110 140 - dB 
1.4 - - 1.4 - MHz 

±13 - ±12 ±13 - V 
±12.5 - ±12 ±12.5 - V 

10 - 8 10 - kHz 
20 - 15 20 - mA 
60 - - 60 - 0 

310 420 - 310 420 ns 
0.8 - 0.5 0.8 - V/IlS 

14 - - 14 - 115 
10 40 - 10 40 % 

1.2 1.7 - 1.2 1.7 mA 
135 - 110 135 - dB 

6. Full power bandwidth guaranteed based on slew rate measurement 
using FPBW = Slew Rate, VpEAK = 10V. 

2. VPEAK 
7. VOUT = ±10. 
8. Refer to test circuits section of the data sheet. 
9. Settling time is measured to 0.1 % of final value for a 10V output step 

and Av =-1. 

10. t.VSUPPLY = ±10V D.C. to ±20V D.C. 
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HA-5177 

Test Circuits 

SLEW RATE AND TRANSIENT RESPONSE TEST CIRCUIT 

IN (II)-----f 

SMALL SIGNAL RESPONSE 
Vertical Scale: (Volts: 100mV/Div.) 
Horizontal Scale: (Time: 2I1S/Div.) 

SETTUNG TIME CIRCUIT 

"""'''''--0 TO 
OSCILLOSCOPE 

2kS1 

~ __ - __ --~VOUT 

VIN o---. ......... N"' ..... -I 
2kS1 

2kS1 

2-204 

LARGE SIGNAL RESPONSE 
Vertical Scale: (Volts: 5V/Div.) 

Horizontal Scale: (Time: 5Ils/Div.) 

• Av =-1 
• Feedback and summing resistors 

should b. 0.1 % matched. 

• Clipping diodes are optional. 
HP5082-2810 recommended. 
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Features 

• Ultra Low Bias Current. . • • . . . . . . . . • . . . . . . . • .. 250fA 
• Low Power Supply Current ....•............. O.SmA 
• Low Offset Voltage .••..••.••..•..••.••. O.5mV Max. 
• Unity Gain Bandwidth ..•...••.••.•........... 2MHz 
• Slew Rate .....•.•..•........•.•..•.....•.•... 7V/fJ,s 

Description 
The Harris HA-5180 is an ultra low input bias current, JFET 
input, monolithic operational amplifier which also 
features low power, low offset voltage and excellent AC 
characteristics. Employing FET IBipolar construction 
coupled with dielectric isolation this operational amplifier 
offers the lowest input bias currents (250fA typical) 
available in any monolithic operational amplifier. The 
HA-5180 has another unique feature in which the offset 
bias current may be nulled by externally adjusting the offset 
voltage. 

The HA-5180 also offers excellent AC performance 
not previously available in similar hybrid or monolithic 
op amp designs. The 2MHz bandwidth and 7V/fJ,s slew rate 
of the HA-5180 extends the bandwidth and speed for 
applications such as very low drift sample and hold 

Pinouts 
HA7-5180 (CERAMIC MINI-DIP) 

TOP VIEW 

HA2-5180 (TO-99 METAL CAN) 
TOP VIEW 

CASE 

v-

Schematic 

HA-5180 
Low Bias Current, Low Power 

JFET Input Operational Amplifier 

Applications 

• Electrometer Amplifier Designs 
• Photo Current Detectors 
• Precision, Long-Term Integrators 
• Low Drift Sample & Hold Circuits 
• Very High Impedance Buffers 
• High Impedance Biological Micro Probes 
• Refer to Application Note 555 

amplifiers and photo-current detectors. Other applications 
include use in electrometer designs, pH/lon sensitive 
electrodes, low current oxygen sensors, long term precision 
integrators and very high impedance buffer measurement 
designs. 

The HA-5180 is packaged in an 8 pin (T0-99l Metal Can 
and an 8 lead Mini-DIP and is pin compatible with most 
existing op amp configurations. The case of the TO-99 
package is internally connected to pin 8 so that it may be 
connected to the same potential as the input. This feature 
helps minimize stray leakage to the case, helps shield the 
amplifier from external noise and reduces common mode 
input capacitance. For military grade product, refer to the 

HA-5180/883 data sheet. 

o 
Balance Balance 

~:c.----F--+--Cl vOUT 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HA-51BO 

Absolute Maximum Ratings (Note 1) 

T A = +25OC Unless Otherwise Specified 
Voltage Between V+ and V- Terminals ..................... 40V 
Differentiallnput Voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ±40V 
Output Short Circuit Duration ........................ Indefinite 
Power Dissipation (Note 2) ...............•............ 300mW 

Operating Temperature Ranges 
HA-5180-2 ............................ -550 C 5.TA 5. +1250 C 
HA-5180-5 ............................... OOC 5. TA 5. +750 C 
Storage Temperature Range .......•..... -650 C 5. TA 5. +1500c 

Electrical Specifications v+ = +15V, V- = -15V, Unless Otherwise Specified. 

HA-S180-2 HA-S180-S 
-SSOCto +12SOC OOCto+7SoC 

PARAMETER TEMP MIN 

INPUT CHARACTERISTICS 

Offset Voltage +250 C -
Full -

Average Offset Voltage Drift Full -
Bias Current (Note 3) +250 C -

Full -
Offset Current (Note 3) +250 C -

Full -
Common Mode Range Full ±10 

Differential Input Resistance +250 C -
Input Capacitance +250 C -
Input Noise Voltage, 0.1 Hz to 10Hz +250 C -
Input Noise Voltage Density 

fO = 10Hz +250 C -
fO= 100Hz +250 C -
fO=1000Hz +250 C -

Input Noise Current (f = 1 kHz) +250C -
TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Notes 4) +250 C 200K 

Full 150K 

Common Mode Rejection Ratio (Note 5) Full 90 

Closed loop Bandwidth (AVCl = + 1) +250 C -
OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 6) +250 C ±10 

Full ±10 

Full Power Bandwidth (Note 7) +250 C -
Output Current (Note 8) +250 C ±10 

Output Resistance (Note 9) +250 C -
TRANSIENT RESPONSE 

Overshoot +250 C -
Rise Time +250 C -
Slew Rate +250 C 4 

Settling Time (Note 10) +250 C -
POWER SUPPLY CHARACTERISTICS 

Supply Current Full -
Power Supply Rejection Ratio (Note 11 ) Full 85 

NOTES: 
1. Absolute Maximum Ratings are limiting values applied individually 

beyond which the serviceability 01 the circuit may be impaired. 
Functional operation under any of these conditions is not 
necessarily implied. 

2. Derate at 6.9 mWt<'C lor operation at ambient temperatures above 
+750C. 

3. This parameter is guaranteed by design and is not 100% tested. 

4. VOUT = ±10V; RL = 2K. Gain dB = 20 logloAv. 

5 . .<l.VCM = ±10V D.C. 
6. RL = 2K. 

TYP MAX MIN TYP MAX UNITS 

1 3 - 1 3 mV 

- 4 - - 4 mV 

5 - - 5 - IlV;oC 

250 1000 - 250 1000 fA 

100 500 - 6 30 pA 

30 200 - 30 200 fA 

6 30 - 1 5 pA 

±12 - ±10 ±12 - V 

1012 - - 1012 - n 
5 - - 5 - pF 

5 - - 5 - IlVp-p 

200 - - 200 - nV/yHz 

120 - - 120 - nVly'Hz 

70 - - 70 - nV/y'Hz 

0.01 - - 0.01 - pNy'Hz 

1M - 200K 1M - VN 

- - 150K - - VN 

110 - 90 110 - dB 

2 - - 2 - MHz 

±12 - ±10 ±12 - V 

- - ±10 - - V 

110 - - 110 - kHz 

±15 - ±10 ±15 - mA 

25 - - 25 - n 

30 50 - 30 50 % 

75 - - 75 - ns 

7 - 4 7 - VlIlS 
2 - - 2 - IlS 

0.7 1 - 0.8 1 mA 

105 - 85 105 - dB 

7. RL = 2K, VPEAK = 10V; Full power bandwidth guaranteed based 
on slew rate measurement using FPBW = SLEW RATE 

2nVPEAK 

8. VOUT = ±10V. 
9. Output resistance specified under open loop condijions 

(I = 100Hz). 

10. Settling time is speified to 0.1% 01 linal value for a 10Voutput step 
and AV = -1. 

11 . .<l.VSUPPLY = ±10V D.C. to ±20V D.C. 
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Typical Performance Curves 
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HA-51BO 

Typical Performance Curves (Continued) 
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Typical Applications 

The HA-5180 offers one of the lowest input bias currents of 
any monolithic operational amplifier and is ideal for use in 
applications for measuring signals from very high 
impedance or very low current sources. To fully utilize the 
capabilities of the HA-5180, care should be taken to 
minimize noise pickup and current leakage paths with the 
use of shielding and guarding techniques and by placing 
the device as close as possible to the signal source. The 
small size and low quiesent current (possible battery 
operation) of the HA-5180 allows easy installation at the 
signal source or inside a probe. The HA-5180 is internally 
compensated and is capable of driving long signal cables 
which have several hundred pF capacitive loading. 

If it is not possible to place the HA-5180 very close to the 
signal source, then the use of shielded coaxial cable will 
offer the best isolation of the high impedance signal line 
from external noise sources. However, the effects of 
leakage, capacitance and vibrational noise should be taken 
into account when using coaxial cables. Leakage can be 
minimized by using cables with very high insulation 
resistance (such as polyethylene or Virgin Teflon). For 
example, the current to voltage converter circuit (as shown 
in Figure 1) will eliminate leakage across the insulation of 
the cable by forcing the signal line to the same potential as 
the shield. This circuit also provides fast response to input 
signals because the cable capacitance is never forced to be 
charged or discharged. However, the cable capacitance 
directly increases the input capacitance of the circuit and 
could cause the circuit to become unstable; if so, adding 
capacitance across Rf will stabilize the circuit again. 
Leakage can also be reduced in the high-impedance 
non-inverting configuration (see Figure 2) by bootstrapping 
the shield to the same potential as the signal source instead 
of ground. If low closed-loop gains are used, the non­
inverting configuration could also become unstable due to 
the positive feedback to the input through the cable 
capacitance. One method of compensating this circuit is to 
place a small (low leakage) capacitor from the input to 
ground. This technique will also reduce the effective 
capacitance presented to the signal source. When large 
closed-loop gains and/or long cable lengths are used, a 
buffer should be added to the circuit to drive the shield. 

>--...... -0 OUT 

FIGURE 1. CURRENT TO VOLTAGE CONVERTER 

FIGURE 2. VERY HIGH IMPEDANCE NON-INVERTING 
AMPLIFIER 

When using coaxial cable with the HA-5180 the cable 
should be kept as rigid and vibration free as possible. 
Frictional movement of the shield over the insulation can 
generate electrical charge which is picked up by the high 
impedance Signal line as noise. Movement and bending of 
the cable can also cause charge movement due to small 
changes in cable capacitance and capacitance to 
surrounding objects. Another source of noise currents is 
that which is generated by the movement of a conductor in 
a magnetiC field. 

For lowest leakage at the device inputs either use a teflon IC 
socket or connect the signal line to the HA-5180 inputs 
using teflon standoffs. A guard ring, as shown in Figure 3, 
applied to both sides of the pc board and bootstrapped to 
the same potential as the input Signal will minimize leakage 
paths across the pc board. Pin 8 of the TO-99 can, which is 
internally tied to the case, should also be tied to the 
bootstrap potential to help minimize noise pickup and 
leakage currents across the package insulation. This 
technique will also reduce common mode input 
capacitance. 

Cleanliness of circuit boards and components is also 
important for achieving low leakage currents. Printed circuit 
boards and components should be thoroughly cleaned by 
using a low residue solvent such as TMC Freon, rinsed by 
deionized water and dried with nitrogen. The circuit board 
should be protected from high contamination and high 
humidity environments. A good quality conformal coating 
with low dielectric absorption provides the best protection 
from humidity and contamination. 

Input protection is generally not necessary when designing 
with the HA-5180. Many electrometer type devices, 
especially CMOS, require elaborate zener protection 
schemes which may compromise overall performance. The 
Harris dielectric isolation process and JFET input design 
enables the HA-5180 to withstand input signals several 
volts beyond either supply and large differential signals 
equal to the rail-to-rail supply voltage without damage or 
degradation of performance. 

For more information see Application Note 555. 
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HA-5180 

Typical Applications (Continued) 

GUARD 

INPUT 

OUTPUT 

INPUTS 

00----003 
+IN 

I 
4 IN 0-----1 > __ """-__ -0 OUT 

o 02 600---0UT 50pF 
- IN 

FIGURE 3. GUARD RING EXAMPLE 

IN 

v-

FIGURE 4. SLEW RATE AND TRANSIENT 
RESPONSE TEST CIRCUIT 

>----0 OUT 
5 

FIGURE 5. SUGGESTED OFFSET ADJUSTMENT CIRCUIT 

LARGE SIGNAL RESPONSE 

Vertical Scale (Volts: 5V/Div. Input) 
(Volts: 2V/Div. Output) 

Horizontal Scale (Time: 500ns/Div.) 

INPUT 

OUTPUT 
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SMALL SIGNAL RESPONSE 

Vertical Scale (Volts: 100mV/Div. Input) 
(Volts: 50mV/Div. Output) 

Horizontal Scale (Time: 500ns/Div.) 
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Features 

• Fast Settling Time (0.1 %) .........•........... 70ns 
• Very High Slew Rate ..•.••..•.•.•.•.•...... 200V 1 Ils 
• Wide Gain-Bandwidth (AV ~ 5) . . . • . . . . . . . •• 150MHz 
• Power Bandwidth ...............••......•.. 6.5MHz 
• Low Offset Voltage ...••..............•.•...... 3mV 
• Input Noise Voltage .....•................ 6nV/y'Hi 
• Monolithic Bipolar 0.1. Construction 

Description 
HA-5190/5195 are monolithic operational amplifiers 
featuring an ultimate combination of speed, precision, and 
bandwidth. Employing monolithic bipolar construction 
coupled with Dielectric Isolation, these devices are capable 
of delivering an unparalleled 200V /IlS slew rate with a 
settling time of 70ns (0.1 %, 5V output step). These truly 
differential amplifiers are designed to operate at gains ~ 5 
without the need for external compensation. Other 
oustanding HA-5190/5195 features are 150MHz gain­
bandwidth-product and 6.5MHz full power bandwidth. In 
addition to these dynamic characteristics, these amplifiers 
also have excellent input characteristics such as 3mV offset 
voltage and 6.0nV/y'HZ input voltage noise at 1kHz. 

Pinouts 
HA1-5190/5195 (CERAMIC DIP) 

TOP VIEW 

HA2-5190/5195 (TO-8 METAL CAN) 
TOP VIEW 

IN+ 

Case Tied To V-

Schematic 

HA-5190/95 

Applications 

Wideband, Fast Settling 
Operational Amplifier 

• Fast, Precise D/A Converters 
• High Speed Sample-Hold Circuits 
• Pulse and Video Amplifiers 
• WideBand Amplifiers 
• Replace Costly Hybrids 

With 200V/lls slew rate and 70ns settling time, these 
devices make ideal olltput amplifiers for accurate, high 
speed D/A converters or the main components in high 
speed sample/hold circuits. The 5190/5195 are also ideally 
suited for a variety of pulse and wideband video amplifiers. 
Please refer to Application Notes 525 and 526 for some of 
these application designs. 
The HA-5190 is specified over the -550 C to + 1 250 C range 
while the HA-5195 is specified from OOC to +750 C. The 
HA-5190/5195 are available in 12 pin Metal Can (TO-8) 
and 14 pin Ceramic DIP packages. At temperatures above 
+750 C a heat sink is required for the HA-5190 (see Note 2 
and Application Note 556). For military versions, please 
request the HA-5190/883 Data Sheet. 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HA-5190/5195 

Absolute Maximum Ratings (Note 1) Operating Temperature Ranges 
Voltage Between V+ and V- Terminals •.....•.............. 3SV HA-S190-2 ............................ -SSoC :;:'TA So +12SoC 
Differential Input Voltage . ................................. ±6V HA-S190-S ............................... OOC SoTA So +7SoC 
Output Current •................................. SOmA (Peak) Storage Temperature Range ............. -6SoC SoT A So + 1SOOC 
Internal Power Dissipation (Note 2) ............. 870mW (Cerdip); 

1 W (TO-8) Free Air 
Maximum Junction Temperature (Note 2) ............... +17SOC 

Electrical Specifications VSUPPL Y = ±1SV; RL = 2000, Unless Otherwise Specified. 

HA-S190-2 HA-S190-S 
-SsOC to +12SOC OOCto+7SoC 

PARAMETER TEMP MIN 

INPUT CHARACTERISTICS 

Offset Voltage +250C -
Full -

Average Offset Voltage Drift Full -
Bias Current +250 C -

Full -
Offset Current +250 C -

Full -
Input Resistance +2SoC -
Input Capacitance +2SoC -
Common Mode Range Full ±5 

Input Noise Current (f = 1 kHz, Rg = OO) +2SoC -
Input Noise Voltage (f = 1 kHz, Rg = OO) +2SoC -
TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Notes 3) +2SoC 15K 
Full SK 

Common Mode Rejection Ratio (Note 4) Full 74 

Minimum Stable Gain +2SoC S 

Gain-Bandwidth-Product (Notes 5 & 6) +250 C -

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 3) Full ±5 

Output Current (Note 3) +2SoC ±2S 

Output Resistance +250 C -
Full Power Bandwidth (Note 3 & 7) +250 C S 

TRANSIENT RESPONSE (Note 8) 

Rise Time +250 C -
Overshoot +2SoC -
Slew Rate +2SOC 160 

Settling Time: 
SV Step to 0.1% +2SoC -
SV Step to 0.01 % +250 C -
2.SV Step to 0.1 % +250 C -
2.5V Step to 0.01 % +250 C -

POWER SUPPLY CHARACTERISTICS 

Supply Current Full -
Power Supply Rejection Ratio (Note 9) Full 70 

NOTES: 
1. Absolute Maximum Ratings are limiting values applied individually 

beyond which the serviceability of the circuit may be impaired. Func­
tional operation under any of these conditions is not necessarily 
implied. 

2. Recommended heat sinks: For TO-8 Metal Can, Thermalloy 
#2240A (GSA = 270 CIW) or #22688 (GSA = 240 CIW). For 14 pin 
Caramic DIP: AAVID #56028 (GSA = 160CIW). See Die Characte­
ristics Section for Gja/Gjc values. 

3. RL = 2000, CL < 10pF, VOUT = ±5V. 

TYP MAX MIN TYP MAX UNITS 

3 5 - 3 6 mV 
- 10 - - 10 mV 

20 - - 20 - IlVfOC 

S 1S - S 1S jJ.A 
- 20 - - 20 jJ.A 

1 4 - 1 4 jJ.A 
- 6 - - 6 jJ.A 

10 - - 10 - kO 

1 - - 1 - pF 

- - ±5 - - V 

5 - - 5 - pA/y'Hz 

6 - - 6 - nVly'Hz 

30K - 10K 30K - VN 
- - SK - - VN 

9S - 74 9S - dB 

- - 5 - - VN 

150 - - 1S0 - MHz 

±8 - ±5 ±8 - V 

±30 - ±25 ±30 - mA 

30 - - 30 - 0 

6.5 - S 6.S - MHz 

13 18 - 13 18 ns 

8 - - 8 - % 

200 - 160 200 - Vllls 

70 - - 70 - ns 
100 - - 100 - ns 
SO - - SO - ns 
80 - - 80 - ns 

19 28 - 19 28 mA 

90 - 70 90 - dB 

4. AVCM = ±5V. 
5. VOUT = 90mV. 
6. AV=10. 
7. Full power bandwidth guaranteed based on slew rate measurement 

using FP8W =~. 
2nVpEAK 

8. Refer to Test Circu~s section of data sheet. 
9. AVSUPPLY = ±10V D.C. to ±20V D.C. 
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HA-5190/5195 

Test Circuits 

LARGE AND SMALL SIGNAL RESPONSE 
TEST CIRCUIT* 

IN ~~------------~~ /> ...... --...... ~_J OUT 

,- 1.6K ~ ~ 200n 

LARGE SIGNAL RESPONSE 
Vertical Scale: (Volts: A = 2.0V/Div., B = 4.0/Div.) 

Horizontal Scale: (Time: 100ns/Div.) 

400n ~ '---_ .... 
-b 

AV=5 
* CL < 10pF 

SMALL SIGNAL RESPONSE 
Vertical Scale: (Volts: A = 50mV/Div., B = 100mV/Div.) 

Horizontal Scale: (Time: 100ns/Div.) 

B , I \ B J,:5V VOUT 
VOUT 

B B I. .\ 10% 
-5V 

A I A I I 
A 

A f+1V VOUT 
V,N 

-w 

SETTLING TIME TEST CIRCUIT 

w( 

~~h 
INPUT r"\.o-__ 4..J~'V?~V--9-__ ~p.. -.. f- .>---f.----rO~TPUT 

SETTLE 
POINT 

+ .001" F -1' PROBE lr I MONITOR 

1Kn ~ 14 h ~ 
( 1IJ F 

-v 
.AAA-

.A 

• AV =-5 

• Load Capaci1ance should be less than 10pF. 

• It is recommended that resistors be carbon composition and that feed­
back and summing network ratios be matched to 0.1 'lb. 

• Settle Point (Summing Node) capacitance should be less than 10pF. For 
optimum settling time results, ij is recommended that the test circuit be 
constructed directly onto the device pins. A Tektronix 568 Sampling 
Oscilloscope with S-3A sampling heads is recommended as a settle point 
monitor. 
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Typical Performance Curves V+ = +15V, V- = -15V, TA = +250 C, Unless Otherwise Specified. 
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Typical Performance Curves (Continued) 

OUTPUT VOLTAGE SWING VS. LOAD RESISTANCE SETTUNG TIME FOR VARIOUS OUTPUT STEP VOLTAGES 
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Applying the HA-5190/5195 

1. POWER SUPPLY DECOUPLlNG: Although not 
absolutely necessary, it is recommended that all 
power supply lines be decoupled with 0.01 J.IF ceramic 
capacitors to ground. Decoupling capacitors should be 
located as near to the amplifier terminals as possible. 

2. STABILITY CONSIDERATIONS: HA-5190/5195 is 
stable at gains ~ 5. Gains < 5 are covered elsewhere in 
this data sheet. Feedback resistors should be of carbon 
composition located as near to the input terminals as 
possible. 

3. WIRING CONSIDERATIONS: Video pulse circuits 
should be built on a ground plane. Minimum point to 
point connections directly to the amplifier terminals 

should be used. When ground planes cannot be used, 
good single point grounding techniques should be 
applied. 

4. OUTPUT SHORT CIRCUIT: HA-5190/5195 does not 
have output short circuit protection. Short circuits to 
ground can be tolerated for approximately 10 seconds. 
Short circuits to either supply will result in immediate 
destruction of the device. 

5. HEAVY CAPACITIVE LOADS: When driving heavy 
capacitive loads ( ~ 100pF) a small resistor (~1 oon) 
should be connected in series with the output and in­
side the feedback loop. 

Typical Applications (Also see Application Notes 525 and 526) 

OUTPUT 

INPUT 

SUGGESTED COMPENSATION FOR UNITY GAIN STABILITY: 

Rl 750n* 

Vertical Scale: (Volts: 2V/Div.) 
Horizontal Scale: (Time: 100ns/Div.) 

l 
" " 

,1 
Y 

200n 

NONINVERTING 

OUTPUT 

INPUT 

lKn* 

lKn* 

Vertical Scale: (Volts: 2V/Div.) 
Horizontal Scale: (Time: 100ns/Div.) 

n.. 

,A 
'" 

J 

• Values were determined experimentally for optimum speed and settling time. Rl and Cl should be optimized for each 
perticular application to ensure best overall frequency response. 

INVERTING 

INPUT 

2-216 

Vertical Scale: (Volts: 2V/Div.) 
Horizontal Scale: (50ns/Div.) 

\ I 
.\ II 

200n 
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Typical Applications (Continued) 

VIDEO PULSE AMPUFIERf7S0 COAXIAL DRIVER VIDEO PULSE AMPLIFIER COAXIAL LINE DRIVER 

200n 

::===1-: 
120n 7Sn 1.6Kn 

40011 

FAST DAC OUTPUT BUFFER 

GAIN 

-15V 

Die Characteristics 

Transistor Count ................................... 49 

Die Dimensions ............ 0.087 x 0.052 x 0.019 inches 

(2210 x 1320 x 483 11m) 
Substrate Potential (Powered Up)* .................... V-

Process ....... High Frequency Bipolar Dielectric Isolation 
Passivation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Nitride 

Thermal Constants (OC/W) 9ja 9jc 

Ceramic DIP 104 48 
Metal Can 87 32 

*The substrate may be left floating (Insulating Die Mount) or H may be 
mounted on a conductor at V- potential. 

OUTPUT 

INPUT 

Vertical Scale: (Volts: 2V/Div.) 
Horizontal Scale: (Time: SOns/Div.) 

B = VOUT C = Digital Input 

\. 

l 

'" 
\ -

\ 
II 

en 

* Time delay between Band C represents total time delay for OV to +5V full 
scale coded change. 
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ORDERING INFORMATION .................................................................... . 

STANDARD PRODUCTS PACKAGING AVAILABILITY . ........................................... . 

ANALOG SWITCHES GLOSSARY .............................................................. . 

SELECTION GUIDE . ......................................................................... . 

CMOS ANALOG SWITCH DATA SHEETS 

HI-200 Dual SPST CMOS Analog Switch ..................................... . 

HI-201 Quad SPST CMOS Analog Switch .................................... . 

HI-201 HS High Speed Quad SPST CMOS Switch ................................ . 

HI-300 thru 307 CMOS Analog Switches ............................................. . 

HI-381 /384/387/390 CMOS Analog Switches ............................................. . 

HI-5040 thru 5051 CMOS Analog Switches ............................................. . 

HI-5046A and HI-5047 A CMOS Analog Switches ............................................. . 

ABSOLUTE MAXIMUM RATINGS 
As with all semiconductors, stresses listed under "Absolute Maximum Ratings" may 
be applied to devices (one at a time) without resulting in permanent damage. This is a 
stress rating only. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. The conditions listed under "Electrical Specifica­
tions" are the only conditions recommended for satisfactory operation. 
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Ordering Information 
HARRIS PRODUCT CODE EXAMPLE 

H I 7 201HS 5 

T T r- PART NLMBER T 
_ TEMPERATURE: 

-----------' 2 -550C to +1250C 

PREFIX: 
H (HARRIS) 

FAMILY: 
A Analog 4 -250C to +850C 
C Communications 5 OOCto +750C 
D Digital 
I Interface 

7 Dash-7 High Reliability Commercial 
Product OOC to + 750 C . 

M Memory 
V Analog High Voltage 

PACKAGE: 
1 Dual-In-Line Ceramic 
2 Metal Can 
3 Dual-In-Line Plastic 
7 Mini-DIP, Ceramic 
a Chip Form 

Includes 96 Hour Burn-In 

These products are available fully screened to Mil-Std-883C. 
Contact a Harris Sales Office for a copy of the /883 data sheet. 

Standard Products Packaging Availabilityf 

PLASTIC CERAMIC CERAMIC METAL 
PACKAGE DIP DIP MINI-DIP CAN 

3- 1- 7- 2-

TEMPERATURE -5 -2 -4 -5 -7 -2 -4 -5 -2 -4 -5 

DEVICE NUMBER 
HI-200 N Bl Bl Bl Bl X X X 
HI-201 a Cl Cl Cl Cl 
HI-201HS a Cl Cl Cl Cl 

HI-300 N Bl Bl Bl X X 
HI-301 N Bl Bl Bl X X 
HI-302 N Bl Bl Bl 

HI-303 N Bl Bl Bl 
HI-304 N Bl Bl Bl X X 
HI-305 N Bl Bl Bl X X 

HI-30B N Bl Bl Bl 
HI-307 N Bl Bl Bl 
HI-381 N Bl Bl Bl X X 

HI-364 N Bl Bl Bl 
HI-387 N Bl Bl Bl X X 
HI-390 N Bl Bl Bl 

HI-5040 a Cl Cl Cl 
HI-5041 a Cl Cl Cl 
HI-5042 a Cl Cl Cl 

HI-5043 a Cl Cl Cl 
HI-5044 a Cl Cl Cl 
HI-5045 0 Cl Cl Cl 

HI-5046 a Cl Cl Cl 
HI-5046A a Cl Cl Cl 
HI-5047 a Cl Cl Cl 

HI-5047A 0 Cl Cl Cl 
HI-5048 a Cl Cl Cl 
HI-5049 a Cl Cl Cl 

HI-5050 a Cl Cl Cl 
HI-5051 a Cl Cl Cl 

t Letter codes in this chart indicate available packages as shown in Packaging Section 11. 
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Analog Switches Glossary 

ANALOG SIGNAL RANGE (±VS) - The maximum safe INPUT TO OUTPUT CAPACITANCE (COSOFF) - The 
input voltage range. capacitance between the analog input and output when the 

BREAK-BEFORE-MAKE-OELAY (tOPEN) - The elapsed 
time between the turn-off of one switch and the corre-
sponding turn-on of another switch for a common change 
in logic state. This delay is measured between the 50% 
points of the output transitions. 

CHANNEL INPUT CAPACITANCE. (CSOFF) - The capaci­
tance between the analog input and ground with the 
channel "OFF". This capacitance consists primarily of the 
source-body capacitance. 

CHANNEL OUTPUT CAPACITANCE (COOFF) - The 
capacitance between the analog output and ground with 
the channel "OFF". This capacitance consists of the sum of 
the drain-body capacitances. 

CHANNEL OUTPUT CAPACITANCE (COON) - The 
capacitance between the analog output and ground with the 
channel "ON". 

CHARGE INJECTION - The amount of charge transferred 
to a specified load capacitance due to the switch changing 
state. 

CROSSTALK - The amount of cross coupling from an 
"OFF" analog input to the output of another "ON" channel 
output. 

DIGITAL INPUT CAPACITANCE - The capacitance be­
tween a digital input and ground. 

INPUT LOW LEAKAGE CURRENT (IAL) - The current 
measured at the digital input with a logic low applied. 

INPUT LOW THRESHOLD (VAll - The maximum allow­
able voltage that can be applied to the digital inputs and still 
be recognized by the device as a low input. 

INPUT HIGH LEAKAGE CURRENT (IAH) - The current 
measured at the digital input with a logiC high applied. 

INPUT HIGH THRESHOLD (VAH) - The minimum voltage 
that can be applied to the digital inputs and still be recog­
nized by the device as a high input. 

channel is "OFF". 

"OFF" INPUT LEAKAGE CURRENT (ISOFF) - The 
current measured at the input of an "OFF" channel with a 
specified voltage applied to both input and output. This 
current consists largely of the diode leakage current of the 
source-body junctions. 

OFF ISOLATION - The feedthrough of an applied signal 
through an "OFF" switch to the output. This feedthrough 
occurs through the source-body and drain-body 
capacitances and has a greater effect at high frequencies. 

"OFF" OUTPUT LEAKAGE CURRENT (lOOFF) - The 
current measured at the output of an "OFF" channel with a 
specified voltage applied to both input and output. This 
current is due largely to the diode leakages of the 
drain-body junctions. 

"ON" CHANNEL LEAKAGE CURRENT (lOON) - The 
current flowing through the source-body and drain-body 
junctions of the "ON" channel. This current is measured 
with a specified voltage applied to both the input and 
output. 

"ON" RESISTANCE (RON) - The series "ON" channel 
resistance measured between the input and output termin­
als under a specified range of input voltages. 

SUPPLY CURRENT (IS) - The current required from the 
power supply to operate the switch in a no load condition. 

SWITCH TURN "OFF" TIME (tOFF) - The time required to 
deactivate an "ON" switch to an "OFF" state. This time is 
measured from the 50% point of the logic input change to 
the time the output reaches 10% of the initial value. 

SWITCH TURN "ON" TIME (tON) - The time required to 
activate an "OFF" switch to an "ON" state. This time is 
measured for the 50% point of the logic input to the time the 
output reaches 90% of the final value. 
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Selection Guide 
CMOS SWITCHES 

RON (0) IO(OFF) (nA) t(ON) (ns) t(OFF) (ns) Po (mW) 
FUNCTION OEVICE (TYPICAL) (TYPICAL) (TYPICAL) (TYPICAL) (TYPICAL) 

SPST HI-5040 50 0.5 370 280 1.5 

2xSPST HI-200 55 1 240 180 15 

HI-300 35 0.04 210 160 1 

HI-304 35 0.04 210 160 0.3 

HI-381 35 0.04 210 160 1 

HI-5048 25 0.5 370 280 1.5 

HI-5041 50 0.5 370 280 1.5 

4xSPST HI-201 55 1 180 155 15 

HI-201HS 30 0.3 30 40 120 

SPOT HI-301 35 0.04 210 160 1 

HI-305 35 0.04 210 160 0.3 

HI-387 35 0.04 210 160 1 

HI-5050 25 0.5 370 280 1.5 

HI-5042 50 0.5 370 280 1.5 

2 x SPOT HI-303 35 0.04 210 160 1 

HI-307 35 0.04 210 160 0.3 

HI-390 35 0.04 210 160 1 

HI-5051 25 0.5 370 280 1.5 

HI-5043 50 0.5 370 280 1.5 

OPST HI-5044 50 0.5 370 280 1.5 

2xOPST HI-302 35 0.04 210 160 1 

HI-306 35 0.04 210 160 0.3 

HI-384 35 0.04 210 160 1 

HI-5049 25 0.5 370 280 1.5 

HI-5045 50 0.5 370 280 1.5 

OPOT HI-5046A 25 0.5 370 280 1.5 

HI-5046 50 0.5 370 280 1.5 

4PST HI-5047A 25 0.5 370 280 1.5 

HI-5047 50 0.5 370 280 1.5 

NOTE: All data represents typical room temperature specifications at ± 15V supplies. For guaranteed and testad specWications. consult the 
device data sheet. 
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Features 
• Analog Voltage Range •..............•...•...• ±15V 

• Analog Current Range. . • . • • • . . • • . • . . . • . . . • .. 80mA 

• Turn-On Time ..••.•..•••.••.•.•..•........•. 240ns 

• Low RON •...•.••••..•••.•••••••.•..••...•...• 550 

• Low Power DIsSipation ..••..•.............•. 15mW 

• TTL/CMOS Compatible 

Applications 
• High Frequency Analog Switching 

• Sample and Hold Circuits 

• Digital Filters 

• Operational Amplifier Gain Switching Networks 

Pinouts 
TOP VIEWS 

A, 

'~ f" A, 

Ne , 13 NO 

GND 3 12 v. 

Ne 4: I 11 Ne 

'N' :"*l V': 'N' 

OUT2 aUT! 

v- VREF 

v. 

CASE TIED TO V-

HI-200 
Dual SPST CMOS Analog Switch 

Description 
HI-200 is a monolithic device comprising two independent­
ly selectable SPST switches which feature fast switching 
speeds (240ns) combined with low power dissipation 
(1SmW at +2S0C). Each switch provides low "ON" 
resistance operation for input signal voltages up to the 
supply rails and for signal currents up to BOmA. Employing 
Dielectric Isolation and CMOS processing, HI-200 
operates without any applications problems induced by 
latch-up or SCR mode phenomena. 

All devices provide break-before-make switching and are 
TTL and CMOS compatible for maximum application versa­
tility. HI-200 is an ideal component for use in high frequen­
cy analog switching. Typical applications include signal 
path switching, sample and hold circuit, digital filters, and 
op amp gain switching networks. 

HI-200 is available in DIP and (TO-99) Metal Cans. 
HI-200-2 is specified from -SSoC to +12SoC while HI-
200-S operates from OoC to +7SoC. HI-200 is functionally 
and pin compatible with other available "200 series" 
switches. 

Functional Diagram 

SWITCH OPEN 
FOR LOGIC HIGH 

A2 

...--___ -() IN 1 

'------11-<) OUT 1 

...------1I-<J IN 2 

'-------1D OUT 2 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HI-200 

Absolute Maximum Ratings 

Supply Voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 44V (±22) 
VREF to Ground ................................... +20V. -5V 
Digital Input Voltage .......................... +VSUPPL Y +4V 

-VSUPPL Y -4V 
Analog Input Voltage (One Switch) ............ +VSUPPL Y +2.0V 

-VSUPPL Y -2.0V 
Total Power Dissipation' ............................. 450mW 

Operating Temperature Range 

HI-2oo-2 .........................•........ -550C to +1250C 
HI-2oo-4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -250C to +B50C 
HI-2oo-5 ...................................... oOC to + 750C 
Storage Temperature ........................ -650C to +1500C 

'Derate 6mWfOC Above TA = +750C 

Electrical Specifications Unless Otherwise Specified: Supplies = +15V. -15V; VREF = Open; VAH (LogiC Level High) = 2.4V. 

VAL (Logic Level Low) = +O.BV 

HI-200-2 HI-200-S" 
-550C to +12SoC OOCto+7SoC 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

ANALOG SWITCH CHARACTERISTICS 

VS. Analog Signal Range Full -15 - +15 -15 - +15 V 

RON. On Resistance (Note 1 ) +250C - 55 70 - 55 BO n 
Full - BO 100 - 72 100 n 

IS(OFF). Off Input Leakage Current (Note 6) +250C - 1 5 - 1 50 nA 

Full - 100 500 - 10 500 nA 

ID(OFF). Off Output Leakage Current (Note 6) +250C - 1 5 - 1 50 nA 

Full - 100 500 - 10 500 nA 

ID(ON). On Leakage Current (Note 6) +250C - 1 5 - 1 50 nA 

Full - 100 500 - 10 500 nA 

DIGITAL INPUT CHARACTERISTICS 

VAL. Input Low Threshold Full - - O.B - - O.B V 

V AH. Input High Threshold Full 2.4 - - 2.4 - - V 

IA. Input Leakage Current (High or Low) (Note 2) Full - - 1.0 - - 1.0 !lA 

SWITCHING CHARACTERISTICS 

tOPEN. Break-Before Make Delay (Note 3) +250C - 60 - - 60 - ns 

tON. Switch On Time +250C - 240 500 - 240 - ns 

tOFF. Switch Off Time +250C - 330 500 - 500 - ns 

"Off Isolation" (Note 4) +250C - 70 - - 70 - dB 

CS(OFF). Input Switch Capacitance +250C - 5.5 - - 5.5 - pF 

CD(OFF)' } Output Switch Capacitance +250C - 5.5 - - 5.5 - pF 

CD(ON). +250C - 11 - - 11 - pF 

CA. Digital Input Capacitance +250C - 5 - - 5 - pF 

CDS(OFF). Drain-To-Source Capacitance +250C - 0.5 - - 0.5 - pF 

POWER REQUIREMENTS (Note 5) 

PD. Power Dissipation +250C - 15 - - 15 - mW 

Full - - 60 - - 60 mW 

1+. Current +250C - 0.5 - - 0.5 - mA 

Full - - 2.0 - - 2.0 mA 

1-. Current +250C - 0.5 - - 0.5 - mA 

Full - - 2.0 - .. 2.0 mA 

NOTES: 

1. VOUT = ±10V.IOUT = lmA 4. VA = SV. RL = lkO. CL = 10pF. Vs = 3VRMS. I = 100kHz. 
2. Digtlallnputs are MOS gates - Typical Leakage is Less Than 1 nA. 5. VA = +3V or VA = OV lor Both Switches. 

3. VAH = 4.0V. 6. Reier to Leakege Current Measurement Diagram on Page 3-8. 

"NOTE: HI-200-4 Has Same Specilications as HI-20o-S Over the Temperature Range -200C to +8SoC. 
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Schematic Diagrams 

GND 

TTL/CMOS REFERENCE CIRCUIT 
V-REF CELL 

DIGITAL INPUT BUFFER 
AND LEVEL SHIFTER 

200n 

ALL N-CHANNEL BODIES TO v­
ALL P-CHANNEL BODIES TO V+ 
EXCEPT AS SHOWN. 

V+ 

v-

HI-200 

SWITCH CELL 

A' ~----------e-------------~---, 

A' ~------------e---------~ 

t------l----lr-" A' 

'-------.11-1--+-1-" A' 
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HI-200 

Performance Characteristics and Test Circuits 
Unless Otherwise Specified: TA = +25OC, VSUPPLY = ±15V, VAH = 2.4V, VAL = O.BV and VREF = Open 

ON RESISTANCE VB. ANALOG SIGNAL LEVEL, 
SUPPLY VOLTAGE AND TEMPERATURE 

1mA -
V2 

RON = 1mA 
. V2 

IN 
.£). .£). OUT 

,±VIN ~ HI-200 

-

ON RESISTANCE VB. TEMPERATURE 

80 

70 

VIN = OV ------60 

~ 
r--

i ~ 50 

~ 
~ 0 

---~ 40 ... ~ 
.~ 

'" 30 
c5 

20 

10 

0 
-50 -25 0 +25 +50 +75 +100 +125 

Ambient Temperature - oc 

(HI-200) 
ON RESISTANCE VB. ANALOG SIGNAL LEVEL 

AND POWER SUPPLY VOLTAGE 

100 

I 
V+ = +10V 

V- I"'--
V- = -10V V ...... - -

i 
V+ +12.5V V 

...... -,..... V-=-I~V+=+15V ~ 
0 V_=-15V~ , 

r--~ 50 _f.-:-:: 
.j 
'" 
~ 

0 

0 
-15 -10 -5 0 +5 +10 +15 

Analog Signal Level - Volts 
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Performance Characteristics and Test Circuits (Continued) 

SWITCH LEAKAGE CURRENT vs. TEMPERATURE 
(HI-200) 

OFF LEAKAGE CURRENT VS. 
100 TEMPERATURE 

/ 
/ IslOFFI IOIOFFI 

/ 
IN 

""' 
OUT 

A A 

V HI-200 

/ ±'14V -=- --
.I. .I. 

ISIOFFI/IOIO~ ":" ":" 

10 

/ 
/ / 

/ / 
/ / ON LEAKAGE CURRENT VS. 

/ / 
TEMPERATURE 

V 101:;/ IN 
" ""- OUT 

1.0 HI-200 

/ 

/ 
2.IOIONI / 

/ -=- ±14V 

.I.. 
I' ":" 

olLL 
+250C +50oC +750C +100oC +1250C 

Temperature 

SWITCH CURRENT VS. VOLTAGE 
SWITCH CURRENT VS. 

90 VOLTAGE ---80 
~ 

I '" ~ ."..., 
70 ...... L 60 

./ ~1 
« V .i ,VIN E 

~ 50 

/ ":" 
~ 

8 40 V 
/ 

~ 30 

/ 20 

10 / 

0/ 
0 ,1 ±2 ±3 ±4 ±5 ±6 ±7 

Voltage Across Switch - Volts 
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Performance Characteristics and Test Circuits (Continued) 

(HI-200) 
SWITCH TIME vs. TTL LOGIC LEVEL ON/OFF SWITCH TIME VS. LOGIC LEVEL 

500 ?+10V IN 

6 
400 

\ 
--

t~F 
HI-200 ~ 

~ - f+ BREAK-tEFORE-MAKE 

300 r-l. OUT 

"- tOIN-Z4L_ f--
Jl... VA 

"'y'~' ....... r---.... zoo 
MAKE BEFORE-_ -

- BREAK -
100 

a 
2.5 3.0 3.5 4.0 4.5 5.0 

TIL Logic Level (VAH) - Volts 

Switching Waveforms 

DIGITAL VA' 4.0V 

INPUT \ 
lIso% 50% 

"- VA' O.OV J 
-tOFF-

SWITCH OV 

-tO~90% 
10% OUTPUT 

tON. tOFF (TTL INPUn tON. tOFF (CMOS INPUT) 
VAH = +4.0V VREF = OPEN. VAH = +15V 

I 
\ 

\. J 

I 
I 

- U \. 

TOP: TTL Input VERTICAL: 2V/Div. TOP: CMOS Input VERTICAL: 5V/Div. 
BOTTOM: Output HORIZONTAL: 200ns/Div. BOTTOM: Output HORIZONTAL: 200ns/Div. 
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{lJHARRlS 

Features 
• Analog Voltage Range ..••.........•.......... ±15V 

• Analog Current Range . . . . . . . . . . . . . • • . . . • . . .. 80mA 

• Turn-On Time. . . . . . . • . . . . . . . . . . . . . . . . . . . . . .. 185ns 

• Low RON ...•..............................•.. 550 

• Low Power Dissipation ..•..•.•••..•...•..... 15mW 

• TTL/CMOS Compatible 

Applications 
• High Frequency Analog Switching 

• Sample and Hold Circuits 

• Digital Filters 

• Operational Amplifier Gain Switching Networks 

Pinout 
HI1-201-X 
TOP VIEW 

Al 16 A2 

OUT 1 2 15 OUT 2 

IN 1 14 IN 2 

V- 4 13 V+ 

GNO 12 VREF 

IN4 11 IN 3 

OUT4 10 OUT 3 

A4 9 A3 

HI-201 
Quad SPST CMOS Analog Switch 

Description 
HI-201 is a monolithic device comprising four independent­
ly selectable SPST switches which feature fast switching 
speeds (185ns) combined with low power dissipation 
(15mW at +250 C). Each switch provides low "ON" 
resistance operation for input signal voltages up to the 
supply rails and for signal currents up to 80mA. Employing 
Dielectric Isolation and CMOS processing. HI-201 
operates without any applications problems induced by 
latch-up or SCR mode phenomena. 

All devices provide break-before-make switching and are 
TIL and CMOS compatible for maximum application versa­
tility. HI-201 is an ideal component for use in high frequen­
cy analog switching. Typical applications include signal 
path switching. sample and hold circuit. digital filters. and 
op amp gain switching networks. 

HI-201 is available in a 16 lead Dual-In-Line package. 
HI-201-2 is specified from -550 C to +1250 C while HI-
201-5 operates from OOC to + 750 C. HI-201 is functionally 
and pin compatible with other available "200 series" 
switches. 

Functional Diagram 

TYPICAL SWITCH 

IN 

OUT 

CAUTION: These deviceS are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HI-20 1 

Absolute Maximum Ratings Operating Temperature Range 

Supply Voltage Between Pins 4 and 13 ............. " 44V (±22) HI-201-2 .................................. -550C to + 1250C 
VREF to Ground ................................... +20V. -5V HI-201-4. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -250C to +B5OC 
Digitallnput Voltage .......................... +VSUPPL Y +4V 

-VSUPPL Y -4V 
HI-201-5 ...................................... oOC to + 750C 
Storage Temperature ........................ -650C to +1500C 

Analog Input Voltage (One Switch) ............ +VSUPPL Y +2.0V 
. -VSUPPL Y -2.0V 

Analog Current - Continuous. Peak ............... 30mA. BOmA *Derate BmWfOC Above TA = +750C 
Total Dissipation* .................................... 750mW 

Electrical Specifications Unless Otherwise Specified: Supplies = +15V. -15V; VREF = Open; VAH (Logic Level High) = 2.4V. 
VAL (Logic Level Low) = +O.BV 
For Test Conditions Consult Peformance Characteristics 

HI-201-2 HI-201-S** 
-SSOCto+12SoC OoCto +7SoC 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

ANALOG SWITCH CHARACTERISTICS 

VS. Analog Signal Range Full -15 - +15 -15 - +15 V 
RON. On Resistance (Note 1 ) +250C - 55 70 - 55 BO n 

Full - BO 100 - 75 100 n 
IS(OFF). Off Input Leakage Current (Note 6) +250C - 2 5 - 2 50 nA 

Full - - 500 - - 250 nA 
ID(OFF)' Off Output Leakage Current (Note 6) +250 C - 2 5 - 2 50 nA 

Full - 35 500 - 35 250 nA 
ID(ON). On Leakage Current (Note 6) +25OC - 2 5 - 2 50 nA 

Full - - 500 - - 250 nA 

DIGITAL INPUT CHARACTERISTICS 

VAL. Input Low Threshold Full - - O.B - - O.B V 
V AH. Input High Threshold Full 2.4 - - 2.4 - - V 
IA. Input Leakage Current (High or Low) (Note 2) Full - - 1.0 - - 1.0 IlA 

SWITCHING CHARACTERISTICS 

tOPEN. Break-Before Make Delay (Note 3) +250C - 30 - - 30 - ns 
tON. Switch On Time +250 C - 1B5 500 - 1B5 - ns 

Full - 1000 - - 1000 - ns 
tOFF. Switch Off Time +250C - 220 500 - 220 - ns 

Full - 1000 - - 1000 - ns 
"Off Isolation" (Note 4) +250C - BO - - BO - dB 
CS(OFF). Input Switch Capacitance +250C - 5.5 - - 5.5 - pF 

CD(OFF)'} Output Switch Capacitance +250C - 5.5 - - 5.5 - pF 

CD(ON). +250C - 11 - - 11 - pF 
CA. Oigitallnput Capacitance +250C - 5 - - 5 - pF 

CDS(OFF). Drain-To-Source Capacitance +250C - 0.5 - - 0.5 - pF 

POWER REQUIREMENTS (Note 5) 

PD. Power DisSipation +250C - 15 - - 15 - mW 

Full - - 60 - - 60 mW 
1+. Current (Pin 13) +250 C - 0.5 - - 0.5 - mA 

Full - - 2.0 - - 2.0 mA 
1-. Current (Pin 4) +250 C - 0.5 - - 0.5 - mA 

Full - - 2.0 - - 2.0 mA 

NOTES: 

1. VOUT = ±10V. lOUT = lmA 4. VA = SV. RL = lkO. CL = 10pF, Vs = 3VRMS. I = 100kHz. 
2. Digital Inputs are MOS gates - Typical Leakage is Less Than 1 nA. 5. VA = +3V or VA = OV lor All Switches. 
3. V AH = 4.0V. 6. Reier to Leakage Current Measurement Diagram on Page 3-8. 

-*NOTE: HI-201-4 Has Same SpecHications as HI-201-S Over the Temperature Range -250C to +8SoC. 
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Schematic Diagrams 

TTLJCMOS REFERENCE CIRCUIT 
V-REF CELL 

GND 

DIGITAL INPUT BUFFER 
AND LEVEL SHIFTER 

200 n 

R4 

ALL N-CHANNEL BODIES TO v­
ALL P-CHANNEL BODIES TO V+ 

EXCEPT AS SHOWN. 

V+ 

v-

HI-201 

SWITCH CELL 

A' ~----------,-------------~---, 

A'~----------~~--------~ 

..... -t-+-_ A' 

~-t-+--t-+-_A' 
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HI-201 

Performance Characteristics and Test Circuits 
Unless Otherwise Specified: TA = +250 C, VSUPPLY = ±15V, VAH = 2.4V, VAL = C.BV and VREF = Open 

ON RESISTANCE vs. ANALOG SIGNAL LEVEL, 
SUPPLY VOLTAGE AND TEMPERATURE 

1 mA --
~ - V1 . 

RON lmA 

IN 
" " 

OUT 

,±,VIN =i= 
HI-201 

-

ON RESISTANCE vs. TEMPERATURE 

80 

70 

VIN = OV ~ ~ 60 

E ~ 
,-

..<:: 50 ."...... 
0 

~ 
,... 

I --'" '-' 40 ... ~ 
t; 
.~ 30 
c: 
c:: 

0 10 

10 

0 
-50 -15 0 +15 +50 +75 +100 +125 

Ambient Temperature - °c 

(HI-201) 
ON RESISTANCE VS. ANALOG SIGNAL LEVEL 

AND POWER SUPPLY VOLTAGE 

100 

V 
./ 

V V-V+='+10V 
/V+=+15V----:; E V t- V-=-10~ 

V v-=y ..<:: 
0 v+ '" +12.5V 

I - v- =-12.5V -r- V ~ --~ 50 -t; 
.~ 

c: 
c:: 

0 

0 
-15 -10 -5 0 +5 +10 +15 

Analog Signal Level - Volts 
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HI-201 

Performance Characteristics and Test Circuits (Continued) 

SWITCH LEAKAGE CURRENT VS. TEMPERATURE 

« 
E 
I -c: 

~ 
'" '-' 
.c: 
1: 
"i: 
en 

(HI-201) 

10 0 

/ 
/ 

/ 
/ 

/ 
10 

ISIOFFI/IOIO~ 

/ 
/ / 

L / 
V / 

/ / 

1.0 V 1017 

1 

90 

80 

70 

50 

50 

40 

30 

20 

10 

/' o 
o 

/ 

/ 
/ 

/ 

/ 
V 

+100 0C 

Temperatu re 

SWITCH CURRENT VS. VOLTAGE 

../' ~ 

/'" 
V" 

/ 
/' 

/r 
/' 

/ 

tl t2 t3 t5 

Voltage Across Switch - Volts 

OFF LEAKAGE CURRENT VS. 

TEMPERATURE 

:;:14V -=-
~ 

ON LEAKAGE CURRENT vs. 
TEMPERATURE 

IN 

OUT 

HI-201 

-=- ±14V' 
I. 

SWITCH CURRENT vs. ...--- VOLTAGE 

IN OUT 

HI-201 

t5 ±7 
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Switching Waveforms 

DIGITAL 
INPUT 

HI-201 

LOGIC "0" = SWITCH ON 

r--tON- 90% 

SWITCH 
OUTPUT __ O_V _____ ---f 

tON, tOFF (TTL INPUn 
VIN = +4.0V 

.\ 
\ 
\ 

tON, tOFF (CMOS INPUT) 
VREF = OPEN, VIN = +15V 

{ \ 
I \ 

TOP: TIL Input VERTICAL: 2V/Div. TOP: CMOS Input VERTICAL: 5V/Div. 
BOTIOM: Output HORIZONTAL: 100ns/Div. BOTIOM: Output HORIZONTAL: l00ns/Div. 

OFF ISOLATION vs. FREQUENCY 

140 

120 

100 
~ -
~ 80- RL~ lkn - -
~ :::: s 60 
~ 

0 40 

20 

-
0 

100kHz 100Hz 1kHz 10kHz 1MHz 

FREQUENCY - Hz 

For More Information See Application Notes 520, 521, 531, 532 and 557 in Section 10 of Data Book. 
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til HARRIS 

Features 
• Fast Switching Times ................•.. tON = 30ns 

tOFF = 40ns 

• Low "ON" Resistance ............•............ 30n 

• Pin Compatible with Standard HI-201 

• Wide Analog Voltage Range (±15V Supplies) .. ±15V 

• Low Charge Injection (±15V Supplies) ......... 10pC 

• TTL Compatible 

• Symmetrical Switching Analog 
Current Range .........................•.... 80mA 

Applications 
• High Speed Multiplexing 

• High Frequency Analog Switching 

• Sample and Hold Circuits 

• Digital Filters 

• Operational Amplifier Gain Switching Networks 

• Integrator Reset Circuits 

Pinout 
TOP VIEW 

" , 16 A2 

OUTI 2 15 Dun 

IN 1 3 14 IN 2 

v- 4 13 V+ 

GND 5 12 Ne 

IN46 11 IN3 

OUT4 7 10 aUl3 ... , 
" 

LOGIC SWITCH 

0 ON 

1 OFF 

HI-201HS 

Description 

High Speed Quad SPST 
CMOS Analog Switch 

The HI-201 HS is a monolithic CMOS Analog Switch featur­
ing very fast switching speeds and low ON resistance. This 
integrated circuit consists of four independently selectable 
SPST switches and is pin compatible with the industry 
standard HI-201 switch. 

Fabricated using silicon-gate technology and the Harris 
Dielectric Isolation process, this TTL compatible device 
offers improved performance over previously available 
CMOS analog switches. Featuring maximum switching 
times of 50ns, low ON resistance of 50n maximum, and a 
wide analog signal range, the HI-201 HS is designed for any 
application where improved switching performance, part­
icularly switching speed, is required. (A more detailed 
discussion on the design and application of the HI-201 HS 
can be found in Application Note 543). 

The HI-201 HS is available in a 16 pin Ceramic DIP pack­
age. The HI-201 HS-2 is specified over the temperature 
range from -550 C to +1250 C and the HI-201 HS-5 version 
from OOC to + 750 C. HI-201 HS-4 is also offered from 
-250 C to +850 C. 

Functional Diagram 

LOGIC 
INPUT 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HI-20 1 HS 

Absolute Maximum Ratings Operating Temperature Range 
Supply Voltage (Between Pins 4 and 13) .................... 36V HI-201 HS-2 ............................... -550C to + 1250C 
Digital Input Voltage (Pins 1, 8, 9, 16) ............ +VSUPPL Y +4V HI-201 HS-4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -250C to +850C 

-VSUPPL Y -4V HI-201 HS-5 ................................... COC to + 750C 
Analog Input Voltage (One Switch) ............ +VSUPPL Y +2.0V Storage Temperature ........................ -650C to +15COC 
Pins 2,3,6,7,10,11, 14, 15 -VSUPPL Y -2.0V 
Analog Current - Continuous Peak ................ 30mA, 80mA 
Total Power Dissipation (Note 2) ....................... 750mW 
Maximum Junction Temperature ....................... +1750C 

Electrical Specifications Unless Otherwise Specified: Supplies = +15V, -15V; VAH (Logic Level High) = 3.0V, 
VAL (Logic Level Low) = +0.8V, GND = OV 

PARAMETER TEMP 

ANALOG SWITCH CHARACTERISTICS 

VS, Analog Signal Range Full 
RON, On Resistance (Note 3) +250C 

Full 
RON Match +250C 
IS(OFF). Off Input Leakage Current +250C 

Full 
ID(OFF), Off Output Leakage Current +250C 

Full 
ID(ON), On Leakage Current +250C 

Full 

DIGITAL INPUT CHARACTERISTICS 

VAL, Input Low Threshold Full 
V AH; Input High Threshold +250C 

Full 
IAL, Input Leakage Current (Low) +250C 

Full 
IAH, Input Leakage Current (High) +250C -

Full 

SWITCHING CHARACTERISTICS 

tON, Switch On Time (Note 4) +250C 
tOFF1, Swiich Off TIme (Note 4) +250C 
tOFF2, Switch Off Time (Note 4) +250C 
Output Settling Time 0.1 % +250C 
"Off Isolation" (Note 5) +250C 
Crosstalk (Note 6) +250C 
Charge Injection (Note 7) +250C 
CS(OFF), Input Switch Capacitance +2SoC 

CD(OFF)'} Output Switch Capacitance +250C 

CD(ON), +250C 
CA, Digital Input Capacitance +250C 
CDS(OFF), Drain-To-Source Capacitance +250C 

POWER REQUIREMENTS (Note 8) 

Po, Power Dissipation +250C 
Full 

1+, Current (Pin 13) +250C 
Full 

1-, Current (Pin 4) +2SoC 
Full 

NOTES: 
1. Absolute maximum ratings are limtting values, applied individually, beyond 

which the serviceability 01 the circutt may be impeired. Functional 
operability under any of these conditions is not necessarily implied. 

2. Derate 8mWI"C above TA = +750 C, Sja = 1000CIW, Sjc = 3~CIW. 
3. VOUT = ±10V, lOUT = 1mA. 
4. RL = 1kO, CL = 35pF, VIN = +10V, VA = +3V. 

(See Switching Wavelorms). 

HI-201HS-2 HI-201 HS-5/-4 

MIN TYP MAX MIN TYP MAX 

-15 - +15 -15 - +15 
- 30 50 - 30 50 
- - 75 - - 75 
- 3 - - 3 -
- 0.3 1 - 0.3 1 
- - 100 - - 50 
- 0.3 1 - 0.3 1 
- - 100 - - 50 
- 0.1 1 - 0.1 1 
- - 100 - - 50 

- - 0.8 - - 0.8 
2.0 - - 2.0 - -
2.4 - - 2.4 - -

- 200 - - 200 -
- - -500 - - -500 
- I' 20 - - 20 -
- - +40 - - +40 

- 30 50 - 30 50 
- 40 50 - 40 50 
- 150 - - 150 -
- 180 - - 180 -
- 72 - - 72 -
- 86 - - 86 -
- to - - 10 -
- 10 - - 10 -
- 10 - - 10 -
- 30 - - 30 -
- 18 - - 18 -
- 0.5 - - 0.5 -

- 120 - - 120 -
- - 240 - - 240 
- 4.5 - - 4.5 -
- - 10.0 - - 10.0 
- 3.5 - - 3.5 -
- - 6 - - 6 

5. VA = 3V, RL = 1kO, CL = 10pF, VIN = 3VRMS, I = 100kHz. 
6. VA = 3V, RL = 1kO, VIN = 3VRMS, I = 100kHz. 
7. CL = 1000pF, VIN = OV, RIN = OO,.:I.Q = CL x .:I.VO. 
8. VA = 3V or VA = 0 lor all switches. 
9. VA = 4V. 

3-18 

UNITS 

V 
n 
n 
% 
nA 
nA 
nA 
nA 
nA 
nA 

V 
V 
V 

!lA 
!lA 
!lA 
!lA 

ns 
ns 
ns 
ns 
dB 
dB 
pC 
pF 
pF 
pF 
pF 
pF 

mW 
mW 
mA 
mA 
mA 
mA 



Test Circuit 

HI-201HS 

SWITCHING TEST CIRCUIT (tON, tOFF1, tOFF2) 

SWITCH 
INPUT 

3 

V+" +15V 

13 

VIN - +10V o-----+---o~ 

LOGIC 
INPUT 

GND V-- -15V 

SWITCH 
OUTPUT 

v -v RL o IN RL + RON 

CL INCLUDES CFIXTURE + CPROBE 

Switching Waveforms 
LOGIC "0" = SWITCH ON 

DIGITAL V AH ·3V 

INPUT 
50% 

SWITCH OV 
OUTPUT --------'" 

tON. tOFF(TIL INPUT) 
VAH = +3.0V 

~tOFF2 

TOP: TTL Input (2V/Div.) 
BOTTOM: Output (5V/Div.) HORIZONTAL: 100ns/Div. 
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HI-201HS 

Typical Performance Curves 

80 

"ON" RESISTANCE vs. ANALOG SIGNAL LEVEL 
AND TEMPERATURE 

"ON" RESISTANCE vs. ANALOG SIGNAL LEVEL 
AND POWER SUPPLY VOLTAGE 

80 
V+ = +15V 
V-=-15V TA = +250C 

70 

~ 60 
J: 
o 
~ 50 

" ~ ~"'-...... +125OC 

70 

0 

~ ""-
~ L 
~, f""-.... D ...-

-----
C ~ 40 

fa 
~30 

""'-I--- +250<: 

0 

---- .............. 
0 --- iI ---~ r-- A 

----- -550C ----o 
A V+=+15V V-=-15V 

~ 20 r---- B V+=+12V V-=-12V 
C V+ = +10V V-"'-10V 

10 

o 
-15 

< 
E. 
.... 
z 
W 
II: 
II: 
::J 
U 
> 
.J 

:l: 
::J 
en , 
± 

6 

5 

4 

3 

2 

1 

0 

-10 -5 0 +5 

VIN - ANALOG INPUT (VOLTS) 

+10 

IS(OFF) OR ID(OFF) vs. TEMPERATURE" 

1 
.... 
2 
w 
II: 
II: 
::J 
u 
w 

" « 
" « 
w 
.J 

100.0 

10.0 

1.0 

.10 

.01 
25 

I-' 

75 125 
T - TEMPERATURE (OC) 

SUPPLY CURRENT vs. TEMPERATURE 

r--I--- 1+ 

r--t- 1-

+V=+15':' _ 

IV=-r 

+15 

-55 -35 -15 25 45 65 85 105 125 

T - TEMPERATURE (OC) 

0 

0 
-15 

D V+=+8V v- =-8V 

-10 -5 +5 

VIN - ANALOG INPUT (VOLTS) 

ID(ON) vs. TEMPERATURE" 

100. 0 

1'0,0 
.... 
2 
w 
II: 
II: a 1. 
w 

~ 
a 

~ ,10 ..... 

1 .0 
25 

~ 

75 
T - TEMPERATURE (OC) 

+10 

125 

LEAKAGE CURRENT vs. ANALOG INPUT VOLTAGE 

100 
80 

60 

40 

! .20 

0 , 
-20 .... 

2 
w -40 II: 
II: -60 ::J 
u -80 w 

" -100 « 
" -120 « 
w 
.J -140 , 

I--" 

~"'"" lL 
lOON I-'" ~ 

1-'1" 
""" i-"" I ~ 

t- ISOFF/IOO~F 
"'" i.;' 

~ 

" i;' V+= +15V 
V-=-15V 

-160 ISOFF - Vo = OV 
-180 IOOFF-VS = ov 

LLlll -200 
-14-12-10 -8 -6 -4 -2 0 2 4 6 8 10 12 14 

VIN - ANALOG INPUT (VOLTS) 

* THEORETICALLY, LEAKAGE CURRENT WILL CONTINUE TO DECREASE BELOW +2SoC. BUT DUE TO ENVIRONMENTAL 
CONDITIONS, LEAKAGE MEASUREMENTS BELOW THIS TEMPERATURE ARE NOT REPRESENTATIVE OF ACTUAL 
SWITCH PERFORMANCE. 
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HI-201HS 

Typical Performance Curves (Continued) 

DIGITAL INPUT LEAKAGE CURRENT vs. TEMPERATURE' 

-20~_+--~--+-~--~--+---~-+--~~ 

1 40r--+--~--+-~---t--+---~-+---t~ 
~ -60 
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-260 VAH1 = 5V-
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SWITCHING TIME VS. TEMPERATURE 
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SWITCHING TIME vs. POSITIVE SUPPLY VOLTAGE 
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LEAKAGE CURRENT vs. ANALOG INPUT VOLTAGE 
(VIN > +14V, VIN < -14V) 
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I-
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-3 

4r-~~+__+--+__+--+__4--4-~ 
-5~_+__t+--+____j~_+--+--+_--j--_1 

-6f-_+__t+--+_---jf-_+- V+ = +1SV -
--7 V-=-15V 

TA=+250C 
-B~_+__t+--+____jf--+-ISOFF_VD = OV -

_;: IOOFF-VS=~V _ 

-16.0 -15.5 -15.0 -14.5 -14.0 +14.0 +14.5 +15.0 +15.5 +16.0 
VIN - ANALOG INPUT (VOLTS) 

SWITCHING TIME vs. POSITIVE AND NEGATIVE 
SUPPLY VOLTAGE 

350 
RIL = • .' 

300 I--~L = 35pF 
TA=250C 

roo 
w 200 :;; 
>= 
'" .50 z 
:;: 
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....... 
~ 
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\ 
I- '00 ~ ........... ~ b- to~F' 

50 
'~N 

is ±6 ±7 ±8 ±9 ±10 ±ll ±12 ±13 ±14 ±15 
V+, v- - POSITIVE AND NEGATIVE SUPPLY (VOLTS) 

SWITCHING TIME VS. NEGATIVE SUPPLY VOLTAGE 

350 

V~ = +,Jv 
200 t-- RL = 1Kn 

Cl = 35pF 

1250 
w 

! 200 

~ 150 

:= 
~ '00 

50 

o 
5 

TA:25OC 

r-.... 
i\. ........... r-- tQFF2 

'\ 

"i'--.., 
toJF' 

toN 
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V - NEGATIVE SUPPLY (VOLTS) 

, THEORETICALLY, LEAKAGE CURRENT WILL CONTINUE TO DECREASE BELOW +250 C. BUT DUE TO ENVIRONMENTAL 
CONDITIONS, LEAKAGE MEASUREMENTS BELOW THIS TEMPERATURE ARE NOT REPRESENTATIVE OF ACTUAL 
SWITCH PERFORMANCE. 
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HI-201HS 

Typical Performance Curves (Continued) 

SWITCHING TIME vs. INPUT LOGIC AMPLITUDE 

350 

v+ = +15V \ 
300 

1 
250 w 

:; 

~y-=-15V 
RL'" 1K.Q 
CL = 35pF 

r-~::;~~ 
;: 
co 200 z 
i 
~ 150 "- toFF2 

~ 
"- 100 

50 to~Fl 
toN 

1.82 

VAH - DIGITAL INPUT AMPLITUDE (VOLTS) 

CHARGE INJECTION VS. ANALOG INPUT 
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OFF ISOLATION vs. FREQUENCY 
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INPUT SWITCHING THRESHOLD VS. POSITIVE AND 
NEGATIVE SUPPLY VOLTAGES 

in 3.0 t-.... 
0 
~ 2.5 ., 
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0 
:t: 2.0 
~ 1.8 a: 
:t: 
t- 1.5 

" a 
'3 1.0 
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.5 ;!; 

:t: 
0 ~ 

> 5 10 11 12 13 
±V - POWER SUPPLY VOLTAGE (VOLTS) 

CAPACITANCE VS. ANALOG INPUT 
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CROSSTALK VS. FREQUENCY 
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HI-201HS 

Switching Characteristics 

SWITCHING CHARACTERISTICS vs.INPUT VOLTAGE 

Typical delay, tON, tOFF, settling time and switching transi· 
ents in this circuit. 

N 

LOGIC 
INPUT 

V+'" +15V 

GND V·=·15V 

OUT Vo 

RL 

lK 
I~F 

If RL or CL is increased, there will be corresponding 
increases in rise and/or fall RC times. 

Vo - OUTPUT SWITCHING WAVEFORMS 

+10 

+5 +5 

o VIN = +10V 0 

+5 

o VIN = ov 0 

-5 -5 
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HI-201HS 

Switching Characteristics (Continued) 

Vo - OUTPUT SWITCHING WAVEFORMS 

Application Information 
LOGIC COMPATIBILITY 

The HI-201 HS is TTL compatible. Its logic inputs (Pins 1, 8, 
9, 16) are designed to react to digital inputs which exceed a 
fixed, internally generated TTL switching threshold. The HI-
201 HS can also be driven with CMOS logic (0-15V), 
although the switch performance with CMOS logic will be 
inferior to that with TTL logic (0-5V). 

The logic input design of the HI-201 HS is largely responsi­
ble for its fast switching speed. It is a design which features 
a unique input stage consisting of complementary vertical 
PNP and NPN bipolar transistors: This design differs from 
that of the standard HI-201 product where the logic inputs 
are MaS transistors. 

Although the new logic design enhances the switching 
speed performance, it also increases the logic input leakage 
currents. Therefore, the HI-201 HS will exhibit larger digital 
input leakage currents in comparison to the standard 
HI-201 product. 

CHARGE INJECTION 

Charge injection is the charge transferred, through the inter­
nal gate-to-channel capacitances, from the digital logic 
input to the analog output. To optimize charge injection 
performance for the HI-201 HS, it is advisable to provide a 
TTL logic input with fast rise and fall times. 

If the power supplies are reduced from ±15V, charge injec­
tion will become increasingly dependent upon the digital 
input frequency. Increased logic input frequency will result 
in larger output error due to charge injection. 

= -IOV 

POWER SUPPLY CONSIDERATIONS 

The el.ectrical characteristics specified in this data sheet are 
guaranteed for power supplies ±VS = ±15V. Power supply 
voltages less than ±15V will result in reduced switch per­
formance. The following information is intended as a design 
aid only: 

POWER SUPPLY VOLTAGES SWITCH PERFORMANCE 

±12 < ±VS ±15V Minimal Variation 
±VS<±12V Parametric Variation becomes 

Increasingly Large 
(Increased ON Resistance, 
Longer Switching Times). 

±VS<±10V Not Recommended. 
±VS>±16V Not Recommended. 

SINGLE SUPPLY 

The switch operation of the HI-201 HS is dependent upon 
an internally generated switching threshold voltage 
optimized for ±15V power supplies. The HI-201 HS does 
not provide the necessary internal switching threshold in a 
single supply system. Therefore, if single supply operation 
is required, the HI-300 series of switches is recommended. 
The HI-300 series will remain operational to a minimum 
+5V single supply. 

Switch performance will degrade as power supply voltage 
is reduced from optimum levels (±15V). So it is 
recommended that a single supply design be thoroughly 
evaluated to ensure that the switch will meet the require­
ments of the application. 

For Further Information See Application Notes 520, 521, 531, 532, 543 and 557 in Section 10 of Data Book. 
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Schematic Diagrams 

TTL/CMOS REFERENCE CIRCUIT 

Vee 

DIGITAL INPUT AND 
LEVEL SHIFTER 

REPEAT FOR EACH , 
LEVEL SHIFTER 

HI-201HS 
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tlJHARRlS 

Features 
• Analog Signal Range (±1SV Supplies) ••••••••••••• ±1SV 
• Low Leakage (Typical @ +2S0C) •••••.••••••••••• 40pA 
• Low Leakage (Typical @ +12S0 C) ••••••••••.•••••• 1 nA 
• Low On Resistance (Typical @ +2S0 C) .•.•••.•••••• 3SO 
• Break-Before-Make Delay (Typical) •••••••••••••• 60ns 
• Charge Injection •••••••••••••..•.••..•.••.•.••.•• 30pC 
• TTL, CMOS Compatible 
• Symetrical Switch Elements 
• Low Operating Power. • • . • . • • • • . • • • • • • • • • • . • . •• 1.0mW 

(Typical for HI-3OO - 303) 

Functional Diagram 

,-------os 

IN 

o 

TYPICAL SWITCH 300 SERIES 

Pinouts (SWITCH STATES ARE FOR A LOGIC "1" INPUT) 
DUAL SPST HI-300 & HI-304 

NC 1 

LOGIC 

0 

NC 1 

DIP 
TOP VIEWS 

METAL CAN 

14 v+ V+ 

GND 

SWITCH * The substrate and case are inter~ 

OFF 
nally tied to V-. (The case should 
not be used as the V- connection, 

ON however.) 

DUAL DPST HI-302 & HI-306 
TOP VIEW 

DIP 

14 V+ LOGIC SWITCH 

0 OFF 

1 ON 

HI-300 fhru 
HI-307 

CMOS Analog Switches 

Applications 
• Sample and Hold i.e. Low Leakage Switching 
• Op Amp Gain Switching i.e. Low On Resistance 
• Portable, Battery Operated Circuits 
• Low Level Switching Circuits 
• Dual or Single Supply Systems 

Description 
The HI-300 through HI-307 series of switches are monolithic 
devices fabricated using CMOS technology and the Harris 
dielectric isolation process. These switches feature break­
before-make switching, (HI-301, 303, 30S & 307 only), low and 
nearly constant ON resistance over the full analog signal range, 
and low power dissipation, (a few milliwatts for the HI-3OD -
303, a few hundred microwatts for the HI-304 - 307). 

The HI-300 - 303 are TTL compatible and have a logic "0" con· 
dition with an input less than O.BV and a logic "1" condition with 
an input greater than 4.0V. The HI-304 - 307 switches are 
CMOS compatible and have a low state with an input less than 
3.SV and a high state with an input greater than 11V. (See 
pinouts for switch conditions with a logic "1" input.) 

All the devices are available in a 14 pin Epoxy or Ceramic DIP. 
The HI-300, 301, 304 and 30S are also available in a 10 pin 
Metal Can. Each of the switch types are available in either the 
-SSoC to +12SoC or OOC to +7S0 C operating ranges. 

LOGIC 

0 

1 

NC 1 

DIP 

SW1 

OFF 

ON 

SPOT HI-301 & HI-30S 
TOP VIEWS 

METAL CAN 
v+ 

GND 

SW2 * The substrate and case are inter-

ON 
nally tied to V-. (The case should 
not be used as the V- connection, 

OFF however.) 

DUAL SPDT HI-303 & HI-307 
TOP VIEW 

DIP 

14 V+ 
LOGIC 

o 
1 

SW1 
SW2 

OFF 

ON 

SW3 
SW4 

ON 

OFF 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HI-300 - HI-30 7 

Absolute Maximum Ratings (Note 1) Operating Temperature Range 
Voltage Between Supplies. . . . . . . . . . . . . . . . . . . . . . . . .. 44V (±22) HI-3XX-2 ................................. -550C to +1250C 
Digital Input Voltage .......................... +VSUPPL Y +4V 

-VSUPPL Y -4V 
HI-3XX-5 ..................................... OOC to + 750C 
Storage Temperature ........................ -650C to + 1500C 

Analog Input Voltage ........................ +VSUPPL Y +1.5V 
-VSUPPLY -1.5V 

Total Power Dissipation' 14 Pin Epoxy DIP ............ 526mW 
14 Pin Ceramic DIP. . . . . . . . .. 588mW 
10 Pin Metal Can' ........ . .. 435mW 

'Derate 6.9mW/OoC Above T A = + 700C 

Electrical Specifications Unless Otherwise Specified: Supplies = +15V, -15V; VIN = Logic Input. 
HI-300-303: VIN - for Logic "1" = 4V, for Logic "0" = 0.8V 
HI-304-307: VIN - for Logic "1" = 11 V, for Logic "0" = 3.5V 

-550CTo+1250C OOCTo +750C 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

ANALOG SWITCH CHARACTERISTICS 

Analog Signal Range Full -15 - +15 -15 - +15 V 
RON, On Resistance (Note 2) +250C - 35 50 - 35 50 n 

Full - 40 75 - 40 75 n 
IS(OFF), Off Input Leakage Current (Note 3) +250C - 0.04 1 - 0.04 5 nA 

Full - 1 100 - 0.2 100 nA 
ID(OFF), Off Output Leakage Current (Note 3) +250C - 0.04 1 - 0.04 5 nA 

Full - 1 100 - 0.2 100 nA 
ID(ON), On Leakage Current (Note 4) +250C - 0.03 1 - 0.03 5 nA 

Full - 0.5 100 - 0.2 100 nA 

DIGITAL INPUT CHARACTERISTICS 

VINL, Input Low Level' Full - - 0.8 - - 0.8 V 
VINH, Input High Level' Full 4 - - 4 - - V 
VINL, Input Low Level" Full - - 3.5 - - 3.5 V 

VINH, Input High Level" Full 11 - - 11 - - V 

IINL, Input Leakage Current (Low) (Note 5) Full - - 1 - - 1 MA 
IINH, Input Leakage Current (High) (Note 5) Full - - 1 - - 1 MA 
SWITCHING CHARACTERISTICS 

tOPEN, Break-Before Make Delay'" +250C - 60 - - 60 - ns 
tON, Switch On Time' +250C - 210 300 - 210 300 ns 
tOFF, Switch Off Time' +250C - 160 250 - 160 250 ns 
tON, Switch Off Time" +250C - 160 250 - 160 250 ns 
tOFF, Switch Off Time" +250C - 100 150 - 100 150 ns 
"Off Isolation" (Note 6) +250C - 60 - - 60 - dB 
Charge Injection (Note 7) +250C - 3 - - 3 - mV 
CS(OFF), Input Switch Capacitance +250C - 16 - - 16 - pF 
CD(OFF), Output Switch Capacitance +250C - 14 - - 14 - pF 
CD(ON), Output Switch Capacitance +250C - 35 - - 35 - pF 
CIN, (High) Digital Input Capacitance +250C - 5 - - 5 - pF 
CIN, (Low) Digital Input Capacitance +250C - 5 - - 5 - pF 

POWER REQUIREMENTS 

1+, Current' (Note 8) +250C - 0.09 0.5 - 0.09 0.5 rnA 
Full - - 1 - - 1 rnA 

1-, Current' (Note 8) +250C - 0.01 10 - 0.01 100 MA 
Full - - 100 - - - ~A 

1+, Current' (Note 9) +250C - 0.01 10 - 0.01 100 MA 
Full - - 100 - - - MA 

1-, Current' (Note 9) +250C - 0.01 10 - 0.01 100 ~A 
Full - - 100 - - - MA 

1+, Current" (Note 1 0) +250C - 0.01 10 - 0.01 100 MA 
Full - - 100 - - - MA 

1-, Current" (Note 1 0) +250C - 0.01 10 - 0.01 100 MA 
Full - - 100 - - - MA 

1+, Current" (Note 11) +250C - 0.01 10 - 0.01 100 MA 
Full - - 100 - - - MA 

1-, Current" (Note 11) +250C - 0.01 10 - 0.01 100 MA 
Full - - 100 - - - MA 

'HI-3(J() Thru HI-303 Only; "HI-304 Thru HI-3D? Only; "'HI-3D1, HI-3D3, HI-3D5, HI-3D? Only 
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HI-300 - HI-30 7 

Electrical Specifications Notes: 

1. As with all semiconductors, stresses listed under "Absolute Maximum 
Ratings" may be applied to devices (one at a time) w~hout resulting in 
permanent damage. This is a stress rating only. Exposure to absolute 
maximum rating conditions for extended periods may affect device reli­
ability. The conditions listed under "Electrical Specijications" are the 
only conditions recommended for satisfactory operation. 

2. Vs = ±10V, lOUT = -10mA. On resistance derived from the voltage 
measured across the switch under the above conditions. 

3. Vs = ±14V, VD = ±14V. 

4. Vs = VD = ±14V. 

5. The digital inputs are diode protected MOS gates and Iypicalleakages 
of 1 nA or less can be expected. 

Test Circuits 
SWITCHING TEST CIRCUIT (tON. tOFF) 

SWITCH TYPE VINH 

HI-300 thru HI-303 4V 

HI-304 thru HI-307 15V 

Vo 

lOGIC "'" = SWITCH ON 

lOGIC~VINH 
INPUT 50% 

OV , 

Vs ~ 

l /:90% 
OV ---;.,"' I 

SWITCH 
OUTPUT -iIONl-

t 50% 

~ I , 
I 
I 
I 
I 

--t IOFF I--

SWITCH 
OUTPUT 

6. Vs = 1VRMS, f = 500kHz, CL = 15pF, RL = 1k. 

7. Vs = OV, CL = 10,OOOpF, Logic Drive = 5V pulse. (HI-3DO - 303) 
Sw~ches are symmetrical; Sand D may be interchanged. 
Logic Drive = 15V (HI-304 - 307). 

8. VIN = 4V (One Input) (All Other Inputs = OV). 

9. VIN = O.BV (All Inputs). 

10. VIN = 15V (All Inputs). 

11. VIN = OV (All Inputs). 

12. To drive from DTLfTTL circuits, pull-up resistors to +5V supply are 
recommended. 

BREAK-BEFORE-MAKE TEST CIRCUIT (tBBM) 

SWITCH TYPE VINH 

HI-301, HI-303 5V 

HI-305, HI-307 15V 

+15V 
v+ 

S, 
vS1 = +3V 0--\--0..._ O-+-<>-----~-~-o OUT' 
vS2 B +3V 

lOGIC 
INPUT 

S2 

V­

-'5V 

lOGIC lOGIC "'" = SWITCH ON 

INPUT VINHI 

OV---...J· 

r r 
Rl' = Rl2-3000 
CLIo el2· 33pf 

OV ______ J.{5O% k- OUT' 

I : 

SWITCH -----,\.5 : i .c., 50% OUT 2 
OUTPUT Ov~5O%~-+: ________ ~I~IT~ 

ts8M ~ i--- -1 t-taaM 
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HI-300 - HI-30 7 

Typical Performance Curves 

ROSION) vs. VD AND 
TEMPERATURE 

',~. --:_;,,--t~--t.-~ .. "-----".,".--d~. 
YD.DfWN~TAIK(VOLTSI 

DEVICE POWER DISSIPATION 
VS. SWITCHING FREQUENCY 

SINGLE LOGIC INPUT 

.,,-+_~--±-_-±H_'_~U!-;;!;;-=-:,. 
1 10 100 ,. 'Ok'" 1M 
LOGIC IIIffTCtHNG 'UOUENCY !Ib) 

_IKRYCYCLE 

IS(OFF) OR ID(OFF) 
VS. TEMPERATURE * 

"'.~---;\",.----",.~----' 
n.'I!IIA'IUM_tC 

RDS(ON) VS. VD AND 
POWER SUPPLY VOLTAGE 

211 A Y+-+1IV, '1--.111\1 
• Y+-+1M/'. y·-·,av C '1+-+,." V-··'''' 

!,. D y~~.." V:-.fIV 0 4 

YD-OIItAINVOLTABEIVOLTai 

OFF ISOLATION 
VS.FREQUENCY 

ID(ON) VS. TEMPERATURE * 

' .. ~~ 
~:~:. 
1'101 -IVsI- '4'1 

.. '~./~ 

'''.~--,;"c---,,;l;.,.----' 
T-~IIATURE.-cl 

.. The net Jeakage into the source or drain is the n-channelleakege minus the p-channelleakage. This difference can be positive, 
negative, or zero depending 00 the analog voltage and temperature, and will varygreat1v from unitt o unit. 

OUTPUT ON CAPACITANCE 
VS. DRAIN VOLTAGE 

DIGITAL INPUT CAPACITANCE 
VS. INPUT VOLTAGE 
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Typical delay, rise, fall, settling times, and switching trans­
jenninthiscircuir. 

+15VQ 
I V+ 

RGEN"O 5 D 

~VGEN j RI... leI... 1 ,-_'ON-+_..h.-'I __ J 10Kn Il0PF 

- : ~ L--,-y--,....., -=-
:lOGIC _~_ 6GG'ND! v_ 

..J- -15V 

If RGEN, Rl or Cl is increased, there wilt be proportional 
increases in rise and/or faU RC times. 

I 
I 

"H-+++r-1HH-+-l 
"H-+++f-:c~'H, .... '=:'~L...N-'H-'''''Y 
:~~ 

'j"t'i 
I 
I 

·"H-+++~t: .. ~,"',.:!o::"Y 
".~~~ M"" VGEN" tlW 

D D.II D.S 1.2 1.8 

I-Tim.I",) 
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C'? 
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HI-300 - HI-30 7 

Typical Performance Curves (Continued) 

SWITCHING TIME VS. SWITCHING TIME VS. SWITCHING TIME VS. 
TEMPERATURE 

HI-300 'hru HI-303 
TEMPERATURE 

HI-304.hru HI-307 
NEGATIVE SUPPLY VOLTAGE 

HI-300 .hru HI-303 

SWITCHING TIME ANO BREAK 
BEFORE MAKE TIME VS. 

POSITIVE SUPPLY VOLTAGE 
HI-300 tllru HI-303 

V+-+IIV J-Y ___ IIV 

..... 1-VINH-4.OV .......... VtNl-OV 

~ ..... ~ 
1-1-..... 

f-1-1-

" 

V.-.,SV 

I 
V---1SV 

~:=~:~fN 

I-r-F ..... 1-
1-..... 

-~ r--
... , 

I r I-- '11+-15'11 . ." . " 11& • •• 06 1211 

SWITCHING TIME VS. 
POSITIVE SUPPL Y VOLTAGE 

HI-304 thru HI-307 

I---+--~~:: 
1--...... -- ~::~=: 

II 10 '1 
V. POIITIVEIIWI'LYVOLTAGi!V! 

-66-3& -'1 . .. .. . . ,., . 
T.TEWEAATUAEIIICI 

SWITCHING TIME VS. 
NEGATIVE SUPPLY VOLTAGE 

HI-304 .hr" HI-307 

o I> ,D Iii 
v_ NEGATM .... LY VOLTAGE IV! 

Schematic Diagrams 
SWITCH CELL ------------, 

DIGITAL INPUT BUFFER 
AND LEVEL SHIFTER 

• ____________ --J 

r,,-8IIC 
VIf~H·4V VINL"j . " V_ NEGATIVE ..... L Y (VOLTS! 

'" 

. 

· 1" · · Y. __ '\IV 

T ... ·..c 
Vn.H-MJII/ · YINL-W 

· 1\ 
\,. · "" -- ... , :::::----ONLY . .. 

Y.~IYE"""YM 

INPUT SWITCHING THRESHOLO 
VS. POSITIVE SUPPLY VOLTAGE 

HI-300 thr" HI-307 

o Ii '0 II 
V+ PGIITM ..... LYVOlTAm;CVOLTSI 

v+O----~---+_---.---~~--_1~----_.---_e---_.-_4-----~ 

D2A 

2000 
LOGIC IN D----II."I'--+---i 

DIA 

GNDo-----+------..... ------~-----J 

v·o------*------------------------~~------_4----__ ~----~--+_--~ 
SWITCH CELL I DRIVER 

(ONE PER SWITCH CELL) 



mHARRIS 

Features 
• Analog Signal Range (±15V Supplies) ••..•.••.•••• ±15V 
• Low Leakage (Typical @ +250C) ••••••••.••.•.•.• 40pA 
• Low Leakage (Typical @ +1250 C) ................. 1 nA 
• Low On Resistance (Typical @ +250 C) •....•..•.••• 350 
• Break-Before-Make Delay (Typical) .••....•.••.•• 60ns 
• Charge Injection ................................. 30pC 
• TTL Compatible 
• Symetrical Switch Elements 
• Low Operating Power. • . • • • .. .. • • .. • . • . . • • • . . •. 1.0mW 

Functional Diagram 

r------o()s 

IN 

'-------t~O 0 

TYPICAL SWITCH 300 SERIES 

Pinouts (SWITCH STATES ARE FOR A LOGIC "1" INPUT) 

DUAL SPST HI-381 

DIP 

LOGIC 

o 

DIP 

SW1-2 

OFF 

ON 

TOP VIEWS 
METAL CAN 

NC 

* The substrate and case are inter­
nally tied to V-. (The case should 
not be used as the V- connection, 
however.) 

DUAL DPST HI-384 
TOP VIEW 

LOGIC SW1-4 

0 OFF 

1 ON 

HI-381/384/ 
387/390 

CMOS Analog Switches 

Applications 
• Sample and Hold i.e. Low Leakage Switching 
• Op Amp Gain Switching i.e. Low On Resistance 
• Portable Battery Operated Circuits 
• Low Level Switching Circuits 
• Dual or Single Supply Systems 

Description 
The HI-381 through HI-390 series of switches are monolithic 
devices fabricated using CMOS technology and the Harris 
dielectric isolation process. These devices are TTL compatible 
and are available in four switching configurations. (See device 
pinout for particular switching function with a logic "1" input.) 

These switches feature low leakage and supply currents, low 
and nearly constant ON resistance over the analog signal 
range, break-before-make switching and low power diSSipa­
tion. 

The HI-381 and HI-387 switches are available in a 14 pin 
Epoxy or Ceramic DIP or 10 pin Metal Can. The HI-384 and 
HI-390 are available in a 16 pin Epoxy or Ceramic DIP. Each of 
the individual switch types are available in the -550C to 
+1250 C and DOC to +750 C operating ranges. 

LOGIC 

o 

SW1 

OFF 

ON 

DIP 

SPDT HI-387 
TOP VIEWS 

METAL CAN 

D, 

SW2 

ON 

OFF 

* The substrate and case are inter­
nally tied to V-. (The case should 
not be used as the V- connection, 
however.) 

DUAL SPOT HI-390 
TOP VIEW 

SW1 SW3 
LOGIC SW2 SW4 

0 OFF ON 

ON OFF 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HI-381/384/38 7/390 

Absolute Maximum Ratings (Note 1) Operating Temperature Range 
Voltage Between Supplies .......................... 44V (±22) HI-3XX-2 ................................. -550C to +1250C 
Digital Input Voltage .......................... +VSUPPL Y +4V 

-VSUPPL Y -4V 
HI-3XX -5 ..................................•.. OOC to + 750C 
Storage Temperature .... , .. , ................ -650C to +1500C 

Analog Input Voltage ........................ +VSUPPLy+l.5V 
-VSUPPLY -1.5V 

Total Power Dissipation* 14 Pin Epoxy DIP ............ 526mW *Derate 6.9mWfOC Above TA = +700C 
14 Pin Ceramic DIP .......... 588mW 
16 Pin Epoxy DIP. . . . . . . . . . .. 625mW 
16 Pin Ceramic DIP. . . . . . . . .. 685mW 
10 Pin Metal Can* ........... 435mW 

Electrical Specifications Unless Otherwise Specified: Supplies = +15V. -15V; VIN = Logic Input. 
VIN for Logic "1" = 4V. for Logic "0" = 0.8V 

-550C to +1250C OOCto+750C 

PARAMETER TEMP MIN TYP MAX MIN TYP 

ANALOG SWITCH CHARACTERISTICS 

Analog Signal Range Full -15 - +15 -15 -
RON. On Resistance (Note 2) +250C - 35 50 - 35 

Full - 40 75 - 40 

IS(OFF). Off Input Leakage Current (Note 3) +250C - 0.04 1 - 0.04 

Full - 1 100 - 0.2 

ID(OFF). Off Output Leakage Current (Note 3) +250C - 0.04 1 - 0.04 

Full - 1 100 - 0.2 

ID(ON). On Leakage Current (Note 4) +250C - 0.03 1 - 0.03 

Full - 0.5 100 - 0.2 

DIGITAL INPUT CHARACTERISTICS 

VINL. Input Low Level Full - - 0.8 - -
VINH. Input High Level Full 4 - - 4 -
IINL. Input Leakage Current (Low) (Note 5) Full - - 1 - -
IINH. Input Leakage Current (High) (Note 5) Full - - 1 - -
SWIT~HING CHARACTERISTICS 

tOPEN. Break-Before Make Delay (HI-387/390 Only) +250C - 60 - - 60 

tON. Switch On Time +250C - 210 300 - 210 

tOFF. Switch Off Time +250C - 160 250 - 160 

"Off Isolation" (Note 6) +250C - 60 - - 60 

Charge Injection (Note 7) +250C - 3 - - 3 

CS(OFF). Input Switch Capacitance +250C - 16 - - 16 

CD(OFF). Output Switch Capacitance +250C - 14 - - 14 

CD(ON). Output Switch Capacitance +250C - 35 - - 35 

CIN. (High) Digital Input Capacitance +250C - 5 - - 5 

CIN. (Low) Digitallnpul Capacitance +250C - 5 - - 5 

POWER REQUIREMENTS 

1+. Current (Note 8) +250C - 0.09 0.5 - 0.09 

Full - - 1 - -
1-. Current (Note 8) +250C - 0.Q1 10 - 0.01 

Full - - 100 - -
1+. Current (Note 9) +250C - 0.Q1 10 - 0.01 

Full - - 100 - -
1-. Current (Note 9) +250C - 0.01 10 - 0.Q1 

Full - - 100 - -
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ns 

ns 
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IJA 
IJA 
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HI-381 /384/387/390 

Electrical Specifications Notes: 

1. As with all semiconductors, stresses listed under "Absolute Maximum 
Ratings" may be applied to devices (one at a time) w~hout resulting in 
permanent damage. This is a stress rating only. Exposure to absolute 
maximum rating conditions for extended periods may affect device reli­
abilHy. The conditions listed under "Electrical Specifications" are the 
only conditions recommended for satisfactory operation. 

2. Vs = ±10V, lOUT = -10mA. On resistance derived from the voltage 
measured across the switch under the above conditions. 

3. Vs = ±14V, Vo = ±14V. 

4. Vs = Vo = ±14V. 

Test Circuits 
SWITCHING TEST CIRCUIT (tON. tOFF) 

SWITCH TYPE 

HI-381 thru HI-390 5V 

LOGIC "'" '" SWITCH ON" 

LOGIC ov VINH r 50% 1: 50% 
INPUT -..:..::.::.:.. Jf-------

SWITCH ~ 
OUTPUT OV ,: : : 

-ltoN I- -I toFF I--

'INVERTED LOGIC FOR HI-381 

5. The dig~al inputs are diode protected MaS gates and typical leakages 
of 1 nA or less can be expected. 

6. Vs = 1 VRMS, f = 500kHz, CL = 15pF, RL = 1 k, CL = CFIXTURE + 
CPROBE, "ott isolation" = 20Log VsNo· 

7. Vs = OV, CL = 10,OOOpF, Logic Drive = 5V pulse. Sw~ches are 
symmetrical; Sand 0 may be interchanged. 

8. VIN = 4V (One Input) (All Other Inputs = OV). 

9. VIN = O.8V (All Inputs). 

10. To drive from OTLmL circuits, pull-up resistors to +5V supply are 
recommended. 

BREAK-BEFORE-MAKE TEST CIRCUIT (tBBM) 

SWITCH TYPE 

HI-387, HI-390 

+1SV 

V+ 

5V 

VST '" +3V 
VS2= +3V 

O-~--()...~ 0-+-<>------.,.--.,.-0 OUT 1 

LOGIC 
INPUT I r 

LOGIC LOGIC "1" SWITCH ON 
Rl1 = Rl2=300n 
Cl1 =CL2=33pF 

INPUT VINH r-----l 
ov----l L-

i':,50% \..50% Ov __________ -J· ~OUT1 

SWITCH 
OUTPUT 

I :, .r.::, 50% OUT 2 

ov~5O%~~!-------------;,--'I:~~ 
tBBM --t r- ~ f-- tBBM 
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HI-381/384/387/390 Typical Performance Curves 

RDS(ON) VS. VD AND 
TEMPERATURE 

V+"+15V 
V- .. -15V 

t- -r--: r:::::: ,...., ::::::: f::::= t--i-- ....., -
..fi 0 -Hi 10 . 

Vo - DRAIN VOLTAGE (VOLTSI 

DEVICE POWER DISSIPATION 
VS. SWITCHING FREQUENCY 

SINGLE LOGIC INPUT 

II 

"O~/m m'~ 

1 10 100 lK 10K lOOK 
LOGIC SWITCHING FREQUENCY (Hzl 

!iO% DlfTY CYCLE 

. " 

,'" 

o 40 

RDS(ON) VS. VD AND 
POWER SUPPL Y VOLTAGE 

A V+-+l6Y, V---lIiV 
B Y+-+l0V. V---1OV 
C V+-+7.fN. V---1.fiV 

~~,_D~V~~~~.~~'~V~~-~-'=V~.L-__ J~~ __ .J,.~ __ .~" 

"'-

Vo - DRAIN VOLTAGE (VOLTSI 

OFF ISOLATION 
VS. FREOUENCY 

I 
i'--..." ~-''''nl 
f-----RL-'~ 

V+"+15J. V-"-15V T 
CLOAO-3I1pF 
VS"WRMS 

,06 107 ,08 
f - FREQUENCY (Hz! 

ISOFF OR IDOFF VS. TEMPERATURE*. IDON VS. TEMPERATURE* 

~ 
o 

10 . • 
= ~~:~i:~ 

0 

1/ 

., / 

, 

, 

~~::~~~v 
~ IVol -lvsl'" 14V 

, 

, •• " 

./ 

/ 

" 12' T - TEMPERATURE lOCI 

* The net leakage into the source or drain is the n~channelleakage minus the p-channelleakage. This difference can be positive, 
negative, or zero depending on the analog voltage and temperature, and will vary greatly from unit to unit. 

OUTPUT ON CAPACITANCE 
VS. DRAIN VOLTAGE 

20 0 2 4 6 8 10 12 1416 
Vo - DRAIN VOLTAGE (VOL.TS) 
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DIGITAL INPUT CAPACITANCE 
VS. INPUT VOLTAGE 

"f-+-+-+--1I-+--+-+-i 

2 4 6 8 1012 14 
""N ~ INPUT VOLTAGE (VOLTS) 



HI-381 /384/387/390 Typical Performance Curves (Continued) 

SWITCHING TIME vs. TEMPERATURE 
Typical delay, rise, fall, settling times, and switching trans-
ients in this circuit. 

HI-3B1 THRU HII-390 + 15VJ 
300 

v, 
V+-+15V 

RGENCO S V---15V -- 0 
VINH-4.0V ~ ] VINL-OV 'ON.-~ ~ ±VGEN l R;i ~CL • 200 

I-- f--c -- -;;; f- f- 1 ~~_J lOKO-=- 110" 0 c.-z - f-
~ -:1 ~ ~ 

'00 

VLOGIC -=- rNO L -
-15V 

0 
-55 -" -" , 

" " '" 85 'os '" T - TEMPERATURE IOC~ If RGEN, AL or CL is increased, there will be proportional 
increases in rise and/or fall RC times. 

SWITCHING TIME vs. POSITIVE SUPPLY VOLTAGE 
~ 6 HL-~4lhruLI-;90 

HI-381 THRU HI-390 ~ -h 
4 HI-381 INVERTED 

,. ~ LOGIC 

i 2 ... 0 

v- --15V 
U >--J LOre tP'f - U - § ~ 

TA-26OC 
VLNH-4V , 

U VLNL-OV -
Z I I ! 0 

z 
'.0 \ -> I ! i 

~ \ 
~ 0.8 

~ 
0.' I I I 

a "" 'ON I ~ I 1 " z 0.' 

~ '10 II I r--£' '0" ~SEE NOTE 

0.' " I:::-: VGEN -10V 
0 

0 , 
" --" 

y, POSITIVE SUPPLY (V) 

SWITCHING TIME VS. NEGATIVE SUPPLY VOLTAGE 
HI-3B1 THRU HI-390 

" .,. 
J ..... b 

] -~ 0 

~ r-- 1-1 VGr i,v l , 
u "'" I I z 
'i' 
~ 'O" 

~ • ~ 
100- V+ .. +16V 0 

a TA'"25OC ? 
" VINH-+4.0V 
Z V'NL-i w 
£' '" « 

':; " 0 , 
" " 0 

V- NEGATtVESUPPt..YVOLTAGEIVOLTSj > 0 ,.. 
-5 t-iG'iT ~ ,.. 

INPUT SWITCHING THRESHOLD vs. :J I 
POSITIVE SUPPLY VOLTAGE ~ 

HI-381 THRU HI-390 0 
> 

7 

V---1SV J 
8 

TA-26OC 

, 
0 

1 . 
-5 

3 
VGEN "'-5V 

I , 
l HL-381 thruHI-390 , 

0 . " " y, POSITIVE SUf'l>l Y VOLTAGE (VOLTS} 

0 

T P 
-5 

1 1 ->0 
VGEN ~ -lOV 

I 
0 0.4 O.S ,., '.6 

t-TIME l~sl 

* NOTE: The turn-off time is primarily limited 
here by the RC time constant (lOOns) of the 
load. 
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HI-381 /384/387/390 

Schematic Diagrams 

IN 

A ________________ ---' 

DIGITAL INPUT BUFFER 
AND LEVEL SHIFTER 

V· 

02A 

20Dl! 
lOGIC IN 

O1A 

GNO 

v· 
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m HARRIS HI-5040 fhru HI-5051 
HI-5046A and HI-5047A 

Features 

• Wide Analog Signal Range .................... ±15V 

• Low "ON" Resistance (Typical) ................ 250 

• High Current Capability (Typical) . . . . . . . . . . . .. 80mA 

• Break-Before-Make Switching 
• Turn-On Time (Typical) ................... 370ns 

• Turn-Off Time (Typical) . . . . . . . • . . . • . . . . . .. 280ns 

• No Latch-Up 

• Input MOS Gates Are Protected From Electrostatic 
Discharge 

• DTL, TTL, CMOS, PMOS Compatible 

Applications 

• High Frequency Switching 

• Sample and Hold 

• Digital Filters 

• Operational Amplifier Gain Switching 

Functional Description 

PART NUMBER TYPE RON 

HI-5040 SPST 75!l 

HI-5041 DUALSPST 75!l 

HI-5042 SPDT 75!l 

HI-5043 DUALSPST 75!l 

HI-5044 DPST 75!l 

HI-5045 DUAL DPST 75!l 

HI-5046 DPDT 75!l 

HI-5046A DPDT 25!l 

HI-5047 4PST 75!l 
HI-5047A 4PST 25!l 

HI-5048 DUALSPST 25!l 

HI-5049 DUAL DPST 25!l 

HI-5050 SPDT 25!l 

HI-5051 DUALSPDT 25!l 

CMOS Analog Switches 

Description 
This family of CMOS analog switches offers low-resistance 
switching performance for analog voltages up to the supply 
rails and for signal currents up to BOmA. "ON" resistance is 
low and stays reasonably constant over the full range of 
operating signal voltage and current. RON remains excep' 
tionally constant for input voltages between +5V and -5V 
and currents up to 50mA. Switch impedance also changes 
very little over temperature, particularly between OOC and 
+ 750 C. RON is nominally 250 for HI-5048 through 
HI-5051 and HI-5046N5047A and 500 for HI-5040 
through HI-5047. 

All devices provide break-before-make switching and are 
TTL and CMOS compatible for maximum application versa­
tility. Performance is further enhanced by Dielectric Isola­
tion processing which insures latch-free operation with very 
low input and output leakage currents (0.8nA at +250 C). 
This family of switches also features very low power opera­
tion (1.5mW at +250 C). 

There are 14 devices in this switch series which are differ­
entiated by type of switch action and value of RON (see 
Functional Diagram). All devices are available in 16 pin DIP 
packages. the HI-5040/5050 switches can directly replace 
HI-5040 series devices and are functionally compatible 
with the DG 180/190 family. Each switch type is available in 
the -550 C to +1250 C and OOC to +750 C performance 
grades. 

Functional Diagram 

TYPICAL DIAGRAM 

__ ~~---os 

A 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HI-5040 Series 

Absolute Maximum Ratings 

Supply Voltage (V+. V-I .................................. 3BV 
VR to Ground ......................................... V+. V-
Digital and Analog Input Voltage ................ +VSUPPL Y +4V 

-VSUPPL Y -4V 
Analog Current (S to D) Continous ....................... 30mA 
Analog Current(S to D) Peak ............................ 80mA 
Total Power Dissipation* ............................. 450mW 

Operating Temperature Range 

HI-50XX-2 ......•.......•................. -550C to +1250C 
HI-50XX-5 ..............................•..... OOCto+750C 
Storage Temperature ....... , ................ -B50C to +1500C 

*Derate BmWfOC Above TA = +750C 

Electrical Specifications Unless Otherwise Specified Supplies = +15V. -15V; VR = OV; VAH (Logic Level High) = 3.0V. 
VAL (Logic Level Low) = +0.8V. VL = +5V For Test Conditions. Consult Performance Characteristics. 
Unused Pins are Grounded. 

PARAMETER 

ANALOG SWITCH CHARACTERISTICS 

Analog Signal Range 

RON. On Resistance (Note 1 a) 

RON. On Resistance (Note 1 b) 

RON. Channei-to-Channel Match (Note 1 a) 

RON. Channei-to-Channel Match (Note 1 b) 

IS(OFF) = ID(OFF). 011 Input or Output 
Leakage Current 

ID(ON). On Leakage Current 

DIGITAL INPUT CHARACTERISTICS 

VAL. Input Low Threshold 

V AH. Input High Threshold 

IA.lnput Leakage Current (High or Low) 

SWITCHING CHARACTERISTICS 

tON. Switch On Time 

tOFF. Switch 011 Time 
Charge Injection (Note 2) 

"Oil Isolation" (Note 3) 

"Crosstalk" (Note 3) 

CS(OFF). Input Switch Capacitance 

CD(OFF)'} Output Switch Capacitance 
CD(ON). 
CA. Digital Input Capacitance 

CDS(OFF). Drain-To-Source Capacitance 

POWER REQUIREMENTS 

PD. Quiescent Power Dissipation 

1+. +15V Quiescent Current 

1-. -15V Quiescent Current 

IL. +5V Quiescent Current 

IR. Ground Quiescent Current 

NOTES: 

1. VOUT = ±10V. lOUT = 1mA 
a). For HI-5040 thru HI-5047 
b). For HI-5048 thru HI-5051. HI-5046A/5047 A. 

-550 C To +1250 C oOC To +7SoC 

TEMP MIN TYP MAX MIN TYP MAX UNITS 

Full -15 - +15 -15 - +15 V 

+250C - 50 - - 50 - n 
Full - - 75 - - 75 n 

+250C - 25 - - 25 - n 
Full - - 50 - - 50 n 

+250C - 2 10 - 2 10 n 
+250C - 1 5 - 1 5 n 
+250C - 0.8 - - 0.8 - nA 

Full - 100 500 - 100 500 nA 

+250C - 0.Q1 - - 0.Q1 - nA 

Full - 2 500 - 2 500 nA 

Full - - O.B - - 0.8 V 

Full 3.0 - - 3.0 - - V 

Full - 0.Q1 1.0 - 0.Q1 1.0 !lA 

+250C - 370 1000 - 370 1000 ns 

+250C - 280 500 - 2BO 500 ns 

+250C - 5 20 - 5 - mV 

+250C 75 80 - - BO - dB 

+250C 80 88 - - 88 - dB 

+250C - 11 - - 11 - pF 

+250C - 11 - - 11 - pF 

+250C - 22 - - 22 - pF 

+250C - 5 - - 5 - pF 

+250C - 0.5 - - 0.5 - pF 

+250C - 1.5 - - 1.5 - mW 

Full - - 0.3 - - 0.5 mA 

Full - - 0.3 - - 0.5 mA 

Full - - 0.3 - - 0.5 mA 

Full - - 0.3 - - 0.5 mA 

2. VIN = OV. CL = 10.000pF. 
3. RL = 100n. f = 100kHz. VIN = Vp_p• CL = 5pF. 
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HI-5040 Series 

Performance Characteristics and Test Circuits 
Unless Otherwise Specified: TA = +250 C, V+ = +15V, V- = -15V, VL = +5V, VR = OV, VAH = 3.0V and VAL = O.8V 

"ON" RESISTANCE VS. ANALOG SIGNAL LEVEL, 
SUPPLY VOLTAGE AND TEMPERATURE 

lmA 

V2 
RON = lmA 

-m 
V2 

. 
IN OUT 

-:!:-
:!"V'N ~ 

"ON" RESISTANCE vs. ANALOG SIGNAL LEVEL 
AND POWER SUPPLY VOLTAGE 

80 

E 60 .s:: 
0 

I 
w 

V+ = +10V w 
z 

/ V+ = t12V <t V- = 10V .... 40 
'" .......... ~ "'- e:;: ~ V- = -12V c;; 
w ""'- L ex: -l"'- i-- -~ z 
P 20 V+=+15V 

V-=-15V 

I 

0 
-15 -10 -5 0 +5 +10 +15 

ANALOG SIGNAL LEVEL - VOLTS 

NORMALIZED "ON" RESISTANCE vs. TEMPERATURE 

w 
1.2 w 

z I 

;:;<3 V,N = OV 
~~ 1.1 r--"'N L,...-~ ~ + 

0 1.0 k .... 
I----00 ..,..,. w 

~ex: 0.9 
,/ wa: 

NW 

" - u.. ....Iw 0.8 eta: 
:;:-
ex: 
0 0.7 z 

0.6 
-500 -25 0 00 +250 +500 +150 +1000 +125° 

TEMPERATURE - °c 
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HI-5040 Series 

Performance Characteristics and Test Circuits (Continued) 

ON/OFF LEAKAGE CURRENT VS. TEMPERATURE 

500 750 

TEMPERATURE - °C 

NORMALIZED "ON" RESISTANCE VS. ANALOG CURRENT 

LU 
U 
2: 

~ _ 1.3t--+--t-+--+-t--t--t---i 
til'" en E 
LU ~ 
a:o 
• I- 1.2f---t---+-+--+-t--t--t--1 
2:0 

f~ 
oa: 
~~1.1t--+--t-+--+-t--t--t---i 
~g 
~ _VI' 
~ 1.011--+--I-+--t-F+-t---i 

o 20 40 60 80 
ANALOG CURRENT - rnA 

3-40 

OFF LEAKAGE CURRENT VB. TEMPERATURE 

IO(OFF) 18(0 FF) 

A>-+..:.I~N-o OUT A 

±10V-=­
.I. 

-=- ';10V 

~ 

ON LEAKAGE CURRERT VS. TEMPERATURE 

IN ,.. OUT 

~ID(oN) 
~±10V 
.I. 

"ON" RESISTANCE VS. ANALOG CURRENT 



HI-5040 Series 

Performance Characteristics and Test Circuits (Continued) 

-20 

!g -16 
, 

z 
o 
;:: -12 
:'5 
~ 
~ 

~ -B 
o 

-4 

20 

0 

0 

0 

0 

0 

0 

160 

12 0 

BO 

0 

--

-

-

20 0 

~ 16 0 

z 
o 
Ii: 
:E 12 
~ z 
o 
u 

'" 

0 

~ BO 
~ 

0 

O:f, 

"OFF" ISOLATION vs. FREQUENCY 

-. 
RL ~ lOon 

--I--

r--. 
R ~ 10K'?i'1--

1I1111111 

11111111 
10 100 lK 10K lOOK 

FREQUENCY - Hz 

CROSSTALK vs. FREQUENCY 

-r- RL~IOO!1 -- ·~II r--- l11tIi--JJ r--
R L ~ lKH r-.... r- 111111 I I 
1l111t-U 
R L ~ IOK!1 
; 11111 I I 

111l~ j 
10 100 1 K 10K lOOK 

FREQUENCY - Hz 

POWER CONSUMPTION vs. FREQUENCY 

/ 
/ 

/ 
./ --lK 10K lOOK 

TOGGLE FREQUENCY 150% DUTY CYCLE) - Hz 

1M 

1M 

I 
I 

V 

1M 
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"OFF" ISOLATION = 20 IOg(~) 
VOUT 

"CROSSTALK" = 20 IOg(~) 
VOUT 

VOUT 

+10V o--t---oO"..-;--o----+-.., 

-10V 0--+--<1 

TOGGLE 
AT 50% 

DUTY 

+5V +15V -15V 
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HI-5040 Series 

Switch Functions SWITCH STATES ARE FOR LOGIC "1." INPUT 
SPST OUALSPST SPOT 
HI-5040 (750) HI-5041 (750) HI-5042 (750) 

VL V+ VL V+ 
vL V+ 

11 

16 8, 
16 

0, 8, 16 
8 

I 
0, 

, AI _J 
82 02 

, A2 
, -, , 

_J I A .-j 

82 
8 

02 

14 

VR V· VR V· VR V· 

OUALSPST OPST OUALOPST 
HI-5043 (750) HI-5044 (750) HI-5045 (750) 

vL v+ VL V+ 
VL V+ 

11 
11 

8, 0, 16 8, 0, 
8, 

83 03 
0, 83 03 

AI 
82 

AI 
02 

A2 , A2 

82 02 A _J 
82 02 

54 04 84 04 

14 

VR V· VR V· 
V· VR 

OPOT 4PST OUALSPOT 
HI-5046 (750) HI-5047 (750) HI-5048 (250) 
HI-5046A (250) HI-5047A (250) 

VL V+ VL V+ vL V+ 

11 

8, 0, 8, 0, 8, 0, 
16 16 

82 02 82 02 AI 
83 03 83 03 

84 04 84 
~ 

04 A2 

A ~ A 

82 02 

14 

VR V· VR V· VR V· 

OUALOPST SPOT OUALSPOT 
HI-5049 (250) HI-5050 (250) HI-5051 (250) 

VL V+ VL V+ 
VL V+ 

8, 0, 8, 0, 16 
83 03 8, 0, 83 03 
AI _J AI 

82 02 
A2 A2 -, 

82 02 A 82 02 
84 04 84 04 

14 14 

VR V· VR v· VR v· 
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HI-5040 Series 

Pin Configurations SWITCH STATES ARE FOR LOGIC "0" INPUT 
SINGLE CONTROL 
SPST 
HI-5040 (750) 

0' 

DPDT 
HI-5046 (750) 
HI-5046A (250) 

021 

013 

., 4 

S4' 

DUAL CONTROL 
DUALSPST 
HI-5041 (750) 

0, , 

02 • 

DUALSPST 
HI-5048 (250) 

0, 3 

S, 4 

'2 • 

02 7 

, .. 
,. A 

14 v-

13 VR 

12 VL 

11 V+ 

,. 

1652 

'5 A 

14 V-

13 VR 

12 VL 

11 v+ 

'0 
9S3 

16 S1 

15 At 

14 V-

13 VR 

12 VL 

" v+ 

10 AZ 

9 '2 

SPOT 
HI-5042 (750) 
HI-5050 (250) 

0' , 

023 

.24 

4SPDT 
HI-5047 (750) 
HI-5047 A(250) 

02' 

0'3 

S14 

'4 • 

046 

038 

DUALSPDT 
HI-5043 (750) 
HI-5051 (250) 

0, , 

03 3 

·7 

16 S1 

,. A 

14 V_ 

13 VR 

12 VL 

11 v+ 

10 

16 52 

,. A 

14 v-

13 VR 

12 VL 

11 V+ 

,. 
9 .3 

16 At 

14 v-

13 VR 

12 VL 

11 V+ 

10 A2 

• S2 

NOTE: Unused pins may be internally connected. 
Ground all unused pins. 
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f/) 
CD 
'i: 
CD 

UJ 
0 

DPST 
HI-5044 (750) 

q-
0 
II) 

0' , 16 51 ..!. 
,. A :I: 

02 3 14 v-

.2 4 13 VR 

12 VL 

11 V+ 

'0 

CI 
9(1) 
"'W ~:t I:! lI)i ill) 
() 

DUAL DPST 
HI-5045 (750) 
HI-5049 (250) 

0' , 16 S1 

15 At 

03 3 14 v-

13 VR 

12 VL 

11 V+ 

10 A2 
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Switching Characteristics 

+10V 

HI-5040 Series 

ON/OFF SWITCH TIME vs. LOGIC LEVEL 
VAH 

~ 
I 

OUT 1 

.---OUT2 
90% 

SWITCHING TIMES FOR POSITIVE DIGITAL TRANSITION SWITCHING TIMES FOR NEGATIVE DIGITAL TRANSITION 

720 

660 

600 

540 

! 480 

w 
420 '" 

\ 
~ 1.5V~VAL~OV 

>= 
co 

360 z \ 0-
% 
1= 300 
~ 

240 

180 

"-. ........ r-. 'ON 

........ I -r--~ 
120 

60 
2.4V 3.0V 3.6V 4.2V 

DIGITAL "H1GH"(VAHJ 

Switching Waveforms 

I--

Top: TIL Input (1V/Div.) 
VAH = 3V, VAL = O.BV 

Boltom: Output (5V/Div.) 
Horizontal: 200ns/Div. 

r \ 

I \. 

200ns/DIV 

4.8V 
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720 

660 

600 

540 

480 

420 

360 

300 

240 

180 

120 

60 
ov 

If 

I 

5V~VAH~2.4V 

V , / 
'ON .-/ 
I -- -, ./ 
tOFF -I --r 

0.5V 1.0V 

DIGITAL "lOW" (VALl 

Top: CMOS Input (5V/Div.) 
VAH = 10V, VAL = OV 

Bottom: Output (5v/Div.) 
Horizontal: 200ns/Div. 

-' 

-
\ , 

200ns/DIV 

/ 

/ 

/ 
./ 

1.5V 



HI-5040 Series 

Switching Characteristics 

TTL/CMOS REFERENCE CIRCUIT· 

Rl 
200n 

V+ 

TO P2 v-
VL 

V+ 

R2 
9K 

~----4-----~-oV_ 

·Connect v+ to VL for minimizing power consumption 
when driving from CMOS circuits 

DIGITAL INPUT BUFFER AND LEVEL SHIFTER 

R4 
A <>-'VI/I_t--t 

200rl 

ALL N-CHANNEL 
BODIES TO V-

ALL P-CHANNEL 
BODIESTOV+ 

EXCEPT AS SHOWN 

V+ 

V-

SWITCH CELL 

IN 

V-

For Further Information Refer to Application Notes 520, 521, 531, 532, and 557 in Section 10 of Data Book. 
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ORDERING INFORMATION .................................................................... . 

STANDARD PRODUCTS PACKAGING AVAILABILITY . ........................................... . 

SELECTION GUIDE . ........................................................................... . 

MULTIPLEXER DATA SHEETS 

HI-506/507 

HI-506A/507 A 

HI-508/509 

HI-508N509A 

HI-516 

HI-518 

HI-524 

HI-539 

HI-546/547 

HI-548/549 

HI-1818A/1828A 

Single 16/Differential8 Channel CMOS Analog Multiplexers ................. . 

Single 16/Differential8 Channel CMOS Analog Multiplexers with ............. . 
Active Overvoltage Protection 

Single 8/Differential4 Channel CMOS Analog Multiplexers .................. . 

Single 8/Differential4 Channel CMOS Analog Multiplexers with .............. . 
Active Overvoltage Protection 

16 Channel/Differential 8 Channel CMOS High Speed Analog Multiplexer ..... . 

8 ChanneilDifferential4 Channel CMOS High Speed Analog Multiplexer ...... . 

4 Channel Wideband and Video Multiplexer ................................ . 

Monolithic, 4 Channel, Low Level, Differential Multiplexer .................. . 

Single 16/Differential8 Channel CMOS Analog Multiplexers with ............. . 
Active Overvoltage Protection 

Single 8/Differential4 Channel CMOS Analog Multiplexers with .............. . 
Active Overvoltage Protection 

Low Resistance Single 8/Differential4 Channel 
CMOS Analog Multiplexers 

ABSOLUTE MAXIMUM RATINGS 
As with all semiconductors, stresses listed under "Absolute Maximum Ratings" may 
be applied to devices (one at a time) without resulting in permanent damage. This is a 
stress rating only. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. The conditions listed under "Electrical Specifica­
tions" are the only conditions recommended for satisfactory operation. 
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Ordering Information 
HARRIS PRODUCT CODE EXAMPLE 

H I 1 0506 5 

PREFIX: T .J -,... P~BER T 
H (HARRIS) TEMPERATURE: 

FAMILY: 1 OoC to +2000C • 
A An-a':-Iog----------.... 2 -SSoCto +12SoC 

C Communications 4 -2SoC to +8SoC 
D Digital S OOCto+7S0C 
F Filters 6 100% +2SoC Probe (Dice Only) 
I Interface 7 Dash-7 High Reliability Commercial 
M Memory Product DoC to + 7SoC 
V Analog High Voltage 8 Dash-8 Program 
Y Analog Hybrids 9 -400C to +8SoC 

PACKAGE: 
1 Dual-In-Line Ceramic 
3 : Dual-In-Line Plastic 
4 : Leadless Chip Carriers (LCC) 
4P: Plastic Leaded Chip Carriers (PLCC) 
S LCC Hybrid 
7 Mini-DIP, Ceramic 
o Chip Form 

• Special High Temperature Testing Available on Certain 
Product Types. Consult Factory for Availability. 

Standard Products Packaging Availability t 

PLASTIC CERAMIC SURFACE MOUNT 

PACKAGE DIP DIP LCC PLCC 

TEMPERATURE -5 -2 -4 -5 -7 -8 -8 -5 

DEVICE NUMBER 

MULTIPLEXERS 

HI-OS06 S H H H H H U AB 

HI-OS06A S H H H H U 

HI-OS07 S H H H H H U AB 

HI-OS07A S H H H H U 

HI-0508 0 C1 C1 C1 C1 C1 T AA 
HI-OS08A 0 C1 Cl C1 C1 T 

HI-0509 0 C1 C1 C1 C1 C1 T AA 

HI-OS09A 0 C1 C1 C1 C1 T 

HI-OS16 S H H H U AB 

HI-OS18 P D D D T AA 

HI-OS24 P D D D T AA 

HI-OS39 0 Cl C1 C1 Cl AA 

HI-1818A 0 C1 C1 C1 C1 AA 
HI-1828A 0 C1 C1 C1 C1 AA 

HI-0546 S H H H · · AB 

HI-0547 S H H H · · AB 

HI-OS48 0 C1 Cl C1 · · AA 

HI-0549 0 Cl C1 C1 · · AA 

* Available as MIL-STD-883 Only. 
t Letter codes in this chart indicate available packages as shown in Packaging Section 11. 
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Selection Guide 
CMOS MULTIPLEXERS 

TTL RON ID(OFF) t(ON) t(OFF) PD 
'HIGH' (0) (nA) (ns) (ns) (mW) ARON 

FUNCTION DEVICE FEATURE MIN(V) (TYP) (TYP) (TYP) (TYP) (TYP) (TYP) PAGE 

4-Channel HI-1828A Low RON 4.0 2S0 O.OS 300 300 28 N/A 4-6S 
Differential Low Leakage Max 

HI-S09 Low RON 2.4 180 0.3 2S0 2S0 28 S% 4-16 

HI-S09A Analog Input 4.0 1.2K 0.1 300 300 7.S N/A 4-23 
Overvoltage Protection 

HI-S49 Analog Input 4.0 1.2K 0.1 300 300 7.S 7% 4-S9 
Overvoltage Protection Max 

With Low ARON 

8-Channel HI-1818A Low RON 4.0 2S0 0.1 300 300 28 N/A 4-6S 
Low Leakage Max 

HI-SOB Low RON 2.4 180 0.3 2S0 2S0 28 S% 4-16 

HI-S08A Analog Input 4.0 1.2K 0.1 300 300 7.S N/A 4-23 
Overvoltage Protection 

HI-S48 Analog Input 4.0 1.2K 0.1 300 300 7.S 7% 4-S9 
Overvoltage Protection Max 

With Low ARON 

8-Channel HI-S07 Low RON 2.4 180 0.3 2S0 2S0 30 S% 4-4 
Differential 

HI-S07A Analog Input 4.0 1.2K 0.1 300 300 7.S N/A 4-10 
Overvoltage Protection 

HI-S47 Analog Input 4.0 1.2K 0.1 300 300 7.S 7% 4-S3 
Overvoltage Protection Max 

With Low ARON 

16-Channel HI-S06 Low RON 2.4 180 0.3 2S0 2S0 30 S% 4-4 

HI-S06A Analog Input 4.0 1.2K 0.1 300 300 7.S N/A 4-10 
Overvoltage Protection 

HI-546 Analog Input 4.0 1.2K 0.1 300 300 7.S 7% 4-S3 
Overvoltage Protection Max 

With Low ARON 

8-Channel HI-S18 High Speed 2.4 480 0.02 120 140 4S0 N/A 4-34 
4-Differential Low Leakage Max 

16-Channel HI-S16 High Speed 2.4 620 0.03 120 140 7S0 N/A 4-29 
8-Differential Low Leakage Max 

4-Channel HI-S24 Video 2.4 700 0.02 180 180 7S0 N/A 4-39 
Bandwid1h Max 

4-Channel HI-S39 Low Level 4.0 6S0 0.03 2S0 160 2.3 40 4-44 
Differential Signals AID(OFF) 

=.003 
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mJHARRlS 

Features 
• Low On Resistance (Typ.) •.••.•.•• 1800 

• Wide Analog Signal Range •••••••• ± 15V 

• TTUCMOS Compatible ••• 2.4V (Logic "1 ") 

• Access Time (Typ) • • • • • • • • • • • • • •• 250ns 

• 44V Maximum Power Supply 

• Break-Betore-Make Switching 

• No Latch-up 

• Replaces DG506A1DG506AA and 
DG507A1DG507AA 

Applications 
• Data Acquisition Systems 

• Precision Instrumentation 

• Demultiplexing 

• Selector Switch 

Pinouts 
H11-506 (CERAMIC DIP) 
H13-506 (PLASTIC DIP) 

TOP VIEW 

+VSUPPLY 
NC 

IN 16 
IN 15 

IN 9 
GNO 

NC 

ADDRESS A3 "'L __ -"'.T 

H14-506 (CERAMIC LCC) 
HI4P506 (PLCC) 

TOP VIEW 

,. ,. 
t ~ r ,.. ~ 

z il u 
Q If? ;! z 

'4"3"2111128' '27"211! 
IN 15 ~JL.-" I.." '-_.I Ld a;.~ I,;.J l:ol[2} IN 1 

IN 14 }] [23 IN' 

IN 13 )] [2l IN 5 

IN 12 .!IJ TOP VIEW [2] IN 4 

IN 11 ~J [2] IN' 

IN 10 raj [2~ IN 2 

IN 9 DJ OJ IN I 

f,'Z1 fijl f'41 r,-~ f;61 r-',,-' 11711181 

Q il :; ;;;: ;;: it z 

" ~ 

HI-S06/S07 
Single 16/Differential 8 Channel 

CMOS Analog Multiplexers 

Description 
These monolithic CMOS multiplexers each include an array of sixteen analog switches, 
a digital decode circuit for channel selection, a voltage reference for logic thresholds, 
and an ENABLE input for device selection when several multiplexers are present. 

The Dielectric Isolation (01) process used in fabrication of these devices eliminates the 
problem of latch-up. Also, 01 offers much lower substrate leakage and parasitic capaci­
tance than conventional junction-isolated CMOS (See Application Note 521). With the 
low ON resistance (1800 typical), this allows low static error, fast channel switching 
rates, and fast settling. 

The switching threshold for each digital input is established by an internal +5V refer­
ence, providing a guaranteed minimum 2.4V for "1" and maximum 0.8V for "0". This 
allows direct interface without pull-up resistors to signals from most logic families: 
CMOS, TTL, DTL and some PMOS. For protection against transient overvoltage, the 
digital inputs include a series 2000 resistor and diode clamp to each supply. 

The HI-506 is a sixteen channel single-ended multiplexer, and the HI-507 is an eight 
channel differential version. Each device is available in a 28 pin Ceramic or Plastic DIP, 
28 pad Leadless Chip Carrier (LCC), and 28 pin Plastic Leaded Chip Carrier (PLCC) 
packages. If input overvoltage protection is needed, the HI-546/547 multiplexers are 
recommended. For further information see Application Notes 520 and 521. 

The HI-506/507 is offered in both commercial and military grades. For additional Hi­
Rei screening including 160 hour burn-in specify the "-8" suffix. For MIL-STD-883 
compliant parts, request the HI-506/883 or HI-507/883 data sheet. 

H11-507 (CERAMIC DIP) 
H13-507 (PLASTIC DIP) 

TOP VIEW 

+VSUPPlY 
our .B 

OUT A 

IN 7B 

IN6B 

IN 58 

IN 4B 

IN 3B 

IN 28 

NC 
IN BB 
IN 78 IN 6A 

IN SA 
IN 4A 
IN3A 

IN2A 

GNO ADORESSAO 

ADDRESSAl 

H14-507 (CERAMIC LCC) 
HI4P507 (PLCC) 

TOP VIEW 

,. ,. 
,.. ~ '" ~ :l 

z u ~ ~ ~ If? z z 0 

}] [2~ 

"1' -" :..21 
-, 
~J TOP VIEW [z1 
~J [2J 

;:OJ [2~ 

IN lA 

IN6A 

IN SA 

IN4A 

IN3A 

IN 2A 

Functional Diagrams 

INI I OUT 
, -

1N2 l ___ 

• DECODER! • DRIVER 

• 
INlfi L ___ 

HI-506 

IN lAo-+--oI'!' ..... ----!-o0UTA • • IN 8Ar--a-,/r .. ...... 

IN lBo-+-ooIoCr:-..... ===~t-oOUTB 

• • 
INBBr....IL..rl ............ 

AOA1 A2 EN 

HI-507 

CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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Specifications HI-506/507 

Absolute Maximum Ratings (Note 1) 

VSUPPLY(+)toVSUPPLY(-) ........ · ... ·· .. ·· ... ····.····.44V Continuous Current, S or D: .............................. 20mA 

VSUPPLY(+)toGND ..................................... 22V Peak Current, S or D 

VSUPPL Y(-) to GND ...................................... 25V (Pulsed at 1 ms, 10% duty cycle max): ................... 40mA 

Digital Input Overvoltage Junction Temperature ................................ +1750 C 

+VEN,+VA ................................ +VSUPPLy+4V Operating Temperature Ranges: 

-VEN, -VA .................................. -VSUPPL Y -4V HI-506/507 -2, -8 .......................... -550 C to + 1250 C 

or 20mA, whichever occurs first HI-506/507-4 .............................. -25OC to +850 C 

Analog Signal Overvoltage (Note 7) HI-506/50? -5 ................................ DoC to +750 C 

+VS·················· .. · .... ·············· +VSUPPLy+2V Storage Temperature Range ................... -650 C to + 1500 C 

-VS ........................................ -VSUPPL Y -2V 

Electrical Specifications Unless Otherwise Specified: 

Supplies = +15V, -15V; VAH (Logic Level High) = +2.4V; 

VAL (Logic Level Low) = +0.8V. For Test Conditions, consult Performance Characteristics Section. 

HI-S06/HI-S07 HI-S06JS07 
-2, -8 -4. -S TRUTH TABLES 

PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. UNITS 

ANALOG CHANNEL CHARACTERISTICS 

·VS. Analog Signal Range Full -15 +15 -15 +15 V HI-506 
'RON, On Resistance (Note 2) +25°C 180 300 180 400 !l 

Full 400 500 !l "ON" 
""RON, (Any Two Channels) +25°C 5 5 % A3 A2 Al AD EN CHANNEL 
"IS (OFF). Off Input Leakage Current (Note 3) +25°C 0.03 OD3 nA X X X X L NONE 

Full 50 50 nA 
L L L L H 1 

"ID (OFF). Off Output Leakage Current (Note 3) +25°C 03 0.3 nA 
L L L H H 2 HI-506 Full 300 300 nA 
L L H L H 3 HI-507 Full 200 200 nA 
L L H H H 4 'ID (ON), On Channel Leakage Current (Note 3) +25°C 0.3 0.3 nA 
L H L L H 5 HI-506 Full 300 300 nA 
L H L H H 6 HI-507 Full 200 200 nA 

"IDIFF. Differential Off Output Leakage Current Full 50 50 nA 
L H H L H 7 
L H H H H 8 (HI-507 Only) 
H L L L H 9 

DIGITAL INPUT CHARACTERISTICS H L L H H 10 
'VAL, Input Low Threshold Full +0.8 +0.8 V H L H L H 11 
"VAH" Input High Threshold Full +2.4 +2.4 V H L H H H 12 
'IA Input Leakage Current (High or Low) (Note 4) Full 1.0 1.0 pA H H L L H 13 

SWITCHING CHARACTERISTICS H H L H H 14 

'tA, Access Time +25°C 250 500 250 
H H H L H 15 

ns H H H H H 16 
Full 1000 1000 ns 

"tOPEN, Break-Before-Make Delay +25°C 25 80 25 80 ns 
"tON (EN), Enable Delay (ON) +25°C 250 500 250 ns 

Full 1000 1000 ns HI-507 
'tOFF (EN), Enable Delay (OFF) +25°C 250 500 250 ns 

Full 1000 1000 ns 
"ON" Settling Time (0.1%) +25°C 1.2 1.2 /IS CHANNEL (0.01%) +25°C 2.4 2.4 /IS A2 Al AD EN PAIR "Off Isolation" (Note 5) +25°C 50 68 50 68 dB 

Cs (OFF), Channel Input Capacitance +25°C 5 5 pF X X X L NONE 
CD (OFF), Channel Output Capacitance HI-506 +25°C 44 44 pF L L L H 1 

HI-507 +25°C 22 22 pF L L H H 2 
CA, Digital Input Capacitance +25°C 5 5 pF L H L H 3 
CDS (OFF), Input to Output Capacitance +25°C 0.08 0.08 pF L H H H 4 

POWER REQUIREMENTS 
H L L H 5 
H L H H 6 

'1+, Current, Pin 1 (Note 6) Full 1.5 3.0 1.5 3.0 mA H H L H 7 
'1-, Current Pin 27 (Note 6) Full 0.4 1.0 0.4 1.0 mA H H H H 8 

"100% tested for Dash 8. Leakage currents not tested at -55°C. 

NOTES: 
1. Absolute maximum ratings are limiting values, applied individually. be- 5. VEN = O.SV, RL = 1 K, CL = ISpF. Vs = 7VRMS, 1 = 100kHz. 

yond which the serviceability 01 the circun may be impaired. Functional 6. VEN. VA = OV or 2.4V. 
operation under any of these conditions is not necessarily implied. 7. Signal voltage at any analog input or output (S or D) will be clamped to the 

2. VOUT = ±10V, lOUT = -lmA. supply rail by internal diodes. Limit the resulting current as shown under 
3. Ten nanoamps is the practical lower limit for high speed measurement in absolute maximum ratings. If an overvoltage condition is anticipated 

the production test environment. (analog input exceeds either power supply voltage), the Harris HI-546! 
4. Digital input leakage is primarily due to the clamp diodes (see SchematiC). 547 multiplexers are recommended. 

Typical leakage is less than 1 nA at 2SOC. 
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HI-506/507. 

Performance Characteristics and Test Circuits 

Unless Otherwise Specified; TA = 25°C, VSupply = ±15 V, 
VAH = 2.4 V, VAL = 0.8 V. 

ON RESISTANCE vs. 
INPUT SIGNAL LEVEL, SUPPLY VOLTAGE 

u;-

~ e. 
j 
~ 
8 

ON RESISTANCE 

TEST CIRCUIT 
NO.1 

vs. ANALOG INPUT VOLTAGE, TEMPERATURE 

400 

300 

200 

100 

o 
-15 -10 

TA = +115 0C ~ 
TA=+250C -

TA = -550C 

-5 0 +5 

VIN Analog Input(Volts) 

....... ./ -- ---- ,-/' -
'10 ,,5 

NORMALIZED ON RESISTANCE 
vs. SUPPLY VOLTAGE 

2.2 

~ 2.0 
<5 
~ 1.8 

;; 1.6 

~ 1.4 
> ;1.2 
~ 1.0 

~ 0.8 

0.8 

+1250C~TA~-550C 

VIN'OV 

"-

" ......... 
t-.. 

±7 ±8 ±9 flO ttl t12 t13 !14 ±t5 

Supply Voltage (Volts) 

LEAKAGE CURRENT VS. TEMPERATURE 
IDOnA 

IOnA 

", 

IDOpA 

lOp , 

2 

1 

0 

./ 
~l OttOutpllt 

Leakage Current 
~. IO(offl~ID(Onl-

onlen7 Current 

/' / 

/ ~ ~!:~:eU~urrent -
,/ IS10Ifl 

25' 500 750 1000 1250 
TemperatureOC 

LOGIC THRESHOLD 
VS. POWER SUPPLY 

VOLTAGE 

--I-" 

!O ±II ±1O ±12 ±14 ±16 ±18 ±20 
Power Supply Voltage (Volts) 

TEST CIRCUIT 
NO.2· 

lt31::" 
+:10V -=- -=- ;lOV 

~ "J 
TEST CIRCUIT 

NO.4· 

±lOV-=-

TEST CIRCUIT 
NO.3· 

I EN 
_ === +10VL-.---=~ 
-J.. 

'Two measurements per channel: 
+10 V/-10 V and -10 V/+10 V. 

+D.8V 

(Two measurements per device for IO(OFF) 
+10 V/-10 V and -10 V/+10 V.) 

-=- flOV 

« 
E 

3.0 

~ 2.0 

~ 
> 

J .. 1.0 

1 .. 
o 

+2.4V 

POWER SUPPLY 
CURRENT 

VS. TEMPERATURE 

VEN • 2M-

VEN • OV 

f 

-55 -35 -15 -5 25 45 65 85 105 125 

Temperature (OCJ 
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OFF ISOLATION vs. 
FREQUENCY 

100 
~ 11111111 

80 

60 

[,L"K r.... 
Ir ;; 

== 
40 

'- II~L; 1~~ 
III II 

-
20 VEN' OV:t-t ~ = I J IIIIU 

o 
104 

CLOAD.~.~8pF 

105 

.~~.;,,1 VRMS 

106 
Frequency (Hz) 



HI-506/507 

Performance Characteristics and Test Circuits (continued) 

ON CHANNEL CURRENT VS. VOLTAGE TEST CIRCUIT 
NO.5 

~ 60~-+--~--4---~ 

.§. 50 ~--1----+----+---+-='-o::j;;;::+:~ 
~ 40~-+--~--~~~~---+ 
'-' 
~ 30r--+--~~~~~~~ 

'" r 
+< 

±4 ±6 
V,N - Voltage Across Switch 

±14 ±16 

TEST CIRCUIT 
NO.6 

ON CHANNEL CURRENT 
VS. VOLTAGE 

SUPPLY CURRENT 

SUPPLY CURRENT VS. TOGGLE FREQUENCY VS. TOGGLE FREQUENCY 

I V 
±10/±5V 

iSUPPIY ~ ± 15 '...f 
I 

VJ VSupply ~ ± 10V .... 
'I 

I V {
High ~ 3.5V 

VA Low ~ OV 
50% DUTY CYCLE 

1K 10K 100K 1M 10M 
Toggle Frequency. (Hz) 'Similar connection for HI-50? -151-1OV 

TEST CIRCUIT 

g 
il' 
t= 

~ 

!ii 
I 

:=: 

ACCESS TIME VS, LOGIC LEVEL (HIGH) NO .7 

600 

400 

200 

o 
·2 

r-.... 

If 

" 13 14 15 

Logic Level (High). (Volts) 

Switching Waveforms 
3.5V ADDRESS 

~
RIVE(VAI 

50% OV 

I -
+1OV I 

I 
---I 

~90% 
I 
I 
I--

OUTPUT 

-1OV 

4-7 

+15V ACCESS TIME 
VS. LOGIC LEVEL (HIGH) 

V+ 

.--~""""'---I A2 IN 2 THRU IN 15 ~o---. 

~~ <HI-506 IN 16 

EN 
-=- -=- +3.5V L--=;r=---,--..J 

'Similar connection for HI-50? 

ACCESS TIME 
-~~,-

r-rV~,rUT \ 
,.IDIV. l 

S10N 

OUTPUT 
1V1D1~ , 

S160N :1 
200 NS/DIV 

'F1OV- PROBE 

-----, 
I 
I 
I 
I 
I 

I -:- I L- ____ _ 

..... 
o 
II) 
...... 
CD o 
II) 

..!. 
::x: 



Switching Waveforms (continued) 

3,5V 

II AOORESS 
~ ~VEIVA} 

~
OUTPUTA 

50% 50% 

r r 
-+I I+--

tOPEN 

HI·50G/507 

TEST CIRCUIT 
NO.8 

BREAK-BEfORE-MAKE 
DELAY (top EN) 

+15V 

'Similar connection for HI-50? 

TEST CIRCUIT 
NO.9 

'5V 

VOUT 

12.5pF 

3,5V 
ENABLE DELAY tON(EN),tOff(EN) 

50::../- - - - \. ENABLE DRIVE 

I I OV 
I I 
: 90%{.---t:-'l :O:TPUT A 

I -I I~ 
---+i tONIEN}}_ 1 tOFF I 

1 I -+1 lEN} I+-

Schematic Diagrams 

ADDRESS DECODER 

Delete A3 or A3 Input for HI-507 

'Similar connection for HI-50? 

TO P-CHANNEl 
DeVICE OF 
THE SWITCH 

TO N·CHANNEL 
DeVICE OF 
THE SWITCH 

4-8 

r--

BREAK-BEfORE-MAKE 
DELAY(tOPEN) 

VA INPUT 
t- iV/DIV 

8, ON S16 ON 

OUTPUT 
, 

~ I IV/DIV - r--

IV 

IOOns/DIV 

ENABLE DELAY tON(EN),tOff(EN) 

1 - c~ 
ENABLE -j 1 DRIVE 

2vTV. 
I 

'I L I s, ON 

82 THRU , 
f--- S16 OFF OUTPUT 

['-. I , 2V'DIV 

1 

ADDRESS INPUT BUffER 
LEVER SHIFTER 

.v 

v-

Ail N-Channel Bodies to V­
All P-Channel Bodies to V+ 
Unless Otherwise Indicated 

I 

-I 

I 

J 



HI·50G/507 

TTL REFERENCE CIRCUIT MULTIPLEX SWITCH 

Die Characteristics 

''D 

Transistor Count .................................. 421 

Die Dimensions .......................... 129 x 82 mils 

Substrate Potential* ........................ -VSUPPL Y 
Process .................................... CMOS-DI 
Thermal Constants (OC/W) 

Ceramic DIP 

CeramicLCC 

Sja 

51 

81 

Sjc 

20 
40 

*The substrate appears resistive to the -VSUPPLY terminal, therefore it may 
be left floating (Insulating Die Mount) or it may be mounted on a conductor 
at -VSUPPL y potential. 

4-9 

,... 
o 
II) 
....... 
CD o 
II) 

..!. 
~ 



mHARRIS HI-506A1507A 
Single 16/Differential 8 Channel 

CMOS Analog Multiplexers with Active Overvoltage Protection 

Features Description 
• Analog Overvoltage Protection •.• 70Vp_p The HI-506A and HI-507 A are analog multiplexers with Active Overvoltage 

Protection. Analog input levels may greatly exceed either power supply with­
out damaging the device or disturbing the signal path of other channels. 
Active protection circuitry assures that signal fidelity is maintained even un­
der fault conditions that would destroy other multiplexers. Analog inputs can 
Withstand constant 70 volt peak-to-peak levels and typically survive static 
discharges beyond 4,000 volts. Digital inputs will also sustain continuous 
faults up to 4 volts greater than either supply. In addition, signal sources are 
protected from short circuiting should multiplexer supply loss occur; each 
input presents 1 kO of resistance under this condition. These features make 
the HI-506A and HI-507A ideal for use in systems where the analog inputs 
originate from external equipment or separately powered circuitry. Both 
devices are fabricated with 44 volt dielectrically isolated CMOS technology. 
The HI-506A is a 16 channel device and the HI-507 A is an 8 channel differ­
ential version. If input overvoltage protection is not needed, the HI-506 and 
HI-507 multiplexers are recommended. For further information see Applica­
tion Notes 520 and 521. 

• No Channel Interaction During 
Overvoltage 

• ESD Resistant. •••••••..•••••••. >4,OOOV 
• 44V Maximum Power Supply 
• Fail Safe with Power Loss (No Latch-Up) 
• Break-Before-Make Switching 
• Analog Signal Range ....•..•..••.• ±15V 
• Access Time (Typical) •..•..•..••. 500ns 
• Standby Power (Typical) ..•.....•. 7.5mW 

Applications 
• Data Acquisition 
• Industrial Controls 
• Telemetry 

Pinouts 
HI1-506A (CERAMIC DIP) 
HI3-506A (PLASTIC DIP) 

TOP VIEW 

+VSUPPLV 1 

Ne 
Ne 

INI6 
INIS 
IN 14 

INn 
IN 12 

-VSUPPlY 
IN. 

17 ADDRESS AO 

ADDRESS AI 

'--__ --' ADORESSA2 

HI4-506A (CERAMIC LCC) 
TOP VIEW 

IN 14 

IN 13 

>-

~ 
~ 

z ~ u r Q z 

~J 
'11 
-" -, 
.!J TOPVIEW 

>-

~ ~ 

!t ~ 

[Z~ IN6 

[z) IN' 

[Z~ IN' 

[2] IN3 

[Z~ INZ 

[1] V:! IN 1 

f,'21 ri;1 f141 r,-~ ris1 r,;1 r,il 
... N .. c;:o 
cc <:C <:C cc 

"' z 

Each device is available in a 28 pin Plastic or Ceramic DIP and a 28 pad 
Ceramic LCC package. 

The HI-506A/507A are offered in both commercial and military grades. Ad­
ditional Hi-Rei screening including 160 hour burn-in is specified by the 
"-8" suffix. For MIL-STD-883 compliant parts, request the HI-546/883 or 
HI-547/883 data sheets. 

H11-507A (CERAMIC DIP) 
H13-507 A (PLASTIC DIP) 

TOP VIEW 

+VSUPPlV 
OUT B 

IN 88 IN lA 
IN 78 
IN6B INSA 
INSB IN4A 

IN 3A 
IN 2A 

H14-507A (CERAMIC LCC) 
TOP VIEW 

_,,~J t~J t~J 1,: t2~J tZ.1J tt.6J r,-, 
IN 78 _.J L • .J L_ IN 7A 

IN 68 ~J [2~ IN 6A 

IN 58 j] 
IN48 ~J 
IN 38 )] 
INZ8 ~J 

[Z] 

TOP VIEW [zl 
[ZJ 

[z~ 

IN 5A 

IN4A 

IN 3A 

IN2A 

IN lB [IJ O:! IN lA 

r,i1 f131 f'41 r,-s: f'-61 r,;~ ~i1 

Functional Diagrams 
Ik 

INI 

I' 
IN2 

II • II 

• II 

• ' I , , 
" 

, , 
INIS 

1 ,-

l~ __ 

DECODER! 
DRIVER 

L... ___ 

VREFAOA1AzA3 u 

HI-506A 

OUT 

IN IAo-..... N'v-...,_~r .. ____ +OOOUT A 

• • IN 8Ao-..... N'v_"""'-d'r ...... 

IN 18o-..... W"""''''''''-~~ .. ~==~+OOOUT 8 

• • 

VREFAOAI A2 EN 

HI-507A 

CAUTION: These devices are sens~ive to electrostatic discharge. Proper IC handling procedures should be followed. 
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Specifications HI-506A/507A 

Absolute Maximum Ratings (Note 1) 

VSUPPLY(+) to VSUPPLY(-) .............................. 44V 
VSUPPL Y(+) to GND ..................................... 22V 
VSUPPL Y(_) to GND ..................................... 25V 
Digital Input Overvoltage 

Continuous Current. S or 0: ............................. 20mA 

Peak Current. S or 0 
(Pulsed at 1 ms. 10% duty cycle max): .................. 40mA 

Junction Temperature ................................ +1750 C 

+VEN. +VA ................................ +VSUPPL Y +4V 
-VEN. -VA .................................. -VSUPPL Y -4V 

or 20mA. whichever occurs first 

Operating Temperature Ranges: 
HI-506A/507 A-2. -8 ...................... -550 C to +1250 C 
HI-506A/507 A-4 .......................... -250 C to +850 C 

Analog Signal Overvoltage 
+VS .................................... +VSUPPL Y +20V 

HI-506A/507 A-5 ............................. OOC to + 750 C 
Storage Temperature Range ................. -650 C to +1500 C 

-VS ...................................... -VSUPPL Y -20V 

Electrical Specifications Unless Otherwise Specified: 
Supplies = +15V. -15V; VREF pin = Open; VAH (Logic Level High) = +4.0V; 
VAL (Logic Level Low) = +0.8V. For Test Conditions. consult Performance Characteristics Section. 

HI-506AIHI·507A HI·506AI507A TRUTH TABLES 
-2. -8 -4, -5 

PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. UNITS 
HI·506A 

ANALOG CHANNEL CHARACTERISTICS 
*VS. Analog Signal Range Full -15 +15 -15 +15 V "ON" 
*RON. On Resistance (Note 2) +25°C 1.2 1.5 1.5 1.8 kn 

Full 1.5 1.8 1.8 2.0 kn As A2 A1 AD EN CHANNEL 

*IS (OFF). Off Input Leakage Current (Note 3) +25°C 0.03 0.03 nA X X X X L NONE III 
Full 50 50 nA L L L L H 1 II: w 

*ID (OFF). Off Output Leakage Current (Note 3) +25°C 0.1 0.1 nA L L L H H 2 )( 
w 

HI·506A Full 300 300 nA L L H L H 3 ..I 

HI·507A Full 200 200 nA L L H H H 4 Do. 

*ID (OFF). with Input Overvoltage Applied (Note 4) +25°C 4.0 4.0 nA L H L L H 5 !5 
::J 

Full 2.0 pA L H L H H 6 :!!! 
*ID (ON). On Channel Leakage Current (NOIe 3) +25OC 0.1 0.1 nA L H H L H 7 

HI·506A Full 300 300 nA L H H H H 8 
HI·507A Full 200 200 nA H L L L H 9 

IDIFF. Differential Off Output Leakage Current Full 50 50 nA H L L H H 10 
(HI-507A Only) H L H L H 11 

DIGITAL INPUT CHARACTERISTICS H L H H H 12 
H H L L H 13 

*VAL. Input Low Threshold TTL Drive Full 0.8 0.8 V H H L H H 14 
*VAH. Input High Threshold (NOIe 8) Full 4.0 4.0 V H H H L H 15 
VAL MOS Drive (NOIe 9) +25OC 0.8 0.8 V H H H H H 16 
VAH MOS Drive (Note 9) +25OC 6.0 6.0 V 
*IA Input Leakage Current (High or Low) (NOIe 5) Full 1.0 1.0 pA 

SWITCHING CHARACTERISTICS HI·507A 
*tA. Access Time +25°C 0.5 0.5 pS 

Full 1.0 1.0 pS 
*tOPEN. Break·Before·Make Delay +25°C 25 80 25 80 ns "ON" 
*tON (EN). Enable Delay (ON) +25°C 300 500 300 ns CHANNEL 

Full 1000 1000 ns A2 A1 AD EN PAIR 

*tOFF (EN). Enable Delay (OFF) +25°C 300 500 300 ns X X X L NONE 
Full 1000 1000 ns L L L H 1 

Settling Time (0.1%) +25°C 1.2 1.2 pS L L H H 2 
(0.01%) +25°C 3.5 3.5 pS L H L H 3 

"Off Isolation" (Note 6) +25°C 50 68 50 68 dB L H H H 4 
Cs (OFF). Channel Input Capacitance +25°C 5 5 pF H L L H 5 
CD (OFF). Channel Output Capacitance HI·506A +25°C 50 50 pF H L H H 6 

HI·507A +25°C 25 25 pF H H L H 7 
CA. Digital Input Capacitance +25°C 5 5 pF H H H H 8 
CDS (OFF>. Input to Output Capacitance +25°C 0.1 0.1 pF 

POWER REQUIREMENTS 
PD. Power Dissipation Full 7.5 7.5 mW 
*1+. Current Pin 1 (NOIe 7) Full 0.5 2.0 0.5 2.0 mA 
*1-. Current Pin 27 (NOIe 7) Full 0.02 1.0 0.02 1.0 mA 

"100% tested for Dash a Leakage currents not tested at _55°C. 

NOTES: 
1. Absolute maximum ratings are limiting values, ap. speed measurement in the production test 6. VEN = 0.8 V. RL = 1 K. CL = 15 pF. 

plied individually, beyond which the serviceability environment. Vs = 7VRMS. f = 100 kHz. 
of the circuit may be impaired. Functional opera- 4. Analog Overvoltage :::: ±33 V. 

~: ¥J=~r'i~ ~r~mO ~5fr°L ~ircUits, 1 kG pull·up tion under any of these conditions is not necessar- 5. Digital input leakage is primarily due to the clamp 

2. !!y~~~Ii!d±1OV, I UT;; -100 pA. 
diodes (see SchematiC). Typical leakage is less resistors to +5.0 V supply are recommended. 

3. Ten nanoamps is ~he practical lower limit for high 
than 1 nA at 25°C. 9. VREF = +10 v. 
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HI-50BA/507A 

Performance Characteristics and Test Circuits 

Unless Otherwise Specified: TA = 25°C, VSupply = ±15 V, 
VAH = +4 V, VAL = 0.8 V And VRef = Open. 

1.4 

1.3 

1.2 

1 

1.0 

0.9 

0.8 

ON RESISTANCE 
VS. ANALOG INPUT VOLTAGE 

TA" +125 0 C 

I 

TA = +250C 

T A" -55°C 

-10 -8 -6 -4 -2 

VIN - Analog Input (Volts) 

LEAKAGE CURRENT VS. TEMPERATURE --... 100nA 

LEAKAGE 

OFF OUTPUT / 

~M~~~f-
CURRENT /' 

IO(ON) " r-i/ :,/ j 
j lnA 

/ 
/' ~m~~TCURRENT-

/ V IS (OFF) 
100jlA 

IE 

..-

10 

TEST 
CIRCUIT 

NO.1 

1.5 

1.4 

1.3 

1.2 

1 

0 

0.9 

0.8 

ON RESISTANCE vs. 
INPUT SIGNAL LEVEL, SUPPLY VOLTAGE 

~100~A 

...... 

V2_ 

OUT 

NORMALIZED ON RESISTANCE 
VS. SUPPLY VOLTAGE 

+1250 C ~T A ~-550C _ 
VIN =+5V 

....... 

"' ........ r-. 

±5 ±6 ±7 ±a :±9 ±1O ±ll ±t2 ±13 ±14 ±15 

TEST 
CIRCUIT 
NO. 2* 

TEST 
CIRCUIT 
NO. 3* 

TEST 
CIRCUIT 
NO. 4* 

Supply Voltage - Volts 

~
N '0.8V 

OUT 

A iDIOFF) 

-tov -=- -=-.<: IOV 

~ ~ 

-IOV-=-

1 EN "'C.BV 

'Two measurements per channel: 
+10 V/-10 Vand -10 VI+10 V. _ ~'ov 

lOp 
250 500 75° 100 

A 
0 

Temperature _oC 

(Two measurements per device for IO(OFF): 
+10 VI-10 V and -10 VI+10 V.) "2.4V 

~ 

ANALOG INPUT OVERVOLTAGE CHARACTERISTICS ANALOG INPUT 
OVERVOLTAGE CHARACTERISTICS 

.... 

r-~ 1 
dl ~ 

31 ANALOG INPUT /" '/ 4-!f*- r-CURRENT IIIN~ ./' 9 3-~E 
./ .... V 2-:;; 

.,1 .JII. V OUTPUT OFF 
31-Jr7 LEAKAGE CUR RENT-

'OIOFF) 

±15 i1a ±2l ±24 ±27 ±30 t33 ±36 
Y,N - Analog Input Overvoltage (Volts) 

TEST 
CIRCUIT 

NO.5 
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HI-506A/507A 

Performance Characteristics and Test Circuits (continued) 

ON CHANNEL CURRENT VS. VOLTAGE 
±14 l../"'J -55°C 

.......:: V +2SoC 

l/::: ~ ~+125oC 
.&. ~ 

~ V 

~ P'" 

V 
±2 !4 ±6 ±8 ±1O ±12 ±14 

V1N - Voltage Ac.rossSwltch 

SUPPLY CURRENT vs. TOGGLE FREQUENCY 

« 
E 

8 

6 

4 

2 

0 
lK 

I I 
vlSUPPLY = ±15", I 

VSUPPL'I = ±10V" // 
I t::::Y 

10K lOOK 1M 10M 
Toggle Frequencv, Hz 

ACCESS TIME VS. LOGIC LEVEL (HIGH) 

90 0 

Ok-

] 800 

E .= 70 

~ 60 
ii 

01\ , 
500 

:f. 
400 

0 

e-- _V~EF}OPEIN fo~ Logic Hi~h L';'1<16V I _ 

VREF= Logic High for Logic High Levels>6V 

" ....... 

30 3 4 5 6 7 8 9 10 11 12 13 14 15 

logic Level (High). Volts 

Switching Waveforms 

VAH 0 4.0V ADDRESS 

~
RIVEIVAI 

'.W AH OV 

I -

'~OV OUTPUT 

I 90% 
1 I • -lOV 

I I 
--.1 tA 1_ 

TEST 
CIRCUIT 

NO.6 

TEST 
CIRCUIT 

NO.7 

TEST 
CIRCUIT 

NO.8 

4-13 

ON CHANNEL CURRENT 
VS. VOLTAGE 

SUPPLY CURRENT 
VS. TOGGLE FREQUENCY 

A3 

A, I., 
VVA A, 'HI.506A THRU 

~ 
tNI5 

500 
AO tN16 

EN OUT 

-= -= +4. 

'Similar Connection for HI-507A -151-1OV 

ACCESS TIME 
VS. LOGIC LEVEL (HIGH) 

+15V 

VREF v' 
A3 IN' 

A, IN 2 THRU IN!5 

A, 

AO 'HI·506A IN 16 
PROBE 

EN OUT 
-----, 

-= -= +4.01' 

'Similar Connection for HI-507A 

I 
VA INPUT 

2VIOIV. 

OUTPUT A 

\ 5V/DIV. I 
I I 

\ ... J 
200nslDiv. 

7 

I 
I 
1 
I 
I 

- I L ____ -' 



HI-506A/507A 

Switching Waveforms (continued) 

VAH ~ 4.0V 

Ii ADDRESS 
~ ~VEIVAI 

~
DUTPUT 

50' 50" 

I I 

--+I I+-
'OPEN 

ENABLE DRIVE 

V AH 4.0 V 

5~- - - - ~ .... __ _ 

TEST 
CIRCUIT 

NO.9 

BREAK-BEFORE-MAKE 
DELAY (top EN) 

Vour 

125pF 

'Similar Connection for HI-50lA 

TEST 
CIRCUIT 
NO. 10 

ENABLE DELAY (tON(EN),tOFF(EN» 

BREAK-BE FORE-MAKE DELAY(tOPEN) 

V A I~PUT " 2VIDIV. 

ION 16 ON 

V O~TPui \ L 
1\ J 0.5v/DIV. '1 
V II 

100m/Ow. 

ENABLE DELAY (tON(EN),tOFF(EN» 

~\ 

1 
ov 

I 90' .r...---l:-.\ OUTPUT 

-....-_ ..... /: I ~ 
ION 

I OUTPUT ~ 
--+i 'ONIENII- I 'Off I 

I I -IIENII-

Schematic Diagrams 

I-- IN 1 THRU 2v/OIV. 

IN 16 OfF I 

100ns/0lv. 

'Similar Connection for HI-507A 

ADDRESS INPUT BUFFER 
AND LEVEL SHIFTER 

I r--... 

LEVEL 
SHIFTED 

ADDRESS 
roOECODE 

LEVEL 

...... +-::+-7- ,:~~i~ 
, , , 
I I L ___________________________________ J 
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HI-S06A/S07A 

Schematic Diagrams (continued) 

AJ OR A3 

ENABLE 

Al0 R Ai'" 

Delete A3 or As 
InputlOf HI-507A 

Die Characteristics 

MULTIPLEX SWITCH 

Transistor Count .................................. 485 

Die Dimensions .......................... 159 x 84 mils 

Substrate Potential' ........................ -VSUPPL Y 
Process .................................... CMOS-DI 
Thermal Constants (OC/W) 

Ceramic DIP 

CeramicLCC 

Sja 

50 

81 

Sjc 

18 

40 

*The substrata appears resistive to the -VSUPPL y terminal, therefore it may 
be left floating (Insulating Die Mount) or it may be mounted on a conductor 
at -VSUPPL y potential. 
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m HARRIS 

Features 
• Low On Resistance (Typ) •••••.•••• 1S00 

• Wide Analog Signal Range •••••••• :t15V 

• TTlJCMOS Compatible •••••••••••• 2.4V 
(Logic "1") 

• Fast Access • • • • • • • • • • • • • • • • • • • •• 250ns 

• Fast Settling (0.01 %) •••••••••••• 600ns 

• 44V Maximum Power Supply 

• Break-Before-Make Switching 

• No Latch-Up 

• Replaces DG50SAlDG508AA and 
DG509A1DG509AA 

Applications 
• Data Acquisition Systems 

• Precision Instrumentation 

• Demultlplexlng 

• Selector Switch 

Pinouts 
H11-508 (CERAMIC DIP) 
H13-508 (PLASTIC DIP) 

TOP VIEW 

AD Al 
ENABLE A2 

-VSUPPL Y GNO 

IN 1 +VSUPPl Y 
IN 2 IN 5 

IN 3 IN 6 

IN 4 IN 7 

OUT IN 8 

H14-508 (CERAMIC LCC) 
HI4P508 (PLCC) 

TOP VIEW 

HI-50S/509 

Description 

Single S/Differential 4 Channel 
CMOS Analog Multiplexers 

These monolithic CMOS multiplexers each include an array of eight analog switches, a 
digital decode circuij for channel selection, a voltage reference for logic thresholds, and 
an ENABLE input for device selection when several multiplexers are present. 

The Dielectric Isolation (01) process used in fabrication of these devices eliminates the 
problem of latch-up. Also, 01 offers much lower substrate leakage and parasitic 
capacitance than conventional junction-isolated CMOS (see Application Note 521). 
Combined with the low ON resistance (laOO typical), these benefits allow low static 
error, fast channel switching rates, and fast settling. 

Switches are guaranteed to break-before-make, so that two channels are never 
shorted together. 

The switching threshold for each digital input is established by an internal +5V refer· 
ence, providing a guaranteed minimum 2.4V for "1" and maximum o.av for "0". This 
allows direct interface without pull-up resistors to signals from most logic families: 
CMOS, TIL, DTL and some PMOS. For protection against transient overvoltage, the 
digital inputs include a series 2000 resistor and a diode clamp to each supply. 

The HI-50a is an eight channel single-ended multiplexer, and the HI-509 is a four 
channel differential version. Each device is available in a 16 pin Plastic or Ceramic DIP, 
a 20 pin Plastic Leaded Chip Carrier (PLCG) or 20 pad Ceramic Leadless Chip Carrier 
(LCG). If input overvoltage protection is needed, the HI-54a/549 multiplexers are 
recommended. 

The HI-5OB/509 is offered in both commercial and military grades, suitable for space· 
craft/military applications. For additional Hi-Rei screening including 160 hour burn-in, 
specify the "-a" suffix. For further information see Application Notes 520 and 521. For 
MIL-STD-aa3 compliant parts, request the HI-50a/aa3 or HI-509/aa3 data sheets. 

H11-509 (CERAMIC DIP) 
H13-509 (PLASTIC DIP) 

TOP VIEW 

AO Al 

ENABLE GND 

-VSUPPL Y +VSUPPlY 
IN lA IN lB 

IN 2A IN 2B 

IN 3A IN 3B 

IN 4A IN 48 

DUT A OUT B 

H14-509 (CERAMIC LCC) 
HI4P509 (PLCC) 

TOP VIEW 

'3 ' '2' I I '20' t19' 
•• J 

Functional Diagrams 

IN 2 L ___ 

• DECODER I 

• DRiVER 

• 
IN B l. ___ 

o-+--<f'.~--------~-oDUTA 

-VSUPPL Y 
_ .... L.J I...J I,. L.J 

~...: L_J [fa +VSUPPLY o-II--!<l':" ~t-:===-tr-oOUT B 

IN 1 ~J 

NC ~J 

IN2 :!J 
IN 3 iJ 

r-, ,..-, ... "' ,..-, r-, 
'9 1 '10' q" '12' '13' 

U! +VSUPPLY 

LlJi NC 

[1~ IN5 

[(4 IN 6 

IN lA 
-~ 

~J 

NC 
.~ 

~...l 

IN 2A :!J 
IN 3A 

.~ 

Li 

[(1 IN lB 

NC UJi 
~. 

IN 2B '15 L. 

iN 4B 

[f4 IN 3B 
1"'-' r-, r-, ,..-, r" 
'9\ '10' '11' '12' '131 

CAUTION: These devices are sensHive to electrostatic discharge. Proper IC handling procedures should be followed. 
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Specifications HI-SOB/Sag 

Absolute Maximum Ratings (Note 1) 

VSUPPL Y(+) to VSUPPL Y(-) .............................. 44V Continuous Current, S or 0: ............................. 20mA 

VSUPPL Y(+) to GND ..................................... 22V Peak Current, S or 0 

VSUPPL Y(-) to GND ..................................... 25V (Pulsed at 1 ms, 10% duty cycle max): .................. 40mA 

Digital Input Overvoltage Junction Temperature ................................ +1750 C 

+VEN, +VA ................................ +VSUPPLY +4V Operating Temperature Ranges: 

-VEN, -VA· ................................. -VSUPPL Y -4V HI-SOB/S09-2,-B ........................ -SSOCto+12SoC 

or 20mA, whichever occurs first HI-50B/S09-4 ..... . . . . . . . . . . . . . . . . . . . . . .. -2SoC to +BSoC 

Analog Signal Overvoltage (Note 7) HI-SOB/S09-S ............................... OOC to + 7SoC 

+VS ...................................... +VSUPPL Y +2V Storage Temperature Range ................. -6SoC to +1500C 

-VS······································· .-VSUPPLy-2V 

Electrical Specifications Unless Otherwise Specified: 

Supplies = +15V, -lSV; V AH (Logic Level High) = +2.4V; 

VAL (Logic Level Low) = +O.BV. For Test Conditions, consult Performance Characteristics Section. 

HI-508IHI·S09 HI·S08lS09 
-2, -8 

PARAMETER TEMP. MIN. TYP. 

ANALOG CHANNEL CHARACTERISTICS 

'VS, Analog Signal Range Full -15 
'RON, On Resistance (Note 2) +25°C 180 

Full 
L.RON, Any Two Channels +25°C 5 
'IS (OFF), Off Input Leakage Current (Note 3) +2SoC 0.03 

Full 
'10 (OFF), Off Output Leakage Current (Note 3) +25°C 0.3 

HI-508 Full 
HI-S09 Full 

'10 (ON), On Channel Leakage Current (Note 3) +25°C 0.3 
HI-508 Full 
HI-5Q9 Full 

'IDIFF, Differential Off Output Leakage Current Full 
(HI-509 Only) 

DIGITAL INPUT CHARACTERISTICS 

*VAL, Input Low Threshold Full 
'VAH" Input High Threshold Full 2.4 
'lA, Input Leakage Current (High or Low) (Note 4) Full 

SWITCHING CHARACTERISTICS 

'tA, Access Time +25°C 250 
Full 

'tOPEN, Break-Before-Make Interval +25°C 25 80 
'tON (EN), Enable Turn-On +25°C 250 

Full 
'tOFF (EN), Enable Turn-Off +25°C 250 

Full 
ts, Settling Time to 0.1% +25°C 360 

to 0.01% +25°C 600 
"Off Isolation" (Note S) +25°C 50 68 
Cs (OFF), Channel Input Capacilll:nce +25°C 5 
CD (OFF), Channel Output Capacitance HI-50B +25°C 22 

HI-509 +25°C 11 
CA, Digital Input Capacitance +25°C 5 
CDS (OFF), Input to Output Capacitance +25°C .08 

POWER REQUIREMENTS 

'1+, Positive Supply Current (Note 6) Full 1.5 
'1-, Negative Supply Current (Note 6» Full 0.4 
PO, Power Dissipation Full 

"100% tested for Oash 8. Leakage currents not tested at -55°C. 

NOTES: 
1. Absolute maximum ratings are limiting values, applied individually, be­

yond which the serviceability 01 the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily implied. 

2. VOUT = ±10V, lOUT = -lmA. 
3. Ten nanoamps is the practical lower limit for high speed measurement in 

the production test environment. 
4. Digital input leakage is primarily due to the clamp diodes (see Schematic). 

Typical leakage is less than 1 nA at 250 G. 

-4, -S 

MAX. MIN. TYP. MAX. ~NITS TRUTH TABLES 

+lS -lS +15 V HI-50S 
300 180 400 {l 

400 500 {l 

5 % "ON" 
0.03 nA EN CHANNEL A2 Al AD 50 50 nA 
0.3 nA X X X L NONE 

200 200 nA L L L H 1 

100 100 nA L L H H 2 

0.3 nA L H L H 3 

200 200 nA L H H H 4 

100 100 nA H L L H 5 

50 50 nA H L H H 6 
H H L H 7 
H H H H 8 

0.8 0.8 V 
2.4 V 

1.0 1.0 ,..A HI·509 

500 250 ns 
1000 1000 ns "ON" 

25 80 ns Al AD EN CHANNEL 
500 250 ns PAIR 
1000 1000 ns X X L NONE 
500 250 ns L L H 1 
1000 1000 ns L H H 2 

360 ns H L H 3 
600 ns H H H 4 

50 68 dB 
5 pF 

22 pF 
11 pF 
5 pF 

.08 pF 

2.4 1.5 2.4 mA 
1 0.4 1 mA 

51 51 mW 

5. VEN = O.BV, RL = 1 K, GL = 15pF, Vs = 7VRMS, 1 = 100kHz. Worst case 
isolation occurs on channel 4 due to proximity of the output pins. 

6. VEN, VA = OV or 2.4V. 
7. Signal voltage at any analog input or output (S or 0) will be clamped to the 

supply rail by internal diodes. LimH the resutting current as shown under 
absolute maximum ratings. If an overvoltage condition is anticipated (ana­
log input exceeds either power supply voltage), the Harris HI-548/549 
multiplexers are recommended. 
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HI-50B/509 

Performance Characteristics and Test Circuits 
Unless Otherwise Specified; TA = 25°C, VSupply = ±15 V, 
VAH = 2.4 V, VAL = 0.8 V. 

ON RESISTANCE vs. 
INPUT SIGNAL LEVEL, SUPPLY VOLTAGE 

400 

~ 100 

o 
-15 

ON RESISTANCE 

TEST CIRCUIT 
NO.1 

VS. ANALOG INPUT VOLTAGE, TEMPERATURE 

....-V 
TA = +125 0C - .- .......... 
TA=+250C -- ,./ -TA'" -550C 

-10 -5 +5 +10 +15 

VIN Analog Input(Volts) 

NORMALIZED ON RESISTANCE 
VS. SUPPLY VOLTAGE 

2.2 

'E 2.0 
'0 
~ 1.8 

~ 1.6 

<0 1.4 
> 
B 1.2 

~ 1.0 

~ 0.8 

O.R 

+1250C~TA~-550C 

Y,N = OV 

"-
......... 

.......... 

....... --
±7 ±8 ±9 flO ±t 1 t12 ±13 114 t15 

Supply Voltage (Volts) 

LEAKAGE CURRENT VS. TEMPERATURE 

j 
E 
.:: 

lOOnA 

lOnA ~I Off Output 
/ 

~leakageCurrent 
_ IOlOffl ~lolOnl -

onle~~ 
Current 

InA / / 

1,/ 

/' "" Off Input 

100pA V 
leakage Current -
IS IOffl 

10pA 
250 500 750 

Temperature DC 
1000 1250 

LOGIC THRESHOLD 
VS. POWER SUPPLY VOLTAGE 

I 

o 

--

l6 ±8 tlO t12 ±14 t16 t18 ±20 
Power Supply Voltage (Volts) 

TEST CIRCUIT 
NO. 2* 

~N "".BV 

OUT 

! A IO(OFF) 

±10V -=- --=-±10V 

.J- "* 
TEST CIRCUIT 

NO. 3* 

+2.4V 

_ ±10V 

f 

POWER SUPPLY CURRENT 
VS. TEMPERATURE 

3. 0 

0 

EN 5V .L-
0 

EN - OY -
O. 
-55-35-15 -5 25 45 65 85105125 

Temperature (OC) 

4-18 

TEST CIRCUIT 
NO. 4* 

±10V-=-

OUT 

I EN +O.SV _ ===.,OvL_-...:;;J 

* 

"Two measurements per channel: 
+10 V/-10 V and -10 V/+10 V. 

(Two measurements per device for IO(OFF) : 
+10 V/-10 Vand -10 V/+10 V.) 

OFF ISOLATION VS. 
FREQUENCY 

10 0 
111111 

0"- ;;;: RL = IK 
I -

0"" 
1'1 

- I~L 110M 
0 

II I 
0 VEN = oy'l I 

I I I II III!. 1 
o 
104 

CLOA~,~,~8pF 

105 

Frequency (Hz) 



HI-508/509 

Performance Characteristics and Test Circuits (continued) 

ON CHANNEL CURRENT VS. VOLTAGE 

VIN - Voltage Across Switch 

SUPPLY CURRENT VS. TOGGLE FREQUENCY 

] 
11 
;:: 

~ 
'" , 
$ 

'" 
/ 

E 6 

VSuppl y = ±l~y 

VSupply ::: ±10V ........ l!/ 2 

c, 

, V 
lK 10K lOOK 1M 10M 

Toggle FrequencY,Hz 

ACCESS TIME VS. LOGIC LEVEL (HIGH) 

600 

400 

r-.... 
r-.... 

200 

o 
2 " 13 

VAH - Logic level (High), Volts 

14 15 

Switching Wall 

35V ADDRESS 
. DRIVE (VA) 

50% r--\ _ .. -'~'OV 

~ --'--
+lOV 

~90% 
OUTPUT 

-lOV 
I 
I 

---..1 tA 1-

TEST 
CIRCUIT 

NO.5 

TEST 
CIRCUIT 

NO.6 

-=- -=-

ON CHANNEL CURRENT 
VS. VOLTAGE 

SUPPLY CURRENT 
VS. TOGGLE FREQUENCY 

A2 IN 2 

Al • HI-SOB THRU 
IN7 

AO IN 8 

EN OUT 
3.5V -v 

VA Low'" OV {
High =3.5V 

50% OUTY CYCLE 

'Similar connection for HI-S09 -15/-1OV 

TEST 
CIRCUIT 

NO.7 

ACCESS TIME 
VS. LOGIC LEVEL iHIGH) 

r-~~ ...... -I"2 
Al 

An 
EN 

+15V 

V+ 
IN 1 

IN 2 THRU IN 7t-o----, 

HI-508 INS 

'Similar connection for HI-S09 

ACCESS TIME 

I 
---, f- VA !NPUT 1"\ 

r/O1V l 
810N 

OUTPUT 

]ViOI, 

Sa. ON 11 
200 NS/DIV 
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Switching Waveforms (continued) 

HI-50B/509 

TEST 
CIRCUIT 

NO.8 

ADDRESS DRIVE BREAK-BEFORE-MAKE DELAY (tOPEN) 

3.5V 

IiADORESS 
~ ~VEIVAI 

50%· 50% 

t15V 

A, 
'V 
IN'~--,,--O 

'5V 

IN' 
THRU 

A, "HI-50a "'I-__ J 
AO IN 8 

VOUT 

~ 

BREAK-BEFORE-MAKE 
DELAY(tOPEN) 

I- VA INPUT 

rIO'V 

51 0N S 8 ON 

'\ 'T ~
DUTPUTA 

I I EN OUT 1---.--..--0 l-I ~~~~~: - I--
--+I I+--

'OPEN 

ENABLE DRIVE 

3.5V 

5~- - - - ~'-__ _ 

I I OV 

: 90%r---+:---'l OUTPUT A 

I I: I ~ 
~ 'ON·IENII- , 'OFF I , 1--' IENI'-

Schematic Diagrams 

-= +3.5V 

-15V 

'Similar connection for HI-S09 

TEST 
CIRCUIT 

NO.9 

ENABLE DELAY (tON(EN),tOFF(EN) 
+15V 

-15V 

OUT f-<:>-*-~ 

200 
!l 

'Similar connection for HI-S09 

-, 

-'-

IV 

100 NS/OIV 

ENABLE DELAY 
(tON(EN),tOFF(EN» 

I 
ENABLE 
DRIVE 

2~(DIV. 

T 
I 8, ON \ 

f- 82 THRU Sa OUTPUT ~ r-
I OFF I ,1VI0:V. 

I 
100 NS/DIV, 

f--

ADDRESS DECODER 
ADDRESS INPUT BUFFER 

LEVER SHIFTER 

ENABLE 

Delete A2 or A2 
Input for HI-509 

TO P-CHAN. 
DEVICE OF 
THE SWITCH 

TO N-CHAN. 
DeVICE OF 
THE SWITCH 

All N-Channel Bodies to V-
Ail P-Channel Bodies to V+ Unless Otherwise Indicated 
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Schematic Diagrams (continued) 

TTL REFERENCE CIRCUIT 

Applications 

Hi-50B/509 

MULTIPLEX SWITCH 

32 CHANNEL BUFFERED MULTIPLEXER 

CHANNEL 
HI50B 

1 ..... 4 -
OUT · · A2 · · · A1 

B 0 · 9 AO I---
EN 

4 HI-50B 

~. OUT 9 

· A2 · · A1 · AO ,,... . 9 
''V' EN 16 

10. 4 HI-50B 
OUT 17 

· · A2 · A1 · ,O-:---J! AO 
EN 24 

O~ 
HI-50B 

OUT 25 

· A2 31 4 1 2T B 7 6 5T <:> 200 · · A1 · HA-2405 

oi AO 
PRAM OUT 

10 
EN 32 

4 7 6 1 DO 01 EN COMP 

A 10 -
402BA B 13 

DECODER" C 12 

( ~ 6 ) ) ( 

• AO A1 A2. A3 A4 SYSTEM ENABLE 

CHANNEL SELECT 
"Optional; Provides Greater Isolation for AC Signals. 
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HI-50B/509 

Applications (continued) 

ONE OF 8 DECODER 

ACTIVE LOW ACTIVE HIGH 

r 
EN 

HI-50B 

~ 
OUT 

AD A1 A2 

666 

Die Characteristics 

+5V +5V 

. ~. ~:~. >~ ),10 :. > :'> > 
K 

I 
EN 

'" 
~ 

HI-50B 

"-' 
~ '-- OUT 
'" 
~ 

~ 

.() 
AD A1 A2 

~ 

6 6 6 

Transistor Count .................................. 243 

Die Dimensions ........................ 81.9 x 90.2 mils 

Substrate Potential* ........................ -VSUPPL Y 
Process .................................... CMOS-DI 

Thermal Constants (oC/W) 9ja 9jc 

Ceramic DIP 110 41 

Plastic DIP 80 31 

CeramicLCC 82 24 

*The substrate appears resistive to the -VSUPPL y terminal, therefore it may 
be left floating (Insulating Die Mount) or it may be mounted on a conductor 

at -VSUPPL y potential. 
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tlJHARRlS 

Features 
• Analog OvervoHage Protection ••• 70Vp_p 
• No Channel Interaction During 

Overvoltage 

• ESD Resistant ••••••••••••••••• > 4,000V 

• 44V Maximum Power Supply 

• Fail Safe with Power Loss (No Latch-Up) 

• Break-Before-Make Switching 

• Analog Signal Range •••••••••••••• ±15V 

• Access Time (Typical). • • • • • • • • • •• 500ns 

• Standby Power (Typical) ••••••••• 7.5mW 

Applications 
• Data Acquisition 

• Industrial Controls 

• Telemetry 

Pinouts 
H11-508A (CERAMIC DIP) 
HI3-508A (PLASTIC DIP) 

TOP VIEW 

AU Al 
ENABLE A2 

-VSUPPLY GNO 

IN 1 +VSUPPLY 
IN 2 IN 5 

IN 3 IN 6 
IN4 IN 7 

OUT IN 8 

H14-508A (CERAMIC LCC) 
TOP VIEW 

N 

" 
'19 1 "_J 

HI-50BA/509A 
Single 8/Differential 4 Channel CMOS Analog 

Multiplexers with Active Overvoltage Protection 

Description 
The HI-S08A and HI-S09A are analog multiplexers with Active Overvoltage Protection. 
Analog input levels may greatly exceed either power supply without damaging the de­
vice or disturbing the signal path of other channels. Active protection circuitry assures 
that signal fidelity is maintained even under fault conditions that would destroy other 
multiplexers. Analog inputs can withstand constant 70 volt peak-to-peak levels and 
typically survive static discharges beyond 4,000 volts. Digital inputs will also sustain 
continuous faults up to 4 volts greater than either supply. In addition, signal sources are 
protected from short circuiting should multiplexer supply loss occur; each input pre­
sents 1 kO of resistance under this condition. These features make the HI-S08A and 
HI-S09A ideal for use in systems where the analog inputs originate from extemal 
equipment or separately powered circuitry. Both devices are fabricated with 44 volt 
dielectrically isolated CMOS technology. The HI-S08A is an 8 channel device and the 
HI-S09 is a 4 channel differential version. If input overvoltage protection is not needed, 
the HI-S08 and HI-S09 multiplexers are recommended. For further information see 
Application Notes S20 and S21. 

Each device is available in a 16 pin Plastic or Ceramic DIP and a 20 pad Ceramic LCC 
package. 

The HI-S08A/S09A are offered in both commercial and military grades. Additional Hi­
Rei screening including 160 hour burn-in is specified by the "-8" suffix. For MIL-STD-
883 compliant parts, request the HI-548/883 or HI-549/883 data sheets. 

H11-509A (CERAMIC DIP) 
H13-509A (PLASTIC DIP) 

TOP VIEW 

AU Al 

ENABLE GNO 

-VSUPPLY +VSUPPLY 
IN lA IN 18 

IN 2A IN 28 
IN 3A IN 38 

IN 4A IN 4B 

OUT A OUT B 

H14-509A (CERAMIC LCC) 
TOP VIEW 

w 
~ 

'" " C 

::; 0 '-' :t z 

" z .. 
13 1 12' I I 120' ·19' "_J 

Functional Diagrams 

Ik 
IN I 

I 
OUT 

,-
Ik 

IN 2 
I L ___ 

• II OECOOER/ 
II DRIVER • II 

• II 
II 

Ik II 
IN 8 

I II 
L ___ 

HI-S08A 

IN IA o-+-M-_~-o,,!" ..... ----t-00UT A 
_-,L-.J L.J 111 L~J • [~ GNO -VSUPPL Y ~...: L_J [~ +VSUPPLY • -VSUPPLY 

r-, ,.-, r-, r-' 
I 9 I '10' '11' '12' 

.. , 
'13' 
~ 

!!! 

[(! 
[ij 
r-
015 L_ 

[1~ 

+VSUPPLY IN lA 

NC NC 

IN 5 IN 2A 

IN 6 IN 3A 

U1 IN 18 IN 4A 

[ij NC 
INIB 

r- • >15 IN 2B • L_ 

[(4 IN 38 IN 4B 

,.-, r-' ,.-, r-' .. , 
19 1 '10' '11' '12' '13' 

:i " '-' '" '" 
~ 

z 
~ 

.. 
!!! c c !!! 

CAUTION: These devices are sensnive to electrostatic discharge. Proper IC handling procedures should be followed. 
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Specifications HI-SOBA/S09A 

Absolute Maximum Ratings (Note 1) 

VSUPPL Y(+) to VSUPPL Y(-) .............................. 44V Continuous Current, S or 0: ............................. 20mA 

VSUPPLY(+) to GND ........... , ............. , ........... 22V Peak Current, S or 0 

VSUPPL Y(-) to GND ..................................... 25V (Pulsed at 1 ms, 10% duty cycle max): .................. 40mA 

Digital Input Overvoltage JunctionTemperature ................................ +175OC 

+VEN, +VA ................................ +VSUPPLY +4V Operating Temperature Ranges: 

-VEN, -VA· ................................. -VSUPPLY -4V HI-508N509A-2, -8 ...................... -55OC to +125OC 

or 20mA, whichever occurs first HI-508N509A-4 . . . . . . . . . . . . . . . . . . . . . . . . .. -250 C to +850 C 

Analog Signal Overvoltage (Note 7) HI-508N509A-5 ............................. oOC to +75OC 

+VS .................................... +VSUPPL Y +20V Storage Temperature Range ................. -650 C to +1500C 

-VS······································ -VSUPPLy-20V 

Electrical Specifications Unless Otherwise Specified: 

Supplies = +15V, -15V; VAH (Logic Level High) = +4.0V; 

VAL (Logic Level Low) = +0.8V. For Test Conditions, consult Performance Characteristics Section. 

PARAMETER 

ANALOG CHANNEL CHARACTERISTICS 

"VS, Analog Signal Range 
"RON, On Resistance (Note 2) 

"IS (OFF), Off Input Leakage Current (Note 3) 

"10 (OFF), Off Output Leakage Current (Note 3) 
HI-50BA 
HI-509A 

"ID(OFF) with Input Overvoltage Applied (Note 4) 

"10 (ON), On Channel Leakage Current (Note 3) 
HI-5OBA 
HI-509A 

101FF. Differential Off Output Leakage Current 
(HI-509A Only) 

DIGITAL INPUT CHARACTERISTICS 

"VAL, Input Low Threshold (Note 8) 
"VAH" Input High Threshold 
"IA Input Leakage Current (High or Low) (Note 5) 

SWITCHING CHARACTERISTICS 

"tA, Access Time 

"tOPEN, Break-Befora-Make Delay 
"tON (EN), Enable Delay (ON) 

"tOFF (EN), Enable Delay (OFF) 

Settling Time (0.1%) 
(0.01%) 

"OFF Isolation" (Note 6) 
Cs (OFF), Channel Input Capacitance 
CD (OFF), Channel Output Capacitance HI-50BA 

HI-509A 
CA, Digital Input Capacitance 
CDS (OFF). Input to Output Capacitance 

POWER REQUIREMENTS 

PO, Power Dissipation 

HI-508AlHI-509A HI-508AI509A 
-2, -8 -5 

TEMP. MIN. TYP. MAX. MIN. TYP. MAX. UNITS 

Full 
+25°C 

Full 
+25°C 

Full 
+25°C 

Full 
Full 

+25OC 
Full 

+25°C 
Full 
Full 
Full 

Full 

-15 

Full 4.0 
Full 

+25°C 
Full 

+25°C 25 
+25°C 

Full 
+25°C 

Full 
+25°C 
+25°C 
+25°C 50 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 

1.2 
1.5 

0.03 

0.1 

4.0 

0.1 

0.5 

80 
300 

300 

1.2 
3.5 
68 
5 

25 
12 
5 

0.1 

7.5 

+15 -15 
1.5 
1.8 

50 

200 
100 

2.0 

200 
100 
50 

0.8 

1.0 

1.0 

500 
1000 
500 
1000 

4.0 

25 

50 

1.5 
1.8 

0.03 

0.1 

4.0 

0.1 

0.5 

80 
300 

300 

1.2 
3.5 
68 
5 

25 
12 
5 

0.1 

+15 
1.8 
2.0 

50 

200 
100 

200 
100 
50 

0.8 

1.0 

1.0 

1000 

1000 

V 
kll 
kll 
nA 
nA 
nA 
nA 
nA 
nA 

~ 
nA 
nA 
nA 
nA 

V 
V 
~ 

itS 
itS 
ns 
ns 
ns 
ns 
ns 
itS 
!IS 
dB 
pF 
pF 
pF 
pF 
pF 

7.5 mW 

TRUTH TABLES 

HI·SOBA 

x X X L 
L L L H 
L L H H 
L H L H 
L H H H 
H L L H 
H L H H 
H H L H 
H H H H 

"ON" 
CHANNEL 

NONE 
1 
2 
3 
4 
5 
6 
7 
8 

HI·S09A 

AI AD EN 

X X L 
L L H 
L H H 
H L H 
H H H 

"ON" 
CHANNEL 

PAIR 

NONE 
1 
2 
3 
4 

"1+, Current (Note 7) 
Full 
Full 
Full 

0.5 2.0 0.5 2.0 rnA 
"1-, Current (Note 7) 0.02 1.0 0.02 1.0 rnA 

*100% tested for Dash 8. Leakage currents not tested at _55°C. 

NOTES: 
1. Absolute maximum ratings are limiting valuBs, applied individually, be' 

yond which the serviceability of the circuij may be impaired. Functional 
operation under any of these conditions is not necessarily implied. 

2. VOUT = ±10V, lOUT = -100~A. 
3. Ten nanoamps is the practical lower limit for high speed measurement in 

the production test environment. 
4. Analog Overvoltage = ±33V. 

5. Digital input leakage is primarily due to the clamp diodes (see Schematic). 
Typical leakage is less than 1 nA at 250C. 

6. VEN = O.BV. RL = 1 K, CL = 15pF. Vs = 7VRMS. f = 100kHz. Worst Case 
isolation occurs on channel 4 due to proximity of the output pins. 

7. VEN, VA = OV or 4.0V. 
B. To drive from DTLmL Circuits, 1 kfl pull-up resistors to +5.0V supply are 

recommended. 
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HI-50BA/509A 

Performance Characteristics and Test Circuits 
Unless Otherwise Specified TA = 2SoC, VSupply = ±1S V. 
VAH = +4 V, VAL = 0.8 V 

ON RESISTANCE VS. 
INPUT SIGNAL LEVEL, SUPPLY VOLTAGE 

1.4 

I, 

I, 

1. 

1. 

O. 

O. 

3 

2 

I 

0 

9 

8 

ON RESISTANCE 
VS. ANALOG INPUT VOLTAGE 

TA "'+1250C 
I 

TA '" +250C 

T A = _55DC 

-10 -8 -6 -4 -2 
VIN - Analog Input (Volts) 

LEAKAGE CURRENT VS. TEMPERATURE 
100nA 

LEAKAGE 

OFF OUTPUT ./ J 

~~3~~~~~-
CURRENT ./ 

E 1nA 
IO(ON) "- -I/' / 

.§ 

./ 

-'" ./ pm~~~TCURRENT -
/' V IS (OFF) 

100pA 

10pA 
25 50 75· 100 

Temperature _oC 

. 
ANALOG INPUT 

OVERVOLTAGE CHARACTERISTICS 

I-~ I 
d 1 ......... 

31. ANALOG INPUT ...,.,.~ / 4 .... ::::-

~ 18 

~ 15 

~ 12 

! !E 
9 3.~ E 

r-CURRENT III~ 
V 

......- V .... 
z.~ I 

~ P""" OUTPUT OFF 

1'~r7 LEAKAGE CURRENT-
IOIOFFI 

~ 6 

"" 1=3 
±15 ±18 ±2l ±24 ±27 f30 ±33 ±36 

VIN - Analog Input Overvoltage (Volts) 

TeST CIRCUIT 
NO.1 

~ 

~ ~ 1.5 

~ ~ 1.4 
";;:; +1 
~ ~ 1.3 
c • 

.g ~ 1.2 

i~ 1. 
I 

.il ~ 1.0 

g 0.9 

0.8 

R _ V2 
ON - 100ilA 

NORMALIZED ON RESISTANCE 
VS. SUPPLY VOLTAGE 

+12SDC ~TA ~-55DC _ 
VIN =+5V 

..... 

" ........ 
......... ~ 

10 ±5 ±6 ±7 ±fI ±9 itO ±ll ±T2 ±13 ±14 ±t5 

Supply Voltage - Volts 

TeST CIRCUIT 
NO. 2* 

~
N +a.BV 

OUT 

j A IO(OFFI 

±10V -=- -=- +lOV 

~ ~ 

TeST CIRCUIT 
NO. 4* 

HV 

_ ±lOV 

f 

±10V-=-

J 

TeST CIRCUIT 
NO. 3* 

EN 

OUT 

"Two measurements per channel: 
+10 V/-10 V and -10 V/+10 V . 

+O.8V 

(Two measurements per device for IO(OFF): 
+10 V/-1O V and -10 Vi+10 V.) 

TeST CIRCUIT 
NO.5 

ANALOG INPUT 
OVERVOLTAGE CHARACTERISTICS 
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HI-SOBA/S09A 

Performance Characteristics and Test Circuits (continued) 

ON CHANNEL CURRENT vs. VOLTAGE 
±14 

1 ±12 

E ±lO 

h 
i/": 
~ 

1/:-550 C 

V" +250C 

~+1250C ~ 
'" ±8 .&. ~ 1 ±Ii 

'" ±4 , 
-

±2 

:.a ~ 
~ P'" 

~ 
±8 ±8 ±10 ±12 

VIN - Voltage Across Switch 

SUPPLY CURRENT VS. TOGGLE FREQUENCY 
8:r----,r----.-----r----1r--~ 

] 
E ;:: 
~ 
1l 
.:i. , 
:!-

<C 
E 

is:r-----t----r-----r-----Hr--~ 
~ 
'" j4 
'" , 
±'2r-----r--~r--~~~~r---~ 

lK 10K lOOK 1M 10M 
Toggle Frequency. Hz 

ACCESS TIME VS. LOGIC LEVEL (HIGH) 

90 0 

80 0 

70 0 

60 

50 

40 

oil 
~ 0 ....... 

0 "" 0 
30 3 4 5 6 7 8 9 10 11 12 13 14 15 

logic level (High). Volts 

Switching Waveforms 

VAH =4.0 ADDRESS 

~
. DRIVEIVAI 

5" W 
I -

+~OV OUTPUT A 

I 90% 
I I -IOV 

I I 
--+1 'A I_ 

TEST CIRCUIT 
NO.6 ON CHANNEL CURRENT 

vs. VOLTAGE 

r--t-().--o--+--{ A 

+15J+1OV 

SUPPLY CURRENT 
VS. TOGGLE FREQUENCY 

TEST CIRCUIT 
NO.7 ±101±5V 

IN't-~:>--

'HI-50BA T~~~r-~r-" 

-=- -=- +4V 

VAH :4V 
VAL = nav 
50% DUTYGYCLE 

'Similar connection for HI-509A 

ACCESS TIME TEST CIRCUIT 
NO.8 VS. LOGIC LEVEL (HIGH) 

A, 
IN, 

A, 
IN 2THRU IN 7 

AD 'HI-50BA IN 8 

50n EN 
OUT 

-=- tVAH 

'Similar connection for HI-509A 

ACCESS TIME 

I-- t-- VA I~PUT 1 
2VIDIV. I 

ilUTPUT A 

\ 5y/DlVj J 
J 

200nsJOtv. 
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HI·SOBA/S09A 

Switching Waveforms (continued) 

TEST CIRCUIT 
NO.9 

VAW4.0 

Ii ADDRESS 

BREAK·BEFORE·MAKE DELAY(tOPEN) 

~ ~VEIVAI 

---:;y:;:- OUTPUT 

50°'0 50% 

I I 

-+I t+-
IOPEN 

ENABLE DRIVE 

VAH= 4.0 

5~- - - - t .... ---
OV 

I 90%r,..--i!-...,\ OUTPUT 

_......-_ ..... /: I ~ 
~ IONIENII_ I 'OFF I 

t I --+1 IENI I+--

Schematic Diagrams 

r-

.5V 
A, IN 1 1-----<.-<:> 

'Similar connection for HI·509A 

TEST CIRCUIT 
NO. 10 

VOUT 

ENABLE DELAY (tON(EN),tOFF(EN» 

IN 1 
A, • HI·S08A IN 2 
AI 

THRU 

IN B 

OUTf-Q-.,_-, 

IK 

'Similar connection for HI·509A 

TTL REFERENCE CIRCUIT r------- ---, 
I V+ I 
I I 
I I 
I I 
I I 

I 
I 
I 

I 03 I 
I I L __ G,!!D ______ ...J 

lEVel. SHIFTER 

BREAK·BEFORE·MAKE DELAY (tOPEN) 

VA I~PUT 
2V/DIV. 

V'" OUTPUT \ , 
lv .5VIOIV. '1 
V ~ 

lOOns/D,y. 

ENABLE DELAY (tON(EN),tOFF(EN» 

ENiBLE [1 
DRIVE II 2V/OIV. 

, 
[I OUTPUT \ 2VIDIV. 

lOOns/D,y. 

ADDRESS INPUT BUFFER 
AND LEVEL SHIFTER 

f'. 

lEVEl 
SHIFTED 
ADDRESS 
TO DECODE 

LEVEL 
+-+--:+--t+ SHIFTED 

I 

ADDRESS 
TO DECODE 

~D I L ____________ . ___ . ___________________ .--1 
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HI-50BA/509A 

Schematic Diagrams (continued) ADDRESS DECODER - . ..g 

ENABLE 

TO P-CHANNEl 
DEVICE OF 
THE SWITCH PAIR 

TO N·CHANNEL 
DEVICE OF 
THE SWITCH PAIR 

MULTIPLEX SWITCH 
oE~~g~ >.::>----------.--------~r____, 

OVERVOLTAGE PROTECTION r--------

Rll 
IN 

lK 

V-

L _______________ ~ 

OE~~~~ >.>------------...... --------' 

Die Characteristics 

Transistor Count .................................. 253 

Die Dimensions .......................... 108 x 83 mils 

Substrate Potential* ........................ -VSUPPL Y 

Process .................................... CMOS-DI 

Thermal Constants (OC/W) Sja Sjc 

Ceramic DIP 104 35 

Plastic DIP 75 23 
CeramicLCC 76 19 

*The substrate appears reSistive to the -VSUPPLY terminal, therefore it may 
be left floating (Insulating Die Mount) or it may be mounted on a conductor 
at -VSUPPL y potential. 
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m HARRIS 

Features 
• Access Time (Typical) ....................... 130ns 
• Settling Time (0.1 %) •••.••..•........•.••..•• 250ns 
• Low Leakage (Typical) 
~ IS(OFF) ...........•..••.•.........•.....••. 10pA 
~ IO(OFF) ...........•........................ 30pA 

• Low Capacitance (Max) 
~ CS(OFF) ..................•..•......•...... 10pF 
~ CO(OFF) ..................•................ 25pF 

• High Off Isolation at 500kHz (Min) .........•... 55dB 
• Low Charge Injection Error ........•...•...... 20mV 
• Single Ended to Differential Selectable (SDS) 
• Logic Level Selectable (LLS) 

Applications 
• Data Acquisition Systems 
• Precision Instrumentation 
• Industrial Control 

Pinouts 

CERAMIC/PLASTIC DIP 
TOP VIEW 

IN2/ZA 

IN 15/78 

IN 14/68 

IN 13/58 

IN 12/4B 

IN 11/38 

IN 10/28 

IN9/1S 

~ 
z li 

LCC/PLCC 
TOP VIEW 

'" 
~ 

... 
j; ~ > '" 

! 
z 

~l t~J t!l: : t2..8J t2Jj tZ.&J r-
!J t!J t~ IN 7/1S 

1J r~ IN 6/SA 

IN4/4A 

IN313A 

IN212A 

IN1I1A 

HI·516 
16 Channel/Differential 8 Channel 

CMOS High Speed Analog Multiplexer 

Description 
The HI-516 is a monolithic dielectrically isolated, high 
speed, high performance CMOS analog multiplexer. It 
offers unique built-in channel selection decoding plus an 
inhibit input for disabling all channels. The dual function 
of address input A3 enables the HI-516 to be user pro­
grammed either as a Single ended 16-channel multiplexer 
by connecting 'out A' to 'out S' and using A3 as a digital 
address input, or as an 8-channel differential multiplexer 
by connecting A3 to the V- supply. The substrate leakages 
and parasitic capacitances are reduced substantially by 
using the Harris Dielectric Isolation process to achieve 
optimum performance in both high and low level signal 
applications. The low output leakage current (I DOFF < 
100pA at 250 C) and fast settling (tSETTLE = 800ns to 
0.01%) characteristics of the device make it an ideal 
choice for high speed data acquisition systems, precision 
instrumentation, and industrial process control. 

The HI-516 is available in 28 pin Ceramic or Plastic DIPs 
or in 28 pin Ceramic LCC or PLCC packages. For Mil-Std-
883 compliant parts, request the HI-516/883 data sheet. 

Functional Diagram 

VDD/LLS 

EN>1----------~~ 

AO>-i,----------"Tt+i 
A1>-ir-------~+t+i 

A2>-ir-------"Tt+t+i 
A3 

IN1A 

I 

iOUTA 

I 
I 
liN 8A 

I 
I 
I 
I 

A3 Decode 

I 
I 
I 
I 
I 
I 
I 
I 
I 

liN 1B 

A3 Q Q 

H H L 

L H DE-

V- CODER 

I I I 
I . I: 
L __________ ~ ____ ~ 

INPUT BUFFER AND DECODERS MULTIPLEXER 
SWITCHES 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.e. handling procedures should be followed. 
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Specifications HI-516 

Absolute Maximum Ratings (Note 1) 
Voltage Between Supply Pins ...................................... 33V CMOS Levels Selected (VDD/LLS Pin = VDD) 
Analog Input Voltage +VA··················································· ....... +VSUPPL Y +2V 

+VIN ........................................................ +VSUPPL Y +2V -VA ............................................................................... -2V 
-VIN·················································· ........ -VSUPPLY -2V Junction Temperature (Max) .................................... 1750C 

Digital Input Voltage Operating Temperature Ranges: 
TTL Levels Selected (VDD/LLS Pin = GND or Open) HI-S16-2, -8 .......................................... -5SoC to +12SoC 
+VA ............................................................................. +6V HI-S16-S ..................................................... 00C to +750C 
-VA ............................................................................... -6V Storage Temperature Range .................. -650C to +1S00C 
+A3/SDS ................................................. +VSUPPL Y +2V 
-A3/SDS .................................................. -VSUPPL Y -2V 

Electrical Specifications (Unless otherwise specified) Supplies = +1SV, -15V; VAH (Logic Level High) = +2.4V, 
VAL (Logic Level Low) = +0.8V; VOD/LLS = GND. (Note 2) 

HI-516-2, -8 HI-516-5 

PARAMETER TEMP MIN 

ANALOG CHANNEL CHARACTERISTICS 

VIN, Analog Signal Range (Note 3) Full -14 
RON, On Resistance (Note 4) +250 C 

Full 
IS (0 FF), Off Input leakage Current +250 C 

Full 
10(OFF). Off Output leakage Current +250 C 

Full 
10(ON), On Channel leakage Current +250 C 

Full 
OIGITAllNPUT CHARACTERISTICS 

VAL Input Low Threshold (TTL) Full 
VAH Input High Threshold (TTl) Full 2.4 
VAL Input low Threshold (CMOS) Full 
VAH Input High Threshold (CMOS) Full 0.7VOO 
IAH Input leakage Current (High) Full 
IAl Current (low) Full 
SWITCHING CHARACTERISTICS 

tAo Access Time +250 C 
Full 

tOPEN. Break before make delay +250 C 10 
tON(EN), Enable Oelay (ON) +250 C 
tOFF(EN), Enable Oelay (OFF) +250 C 
Settling Time (0.1%) +250 C 

(0.01%) +250 C 
Charge Injection Error (Note 5) +250 C 
Off Isolation (Note 6) +250 C 55 
CS(OFF), Channel Input Capacitance +250 C 
C 0(0 F F), Channel Output Capacitance +250 C 
CA, Digital Input Capacitance +250 C 
COS(OFF). Input to Output Capacitance +250 C 
POWER REQUIREMENTS 

PO. Power Dissipation Full 
1+, Current (Note 7) Full 
1-. Current (Note 7) Full 

NOTES: 1. Absolute maxImum ratIngs are lImIting values, applIed indI­
vidually. beyond which the serviceability 01 the circuit may be im­
paired. Functional operation under any of these conditions is not 
necessarily implied. 

2. VOO/LLS pin = open or grounded lor TTL competibilijy. 
VOO/LLS pin = VOO lor CMOS Compatibility 

3. At temperatures above 900C, care must be taken to lassure VIN 
remains at least 1.0V below the VSUPPLY lor proper operation. 

4-30 

TYP MAX MIN TYP MAX UNITS 

+14 -15 +15 V 
620 750 620 750 .n 

1.000 1,000 .n 
0.01 0.01 nA 

50 50 nA 
0.03 0.03 nA 

100 100 nA 
0.04 0.04 nA 

100 100 nA 

0.8 0.8 V 
2.4 V 

0.3V OO 0.3V OO V 
O.7VOO V 

1 1 IJA 
25 25 IJ.A 

130 175 130 175 ns 
225 225 ns 

20 10 20 ns 
120 175 120 175 ns 
140 175 140 175 ns 
250 250 ns 
800 800 ns 

20 20 mV 
55 dB 

10 10 pF 

25 25 pF 
10 10 pF 

0.02 0.02 pF 

750 900 mW 
25 30 rnA 
25 30 rnA 

4. VIN = ±10V. lOUT = -1001lA 
5. VIN = OV. CL = 100pF, Enable input pulse = 3V, I = 500kHz. 
6. VEN = O.BV, Vs = 3VRMS, I = 500kHz, CL = 40pF, RL = 1 K, 

Pin 3 grounded. 
7. VEN = +2.4V 



HI-516 

TRUTH TABLES 

HI-51S USED AS A IS-CHANNEL MULTIPLEXER OR HI-51S USED AS A DI.FFERENTIAL 

8 CHANNEL DIFFERENTIAL MULTIPLEXER * 8-CHANNEL MULTIPLEXER 

USE A3 AS DIGITAL A3 CONNECT TO V- SUPPL Y ON CHANNEL TO 

ADDRESS INPUT ON CHANNEL TO 
ENABLE A2 Al 

ENABLE A3 A2 Al AO OUT A OUT B 
L X X 

L X X X X NONE NONE H L L 

H L L L L lA NONE H L L 

H L L L H 2A NONE H L H 

H L L H L 3A I'iONE H L H 

H L L H H 4A NONE H H L 

H L H L L 5A NONE H H L 

H L H L H SA NONE H H H 

H L H H L 7A NONE H H H 

H L H H H 8A NONE 

H H L L L NONE lB 

H H L L H NONE 2B 

H H L H L NONE 3B 

H H L H H NONE 4B 

H H H L L NONE 5B 

H H H L H NONE SB 

H H H H L NONE 7B 

H H H H H NONE 8B 

• For 16-Channel single-ended function, tie 'out A' to 
'out B', for dual 8-channel functIon use the A3 address 
pin to select between MUX A and MUX S, where MUX A 
is selected with A3 low. 

Die Characteristics 

Transistor Count ............................................................. 647 

Die Dimension ............................................... 89 x 146 mils 

Substrate Potential' ........................................... -VSUPPL Y 
Process: ................................................................. CMOS-DI 

Thermal Constants (OC/W) 

Ceramic DIP 

Ceramic LCC 

lija 
50 
81 

lijc 
18 

40 
*The substrate appears resistive to the -VSUPPLY terminal, therefore it 
may be left floating (Insulating Die Mount) or it may be mounted on acon­
ductor at -VSUPPLY potential. 
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AO OUT A OUT B 

X NONE NONE 

L lA lB 

H 2A 2B 

L 3A 3B 

H 4A 4B 

L 5A 5B 

H SA SB 

L 7A 7B 

H 8A 8B 

CO .,... 
II) 

.!. 
::J: 

1/1 
II: 
III 
>< 
III 
....I 

! Q, 

5 
:J 
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HI-516 

P9rformance Characteristics and Test Circuits 

TEST CIRCUIT NO.1 

ON RESISTANCE vs. INPUT SIGNAL LEVEL 

±10V 

-lOUT 100JLA 

----- V2 ----

IN OUT 

RON=~ 
100"A 

TEST CIRCUIT NO. 3* 

OUT 

±10V-=-
+O.8V I EN 

-=-+10V 

i. 

±10V-=-

l 

+10V-=-

I 

TEST CIRCUIT NO.5 
ACCESS TIME 

3.5V ADDRESS 

A3/SDS 

A2 

A1 

Ao 

~
RIVE(VAJ 

50% OV 

/ -
+~ OUTPUT 

: ~-1DV 
/ / = 

50n 

2.4V 

-+1 tA /+--

TEST CIRCUIT NO. 2* 

TEST CIRCUIT NO. 4* 

OUT 

EN A IO(ON) 

±10V --
.I. 
-+2.4V 

+15V 

V+ 
IN 1 ±10V 

IN 2THRU 
IN 15 

IN 16 :;OlOV 
PROBE -----, 

I 
I 

12.5 1 
pF I 

I 
- I L ____ ~ 

'Two measurements per channel: +10V/-l0V and -1 OV/+1 OV . 
(Two measurements per device for 'O(OFFI: +10V/-l0V and -10V/+10VI 
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HI-516 

Performance Characteristics and Test Circuits (Continued) 

TEST CIRCUIT NO.6 

ENABLE DRIVE BREAK-BEFORE MAKE DELAY hOPEN) 

3.5V 

r--l ADDRESS 
~ ~VEIVAI 

--:;y:;:- OUTPUT A 

50% 50% 

I , 

-~ 'OPEN 

TEST CIRCUIT NO.7 

+15V 

A3 V+ 
A2 IN 1 

IN 2 THRU IN 15 
Al -= 
AO 

IN 16 

ENABLE DRIVE ENABLE DELAY hON(EN). tOFF(EN)) 

3.5V 

5~-
I 
I 

A3 

A2 --~ ....... --

I 90%{ 

, I 
-+J 'ONIENII+-- I 

I 1-+1 

3.0V 

OV 

Al - Ao 
~UTA 

90% 

'OFF I 
IENI'+--

TEST CIRCUIT NO.8 
CHARGE INJECTION TEST CIRCUIT 

+2.4V 

EN~ 

+15V 

V+ 
IN 1 

IN2 
lliRU 
IN16 

OUT 

+15V 

+5V 

VOUT 

12.5pF 

VO~ .. ...:;,;;..:...+-.... -oVO 

T 

AVO'S THE MEASURED VOLTAGE ERROR 
DUE TO CHARGE INJECTION. THE ERROR 
VOLTAGE IN COULOMBS IS Q = CLX AVo. 
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m H.ARRIS HI·518 
8 Channel/Differential 

4 Channel CMOS High Speed Analog Multiplexer 

Features 
• Access Time (Typical) •..•.......•..••.••..•• 130ns 
• Settling Time (0.1 %) ...••...•..•..•.......... 250ns 
• low leakage (Typical) 
~ IS(OFF) ••••..••.••..••......•..•••...••....• 5pA 
~ IO(OFF) ••..•..•....•.••..••.•.•.••...••..•. 15pA 

• low Capacitance (Max) 
~ CS(OFF) •.••...•...•........................ 5pF 
~ CO(OFF) •••••..........•...•...•..•........ 10pF 

• High Off Isolation at 500kHz (Min) ...•....•..•• 45dB 
• low Charge Injection Error •..•••..••.••..•... 25mV 
• Single Ended to Differential Selectable (SOS) 
• logic level Selectable (llS) 

Description 

The HI-518 is a monolithic dielectrically isolated, high 
speed, high performance CMOS analog multiplexer. It 
offers unique built-in channel selection decoding plus an 
inhibit input for disabling all channels. The dual function 
of address input A2 enables the HI-518 to be user 
programmed either as a single ended 8-channel multi­
plexer by connection 'out A' to 'out B' and using A2 as a 
digital address input, or as a 4-channel differential multi­
plexer by connecting A2 to V- supply. The substrate 
leakages and parasitic capacitances are reduced sub­
stantially by using the Harris dielectric isolation process 
to achieve optimum performance in both high and low 

Pinouts 
CERAMIC/PLASTIC DIP 

TOP VIEW 

... 
" C> 

LCC/PLCC 
TOP VIEW 

.. 
+ u ~ 
> Z C> 

131 12' I I '20' 
_ .,L_~ L.J I I " • .1 

,:. 

Applications 
• Data Acquisition Systems 
• Precision Instrumentation 
• Industrial Control 

level signal applications. The low output leakage current 
(lDOFF < 100pA @ +250 C) and fast settling (tSETTLE ~ 
800ns to 0.01%) characteristics of the device make it an 
ideal choice for high speed data acquisition systems, pre­
cision instrumentation, and industrial process control. 

The HI-518 is available in an 18 lead Ceramic or Plastic 
dual-in-line package and a 20 pin LCC or PLCC package. 
It is offered in two operating ranges: -550 C to +1250 C and 
OOC to +750 C. For MIL-STD-883 compliant parts, request 
the HI-518/883 data sheet. 

Functional Diagram 

r----
I 
I 
I 

VoO/LLS ------rL..-----

EN >-+----r-H DECODER 

Ao>-+----rl-+l 

IN 1A 

IDUTA 

I IN4A 

IN8/48 !.J L~J IN4/4A A, >-+-----,r+-I-+I 
IN7IJB 

-., 
5, -... 

IN6/28 
-, 
& • -... 

IN5/1B 
-, 
7· 
--' 

GNU 
-, 
!..i r-, ,.-, ,.-, r-' 

, 91 .10_ 111' .12' 

~ :!l u ;;: 

~ ~ 
z 

> 

IN31lA 

IN2/2A 

tNI/IA 

ENABLE 

r" 
1131 

~ 

... 

A2 DECODe I 
A2 Q Q I 

I 
I 
I 
I 
I 

IN 18 

10UTe 

DECODER 
I IN4B 

I I L ___________ -L ______ ~ 
INPUT BUFFER AND DECODERS MULTIPLEXER SWITCHES 

CAUTION: These devices are sensitive to electrostatic discharge. Proper Ie handling procedures should be followed. 
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Specifications HI-518 

Absolute Maximum Ratings (Note 1) 

Analog Input Voltage 
+VIN ........................................................ +VSUPPL Y +2V 
-VIN···· .. ··· .. ····· .... · .... ·· .... · ........ ·· .. ···· .. ·· .. ···· -VSUPPLY -2V 

Oigital Input Voltage 
TTL Levels Selected (VOO/LLS Pin = GNO or Open) 

+V k ............................................................................. +6V 
-VA .... ··· .... · .. ·· .... · .... · .... · ................ ·· .............. · .......... · .... -6V 
A2/S0S ................................................... +VSUPPL Y +2V 
A2/S0S .................................................... -VSUPPLY -2V 

Voltage Between Supply Pins ...................................... 33V 

CMOS Levels Selected (VOO/LLS Pin = VOO) 
+VA .............................................. ·· .... · .. ··· +VSUPPL Y +2V 
-VA ............................................................................... -2V 

Operating Temperature Ranges 
HI-51S-2/-S ........................................... -550 C to +1250 C 
HI-51S-5 ..................................................... 00 C to +750 C 

Storage Temperature Range .................. -650 C to +1500 C 
Junction Temperature (Max) .................................... 1750 C 

Electrical Specifications (Unless Otherwise Specified) Supplies = +15V, -15V; VAH (Logic Level High) = +2.4V, 

VAL (Logic Level Low) = +O.BV; VOO/LLS = GNO (Note 2) 

H 1-518-2, -8 HI-518-5 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

ANALOG CHANNEL 
CHARACTERISTICS 

VIN Analog Signal Range (Note 3) Full -14 +14 -15 +15 V 

RON On Resistance (Note 4) +250C 480 750 480 750 n 
Full 1000 1000 n 

IS 10FF) Off Input +250C 0.01 0.01 nA 
Leakage Current Full 50 50 nA 

10 (OFF) Off Output +250C 0.015 0.015 nA 
Leakage Current Full 50 50 nA 

10 (ON) On Channel +250C 0.015 0.015 nA 
Leakage Current Full 50 50 nA 

DIGITAL INPUT 
CHARACTERISTICS 

VAL Input Low Threshold (TTL) Full 0.8 0.8 V 

VAH Input High Threshold (TTL) Full 2.4 2.4 V 

VAL Input Low Threshold (CMOS) Full 0.3V OO 0.3VOO V 

VAH Input High Threshold (CMOS) Full O.7VDD 0.7VOD V 

IAH Input Leakage Current (High) Full 1 JlA 

IAL Input Leakage Current (Low) Full 20 20 JlA 

SWITCHING CHARACTERISTICS 

tA, Access Time +250C 130 175 130 175 
Full 225 225 ns 

tOPEN, Break before make Oelay +250C 10 20 10 20 ns 

tON (EN), Enable Oelay (ON) +250C 120 175 120 175 ns 

tOFF (EN), Enable Oelay (OFF) +250C 140 175 140 175 ns 

'Settling Time (0.1%) +250C 250 250 ns 

(0.01%) +250C 800 800 ns 

Charge Injection Error (Note 5) +250C 25 25 mV 

Off Isolation (Note 6) +250C 45 45 dB 

Cs (0 F F) Channel I nput Capacitance +250C pF 

Co (OFF) Channel 
OutPllt Capacitance +250C 10 10 pF 

CA. Digital Input Capacitance +250C 5 pF 

COS (OFF) Input to Output 
Capacitance +250 C 0.02 0.02 pF 

POWER REQUIREMENTS 

PO, Power Dissipation Full 450 540 mW 

1+, Current (Note 7) Full 15 18 rnA 

1-, Current (Note 7) Full 15 18 rnA 
NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, 4. VIN = ±10V, lOUT = -lOOIlA· 
beyond which the serviceability of the circuit may be impaired. 5. VIN = OV, CL = 100pF, Enable Input Pulse = 3V, f = 500kHz. 
Functional operation under any of these conditions is not necessarily 6. CL = 40pF, RL = 1k. Due to the pin to pin capa'citance between IN 8/4B 
implied. and OUT B channel 6/4B exhibits 60dB of OFF Isolation under the 

2. VDD/LLS Pin =. Open or Grounded for TTL compatibility. VDD/LLS above test conditions. 
pin = VDD for CMOS compatibilijy. 7. VEN = 2.4V. 

3. At temperatures above +90oC, care must be taken to assure VIN re-
mains at least 1.0V below the VSUPPLY. 
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H/~518 

Truth Tables 

HI.518 USED AS A 8 CHANNEL MULTIPLEXER OR HI·518 USED AS DIFFERENTIAL 
4 CHANNEL DIFFERENTIAL MULTIPLEXER 4 CHANNEL MULTIPLEXER 

USE A2 AS DIGITAL A2 CONNECT TO 
ADDRESS INPUT ON CHANNEL TO V-SUPPLY ON CHANNEL TO 

ENABLE A2 Al AO OUT A OUT B ENABLE Al AO OUTA OUTB 

L X X X NONE NONE L X X NONE NONE 
H L L L lA NONE H L L lA lB 
H L L H 2A NONE H L H 2A 2B 
H L H L 3A NONE H H L 3A 3B 
H L H H 4A NONE H H H 4A 4B 
H H L L NONE lB 
H H L H NONE 2B 
H H H L NONE 3B 
H H H H NONE 4B 

Performance Characteristics and Test Circuits 

TEST CIRCUIT NO.1 
ON RESISTANCE VI. INPUT SIGNAL LEVEL 

--- lOUT 100JlA 

. V2 .. 

IN 
1-0 

OUT 

:+:10Vj ~ r-o RON ~ ---Y..L 
=- 100 I' A 

VIN 
-=:-

4-36 

:+:10V=== 

l 

TEST CIRCUIT NO. 2* 

;­
I 
I -

EN r---o +0.8V 

OUT 

~IO(OFF) 
1+10V 

T 

'Two measuremenls per channel: +10V/-10V and -10V/+10V. (Two 
measurements per device for ID(OFF): +10V/-10V and -10V/+10V) 



HI-518 

Performance Characteristics and Test Circuits (Continued) 

TEST CIRCUIT NO.3' TEST CIRCUIT NO.4' 

OUT 
OUT 

±10V -=- EN 
+O.8V I EN 

-=-+10V 

J.. +10V-:-

T 
+2.4V 

*Two measurements per channel: +10V/-10V and -10V/+10V. (Two 
measurements per device for IO(OFF): +10V/-l0V and -10V/+l0V) 

3.5V ADDRESS 

~
DRIVE(VAI 

50% OV 

1 -

TEST CIRCUIT NO.5 

ACCESS TIME 

...---.... - .... -; A2/S0S 

Al 

AO 

+15V 

V+ 
IN 1 ±10V 

IN 2 THRUr-~_----' 
IN 7 

IN 8 nov 

A ID(ON) 

±10V 

..I. 
-

PROBE 
+~ OUTPUT 

: ~-10V OUT 
-v 

-----, 
I 

I 1 
--.1 'A 1_ 

ENABLE DRIVE 

3.5V 

~DRESS 
OV DRIVE (VAl 

~OUTPUTA 
50% 50% 

I I 

~ I+-
'OPEN 

2.4V 

TEST CIRCUIT NO.6 

I 
I 
I 
I 
I 

- I L ____ oJ 

BREAK-BEFORE MAKE DELAY (tOPENl 

+15V 

V+ +5V 
A2/S0S IN 1 

IN 2 THRU 
Al IN 7 -
AO IN 8 

50n VOUT 
OUT 

2.4V - -
12.5pF 

-15V 
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HI-518 

Performance Characteristics and Test Circuits (Continued) 

TEST CIRCUIT NO.7 

ENABLE DRIVE ENABLE DELAY (tON(EN). tOFF(EN» 

3.5V 

s~-
I 
I 

--t---
90%{ 

I I 
~ 'ONIENII+- I 

I I-I 

OV 

~UTA 
90% 

'OFF I 
IENII4--

TEST CIRCUIT NO.8 

CHARGE INJECTION TEST CIRCUIT 

+15V 

V+ 
IN 1 

IN 2 
THRU 

IN S 

OUT 1-0-..... ---, 

SOon 

-15V 

+15V 

+2.4V 

3.0V 

EN~ AO.A1. 
A2/S0S 

VO~ 
T 

IN 

AVo IS THE MEASURED VOLTAGE ERROR 
DUE TO CHARGE INJECTION. THE ERROR 
VOLTAGE IN COULOMBS IS Q = CLX' liVo. 

Die Characteristics 

Transistor Count ............................................................. 356 

Die Dimensions ............................................... 89 x 93 mils 

Substrate Potential' ........................................... -VSUPPL Y 
Process: ................................................................. CMOS-DI 

Thermal Constants (OC/W) 

Ceramic DIP 

Plastic DIP 

Ceramic LCC 

°ja 
84 

81 
78 

Ojc 
25 
33 

21 

*The substrate appears resistive to the -VSUPPL y terminal, therefore it 
may be left floating (Insulating Die Mount) or it may be mounted on acon­
ductor at -VSUPPL y potential. 
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(II~RIS' HI· 524 
4 Channel Wideband and Video Multiplexer 

Features 
• Crosstalk (1 OMHz) .............................................. < -SOdS 
• Fast Access Time .................................................... 150ns 
• Fast Settling Time ..............•.................................... 200ns 
• TTL Compatible 

Description 
The HI-524 is a four channel CMOS analog multiplexer 
designed to process single-ended signals with band­
widths up to 10MHz. The chip includes a 1 of4 decoder for 
channel selection and an enable input to inhibit all 
channels (chip select). 

Three CMOS transmission gates are used in each 
channel, as compared to the single gate in more conven­
tional CMOS multiplexers. This provides a double barrier 
to the unwanted coupling of signals from each input to the 
output. In addition, Dielectric Isolation (01) processing 
helps to insure the Crosstalk is less than -60dS at 10MHz. 

The HI-524 is designed to operate into a wideband buffer 
amplifier such as the Harris HA-2541. The multiplexer 

Applications 
• Wideband Switching 

• Radar 
• TV Video 

• ECM 

chip includes two "ON" switches in series, for use as a 
feedback element with the amplifier. This feedback 
resistance matches and tracks the channel RON 
resistance, to minimize the amplifier Vas and its variation 
with temperature. 

The HI-524 is well suited to the rapid switching of video 
and other wideband signals in telemetry, instrumentation, 
radar and video systems. It is packaged in an 18 pin 
ceramic or plastic DIP and a 20 pin plastic leaded chip 
carrier or a 20 pin ceramic leadless chip carrier and 
operates on ±15V supplies. 

For MIL-STO-883 compliant parts, request the HI-524!883 
data sheet. 

Pinouts Functional Diagram 

SIGGND 

CERAMIC/PLASTIC DIP 
TOP VIEW 

LCC/PLCC 
TOP VIEW 

~ 
~ > u ; > o + z u. , 

t§J L~J t2J L~ ~~J 
~] riB FB (OUT) 

ri'7 SIG GND 
L_ 

[~6 IN 2 

IN 3 ~] 

[f5 SIG GND 

[~4 IN 1 
r-., r-" r-, r-., r-., 
'9 111D! '11 1112 '1 

IN 1 
12 18 

SIG GNU 
13 

IN 2 
14 

16 

SIG GNU 
15 

IN 3 

SIG GNU 
6 

IN 4 
5 

SIG GNU 
4 

SIG GNU 
3 

9 

·15U SUP +15U EN AD Al 
GNU 

CAUTION: These devices are sensitive to electrostatic discharge. Proper Ie handling procedures should be followed. 
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FBUN) 

FB(OUT) 

OUTPUT 

TRUTH TABLE 

ON 
A1 AO EN CHANNEL 

X X L NONE 
L L H 

" L H H 2 
H L H 3 
H H H 4 

*Channel 1 is shown selected in 
the diagram 



Specifications HI-524 

Absolute Maximum Ratings (Note 1) Operating Temperature Range 
Voltage Between Supply ............................................... 33V HI-S24-2/-B ................................................ -SSoc to +12SOC 
Digital Input Voltage: HI-S24-S ......................................................... OOC to +7SOC 

+VA .............................................................................. +6V. Storage Temperature Range .................. -6SoC to +1S00 C 
~ ............................................................................... -~ 

Analog Input Voltage 
+VIN ........................................................ +VSUPPL Y +2V 
-VIN·················································· ........ -VSUPPL Y -2V 

Either Supply to Ground ............................................ 16.SV 
Junction Temperature (Max) .................................... 17SoC 

Electrical Specifications (Unless otherwise specified) Supplies = +15V. -1SV; VAH (Logic Level High) = +2.4V. 
VAL = (Logic Level Low) = +O.BV; VEN = +2.4V 

HI-S24 HI-524 
-2/-8 -5 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

ANALOG CHANNEL SPECIFICATIONS 

VIN. Analog Signal Range Full -10 +10 -10 +10 V 

RON. On Resistance (Note 2) +250 C 700 700 !l 
Full 1.5K 1.5K n 

IS (OFF). Off Input Leakage Current (Note 3) +250 C 0.2 0.2 nA 
Full 50 50 nA 

ID (OFF). Off Output Leakage Current (Note 3) +250 C 0.2 0.2 nA 

Full 50 50 nA 

ID (ON), On Channel Leakage Current (Note 3) +250 C 0.7 0.7 nA 
Full 50 50 nA 

3dB Bandwidth: (Note 4) +250 C 8 8 MHz 

DIGITAL INPUT SPECIFICATIONS 

VAL Input Low Threshold (TTL) Full 0.8 0.8 V 

VAH Input High Threshold (TTL) Full 2.4 2.4 V 
IAH Input Leakage Current (High) Full 0.05 1 0.05 jJA 

AL Current (Low) Full 25 25 jJA 

SWITCHING SPECIFICATIONS 

tAo Access Time (Note 5) +250 C 150 300 150 300 ns 

tOPEN. Break-Before-Make Delay (Note 5) +250 C 20 20 ns 

tON (EN), Enable Delay (ON), RL = 500n +250 C 180 300 180 ns 

tOFF (EN). Enable Delay (OFF). RL = 500n +250 C 180 250 180 ns 
Settling Time (0.1%) (Note 5) +250 C 200 200 ns 

(0.01%) +250 C 600 600 ns 
Crosstalk (Note 6) +250 C -65 -65 dB 
CS(OFF). Channel Input Capacitance +250 C 4 4 pF 
CD (OFF), Channel Output Capacitance +250 C 10 10 pF 
CA. Digital Input Capacitance +250 C 5 5 pF 

POWER REQUIREMENTS 

PD. Power Dissipation Full 750 750 mW 
1+. Current (Note 7) Full 25 25 mA 
1-. Current (Note 7) Full 25 25 mA 

NOTES: 
1. Absolute maximum ratings are limiting values, applied individually, 5. See Test Circuit #5. 

beyond which the serviceability of the circuit may be impaired. Fune- 6. VIN = 10MHz. 3Vp_p on one channel, with any other channel 
tional operation under any of these conditions is not necessarily selected. (Worst case is channel 3 selected with inP!1t on channel 
implied. 4). MUX output is buffered with HA-2541 as shown in Applications 

2. VIN = ±10V; lOUT = 100pA section. Terminate all channels with 75/1. 
(See Test Circuits #1) 7. Supply currents vary less than O.SmA for switching rates from DC 

3. Vo = ±10V; VIN = ±10V to 2MHz. 
(See Test Circuits #2, 3, 4,) 

4. MUX output is buffered with HA-5033 amplifier. 
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HI-524 

Performance Characteristics and Test Circuits Unless otherwise specified TA = +250 C. 

ON RESISTANCE 

TEST CIRCUIT NO.1 

_lOUT lOO,.,A 

--V2--

LEAKAGE CURRENT 

OUT 

R _ V2 
ON - lOOIlA 

TEST CIRCUIT NO. 2* 

~N +O.BV 
OUT 

! A 10(OFF) 

±lOV -=- -=-'fl0V 

"*- ~ 
TEST CIRCUIT NO. 3* 

+O.SV 

TEST CIRCUIT NO. 4* 

-=..±IOV 

f 
+2.4V 

VSUPPLY = ±15V. VAH = 2.4V. VAL = O.BV 

ON RESISTANCE VS. ANALOG INPUT VOLTAGE 
1.000 -r----------~ 

900 TA = +1250C 

BOO 
RON (II) 700 

TA = +1250C 

600 

500 TA =-55DC 

400 +-~~~~---,-~-~-r---,----j 
-10 -B -6 -4 -2 0 2 4 6 B 10 

V,N (VOLTS) 

ON RESISTANCE VI. SUPPLY VOLTAGE 
1.000,..--------------, 

900 
RON (ll) 

BOO 

TA = +25DC 
Y,N = OV 

700 +-~~~~~---,-~-~.~~-,=,., 
9.0 10.0 11.0 12.0 13.0 14.0 15.0 

(VOLTS) 

LEAKAGE CURRENT VI. TEMPERATURE 

4 

3 

1.0 
0.9 

LEAKAGE O.B 0.7 
CURRENT 0.6 

(nA) 0.5 

0.4 

0.3 

0.2 

0.1 

/" 

"" /' 

IS(OFF) 

/ 
/ 

/" 

/ ""/ 

10(ONy/' 
V / 

/ 

"r / 
/ 

L 
/ 

~OFF) 
I 

o 25 50 75 100 125 150 

• Two measurements per channel: 
+10V/-10V and -10V/+10V 

TEMPERATURE (DC) 

(Two measurements and per device for IO(OFF): 
+10V/-10V and "10V/+10V.) 
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HI-524 

Performance Characteristics and Test Circuits (Continued) 

TEST CIRCUIT NO.5 

SETTLING TIME 
ACCESS TIME 

BREAK-BEFORE-MAKE DELAY * 

±3V 0---t--{)-()-, 

L.....--~~:J+5V 

'" This test requires channel inputs 1 and 4 at the same level. 
** Capacitor value may be selected to optimize AC performance. 

(Use Differential comparator plug-in on scope for settling time measurement) 

/ ADDRESS DRIVE IVA] - - -VAH = 2.4V 
1.6V --, ~ 

..::..J. -- - - - - - - - - - - -VAL = O.BV 

+3V 

HA·2541 
OUTPUT 

-- OV-

~ ACCESS TIME, IA 

I--- SETTING TIME, IS 

2.4V -I-

v t ±O.OI% OF F/S 
(OR ±O.O1%] 

ACCESS TIME 

-3V 

I 
I--+r-+----I-i-+-i 5V/DIv. f--+---

\ 
jIV/DIV. 

" II --
50ns/Dlv. 
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HI-524 

Applications 

Often it is desirable to buffer the HI-524 output, to avoid 
loading errors due to the channel "ON" resistance: 

plus 90ns settling (to ±0.1%) and ±10V output swing. 
Also, the HI-524 includes a feedback resistance for use 
with the HA-2541. Th is resistance matches and tracks the 
channel "ON" resistance, to minimize offset voltage due 
to the buffer's bias currents. 

CHI • 
12 

75!l ~ 
~ 
?14 

CH2 

75n 

7 
CH3 .. 

75n ~ 

CH4 
'\75 

75n 
i" 

HI·524 

-

---; ~ 
-

HA·2541 

2 

>r<>BUFFERED 18 _ OUTPUT 

if2OPF* 16 

Note that the on-chip feedback element between pins 16 
and 18 includes two switches in series, to simulate a chan­
nel resistance. These switches open for VEN = Low. This 
allows two or more HI-524's to operate into one HA-2541, 
with their feedback elements connected in parallel. Thus, 
only the selected multiplexer provides feedback, and the 
amplifier remains stable. 

All HI-524 DIP package pins labeled 'SIG GND' (pins 3, 4, 
6,13, 15) should be externally connected to signal ground 
for best crosstalk performance. 

Bypass capacitors (0.1 to 1.0J.tF) are recommended from 
each HI-524 supply pin to power ground (pins 1 and 17 to 
pin 8 DIP package). Locate the buffer amplifier near the 
HI-524 so the two capacitors may bypass both devices. 

... Capacitor value may be selected to optimize AC performance. 

The buffer amplifier should offer sufficient bandwidth and 
slew rate to avoid degradation of the anticipated signals. 
For video switching, the HA-5033 and HA-2542 offer good 
performance plus ±100mA output current for driving 
coaxial cables. For general wideband applications, the 
HA-2541 offers the convenience of unity gain stability 

If an analog input 1V or greater is present when supplies 
are off, a low resistance is seen from that input to a supply 
line. (For example, the resistance is approximately 1600 
for an input of -3V.) Current frow may be blocked by a 
diode in each supply line, or limited by a resistor in series 
with each channel. the best solution, of course, is to 
arrange that no digital or analog inputs are present when 
the power supplies are off. 

Die Characteristics 

Transistor Count ............................................................. 599 

Die Dimensions ........................................... 146 x 88.6 mils 

Substrate Potential' ........................................... -VSUPPL Y 
Process: ................................................................. CMOS-DI 

Thermal Constants (OC/W) 

Ceramic DIP 

Plastic DIP 

Ceramic LCC 

(Jja 

81 

78 

76 

(Jjc 

22 

30 

19 

*The substrate appears resistive to the -VSUPPLY terminal, therefore it 
may be left floating (Insulating Die Mount) or it may be mounted on a con­
ductor at -VSUPPL y potential. 
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Features 
• Differential Performance, Typical: 

~ Low t.RON, +1250 C .............................................. 5.50 
~ Low t.ID(ON), +1250 C ..........................•............ O.SnA 
~ Low t.(Charge Injectlon) .................................... O.1pC 
~ Low Crosstalk ................................................... -124dB 

• Settling Time, ±O.01% ....•.........•.............................. 900ns 

• Wide Supply Range .........•..........•............•.. ±5V to ±18V 

• Break-Before-Make SWitching 

• No Latch-Up 

Applications 

• Low Level Data Acquisition 

• Precision Instrumentation 

• Test Systems 

HI-539 
Monolithic, 4 Channel, 

Low Level, Differential Multiplexer 

Description 
The Harris HI-539 is a monolithic, four channel, 
differential multiplexer. Two digital inputs are provided 
for channel selection, plus an Enable input to disconnect 
all channels. 

Performance is guaranteed for each channel over the vol­
tage range ±1 OV, but is optimized for low level differential 
signals. Leakage current, for example, which varies 
slightly with input voltage, has its distribution centered at 
zero input volts. 

In most monolithic multiplexers, the net differential offset 
due to thermal effects becomes significant for low level 
signals. This problem is minimized in the HI-539 by sym­
metrical placement of critical circuitry with respect to the 
few heat producing devices. 

Supply voltages are ±15V and power consumption is only 
2.5mW. The HI-539 is packaged in a 16 pin Ceramic or 
Plastic DIP, and a 20 pin Plastic Leaded Chip Carrier. 

Pinouts Functional Diagram 

AU 

EN 

-v 
IN lA 

IN 2A 

IN JA 

IN4A 

OUTA 

HI1-539 CERAMIC DIP 

H13-539 PLASTIC DIP 

TOP VIEW 

Al 

GND 

+v 
IN lB 

IN 2B 

IN JB 

IN 4B 

OUT B 

HI4P539 PLCC 

TOP VIEW 

" z ;;: z 
w co 

~ < ~ '" e/ l- I-
i!; " 5 i!; 

0 

r DIGITAL 
ADDRESS 

AI 

EN 
L ____ J L ____ ~ 

ADDRESS INPUT DECODERS 
BUFFER AND 

LEVEL SHIFTER 

+v 

IN 18 

Ne 

IN2B 

IN3B 

CAUTION: Electronic devices are sensitive to electro'static discharge. Proper Ie handling procedures should be followed. 
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I OUT A 
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I 
OUTB I 
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I 
I IN lB 
I 
I 
I IN4A 

I 
IN4B 

L ______ 

MULTIPLEX 
SWITCH PAIRS 



Specifications HI-539 

Absolute Maximum Ratings 
Voltage Between Supply Pins (-V, +V) ........................ 40V Operating Temperature Range 
Voltage From Either Supply to Gnd .... ....................... 20V HI-539-2, -8 .......................................... -550 C to +1250C 
Analog Input Voltage, VIN .......................... -V :S VIN :S +V HI-539-4 .................................................. -250C to +850C 
Digital Input Voltage, VA ............................. -V :S VA :S +V HI-539-5 ..................................................... 0 0 C to +750 C 
Junction Temperature (Max) ... .......... , .. .................. 1750C Storage Temperature Range . ................ -650C to +1500 C 

Electrical Specifications (Unless otherwise specified) Supplies = ±15V, VEN . +4.0V, VAH (Logic Level High) c +4.0V, 
V AL (Logic Level Low) = +O.BV. See the "Performance Characteristics and Test Circuits". 
Selected parameters are defined in "Definitions". 

H 1-539-2,-8 I H 1-539-4,-5 

PARAMETER TEMP TVP MAX IMIN) TVP MAX IMINI UNITS 

ANALOG CHANNEL CHARACTERISTICS 

VIN, Analog Signal Range Full 1-10)/+10 1-10)/+10 V 

RON, On Resistance VIN = OV +250C 650 850 650 850 n 
VIN = ± 10V +250C 700 900 700 900 n 
VIN = OV Full 950 1.3k 800 lk n 
VIN =± 10V Full 1.1k 1.4k 900 1.1k n 

D.RON [SideA-SideSJ 
VIN = OV +250C 4.0 24 4.0 24 n 
VIN =± 10V +250C 4.5 27 4.5 27 n 
VIN = OV Full 4.75 28 4.0 24 n 
VIN = ± 10V Full 5.5 33 4.5 27 n 

ISIOFF), Off Input Leakage Current 
INote 1) 

Condition OV +250C 30 30 pA 
Condition:!: 10V +250C 100 100 pA 
Condition OV Full 2 10 0.2 1 nA 
Condition ± 10V Full 5 25 0.5 2.5 nA 

D.ISIOF F). [Side A - Side sJ 
Condition OV +250C 3 3 pA 
Condition! 10V +250C 10 10 pA 
Condition OV Full 0.2 2 0.02 0.2 nA 
Condition:t 10V Full 0.5 5 0.05 0.5 nA 

IDIOFF). Off Output Leakage Current 
INote 1) 

Condition OV +250C 30 30 pA 
Condition! 10V +250C 100 100 pA 
Condition OV Full 2 10 0.2 1 nA 
Condition ± 10V Full 5 25 0.5 2.5 nA 

D. 1010FF). [Side A - Side sJ 
Condition OV +250C 3 3 pA 
Condition ± 10V +250C 10 10 pA 
Condition OV Full 0.2 2 0.02 0.2 nA 
Condition ±'10V Full 0.5 5 0.05 0.5 nA 

IDION). On Channel Leakage Current 
INote I) 

Condition OV +25 OC 50 50 pA 

Condition ± 10V +250C 150 150 pA 

Condition OV Full 5 25 0.5 2.5 nA 
Condition ± 10V Full 6 40 0.8 4.0 nA 

D.ID(ON) [SideA-SideSJ 
Condition OV +250C 10 10 pA 
Condition ±. 10V +250C 30 30 pA 
Condition OV Full 0.5 5 0.05 0.5 nA 
Condition:!: 10V Full 0.6 6 0.08 0.8 nA 

D.VOS. Differential Offset Voltage +250C 0.02 0.02 /lV 
INote 21 Full 0.70 0.08 /lV 
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Specifications HI-539 

PARAMETER TEMP 

DIGITAL INPUT CHARACTERISTICS 

VAL, Input Low Threshold Full 

VAH, Input High Threshold Full 

IAH, Input Leakage Current (High) Full 

IAL, Input Leakage Current (Low) Full 

SWITCHING CHARACTERISTICS 

TA, Access Time +250 C 
Full 

T open, Break-Before-Make Delay +250 C 
Full 

TON(EN), Enable Delay On +250 C 
Full 

TOFF(EN), Enable Delay Off +250 C 
Full 

Settling Time, to ±0.01% +250 C 

Charge Injection (Output) Full 

t. Charge Injection (Output) Full 

Charge Injection (Input) Full 

Differential Crosstalk (Note 3) +250 C 

Single Ended Crosstalk (Note 3) +250 C 

CS(OFF), Channel Input Capacitance Full 

CO(OFF), Channel Output Capacitance Full 

CD(ON), Channel On Output Capacitance Full 

COS, Input to Output Capacitance (Note 4) Full 

CA, Digital Input Capacitance Full 

POWER REQUIREMENTS 

PO, Power Dissipation +250 C 
Full 

1+ Current +250 C 
Full 

1- Current +250 C 
Full 

± V, Supply Voltage Range '. Full 

NOTES: 
1. See Test Circuits # 2, 3, 4. The condition ±10V means: 

IS(OFF) and IO(OFF)' (VS = +lDV, Vo = -10V), then 
(VS = -10V, Vo = +10V) 

IO(ON): (+10V, then -10V) 

2. .aVOS (Exclusive of thermocouple effects) == 

RON ~IO(ON) + IO(ON) ~RON. 

HI-53S-2, -8 HI-53S-4, -5 

TYP 

250 

85 

250 

160 

O.S 

3 

0.1 

10 

124 

100 

5 

7 

17 

0.08 

3 

2.3 

0.150 

0.001 

± 15 

MAX (MIN) TYP MAX (MIN) UNITS 

0.8 0.8 V 

(4.0) (4.0) V 

1 1 /1 A 

1 1 /1A 

750 250 750 ns 
1,000 1,000 ns 

(30) 85 (30) ns 
(30) (30) ns 

750 250 750 ns 
1,000 1,000 ns 

650 160 650 ns 
900 SOO n' 

O.S /1s 

3 pC 

0.1 pC 

10 pC 

124 dB 

100 dB 

5 pF 

7 pF 

17 pF 

0.08 pF 

3 pF 

2.3 mW 
45 45 mW 

0.150 mA 
2.0 2.0 mA 

0.001 mA 
1.0 1.0 mA 

(±5)/ ± 18 ± 15 (H)/ ± 18 V 

See Applications section for discussion of additional Vas 
error. 

3. VIN = 1kHz, 15Vp_p on all but the selected channel. See 
Test Circuit # 9. 

4. Calculated from typical Single-Ended Crosstalk performance. 
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HI-539 

Performance Characteristics and Test Circuits 
(Unless otherwise specified TA = 250C, +V = +15V, -v = -15V, VAH = +4V and VAL = +D.8V) 

ON RESISTANCE MEASUREMENT 

TEST 
CIRCUIT 

NO.1 

ON RESISTANCE YS. ANALOG INPUT VOLTAGE 

900 

in '" -§800 
z 
~700 

'Ii :1_ 
~ 
Jj!500 

~ 

TA'" +1260C 

'OO~-r-'r-'--r--r-'--.--r-.--'--r-~ 
~12 -10 -8 -6 -4 -2 0 2 .. 8 8 10 12 

ANALOG INPUT, VIN (VOLTS) 

ON RESISTANCE YS. TEMPERATURE 

800 

-25 +25 +50 +75 +100 +126 
TEMPERATURE OC 

NORMALIZED ON RESISTANCE YS. SUPPLY VOLTAGE 

±7 i9 i11 iT3 ±15 1.17 
SUPPLY VOLTAGE (VOLTS) 

LEAKAGE CURRENT 

LEAKAGE CURRENT YS. TEMPERATURE 

1DnA 

// 
// 

1nA 

'O{O)!) 

/ 

/ /'O{OFF) "'S{OFF) 

V 
25 50 75 100 

TEMPERATURE OC 

*Three measurements = +10V/-10V, 
-'OV/+l0V, and OV 

125 

TEST 
CIRCUIT 

NO. 2* 

TEST 
CIRCUIT 
NO.3* 

TEST 
CIRCUIT 

NO. 4* 
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Test Circuits (Continued) 

HI-539 

TEST CIRCUIT 
NO.5 

SUPPL Y CURRENT vs. TOGGLE FREQUENCY 

14 

(FUNCTIONAL LIMIT) -
I 2 

~ 
,10 .. / 

1/ 
A1 HI-539 

1ii 
a: 
a: 
::> 
u 

VS~PPLY = ± 15 .--_._-...----1 AO IN2A 1--0------, 
8 

~ 6 

~ 
, 4 

!. 
2 

100Hz 

320 

300 

] 
; 280 
:;; 
>= r:! 260 
w 
u 
~ 240 , 
« 
~ 220 

1kHz 

7 II 
VSUPPL y I. ± ,<>------/J EN 

h / 
~ 

10kHz 100kHz 
TOGGLE FREQUENCY, Hz 

1MHz 3MHz 10MHz 
{

Hlgh. 4•0V 

VA LOW·OV 

50% DUTY CYCLE 

(SIMILAR CONNECTIONS FOR "S" SIDE 

TEST CIRCUIT 
NO.6 

ACCESS TIME vs. LOGIC LEVEL (HIGH) 

A1 

,--.... -*_---tAO 

EN 
+5V 

200~3~4~~~~~~~9~1~0~17'~12~1~3~174~1'5 
------ -- -- -

"LOGIC LEVEL IHIGH). VOLTS 

(SIMILAR CONNECTIONS FOR "S" SIDE) 

I 
I I 

f-- >-~AINPUT 
21'DIV. 

CH10N 

VAH -4V ADDRESS 

~
DRIVE(VAI 

50% OV 

I -

+~ OUTPUT 

:~l 
1 I -10V 

1 1 
_I tA I+--

Example: tA for 4V logic level 
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IN3A 1--0---' 
IN4A 

+15V 

V+ 
IN1A ±10V 

HI-539 
',%;~ 1--0--, 

IN4A 

ACCESS TIME 

;, 
l 

OUTPUT 
5VIDIV. 

CH40N J 
2OOn./DIV. 

:+10V 
PROBE ----.., 

I 
I 
I 
I 
I 
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Test Circuits (Continued) 

ADDRESS DRIVE 

VAH=4V 

(I ADDRESS 

~ ~VE(VAI 

~
OUTPUTA 

50% 50% 
, I __ I<-

(tOPEN) 

ENABLE DRIVE 

VAH=4V 

~ 
I r ov 

~: 90% I OUTPUT A 

I I I 10% 
1 I 

toN{EN' ---tot J- I toFF I 
[ I --+1 (EN) I+-

-= 

HI-539 

TEST CIRCUIT 
NO.7 

BREAK-BE FORE-MAKE DELAY (tOPEN) 

+15V 

+v 
IN1A 

IN2A 
IN3A A, HI-639 

Au 
IN4A 

EN 

-= 

-15V 

-= 

(SIMILAR CONNECTION FOR '"B" SlOE) 

TEST CIRCUIT 
NO.8 

f-
VA INPUT iV/DIV• 

eH10N CH40N 

~LTPJ~ 
I '1'/DI~. -

V 

l00m/DIV, 

ENABLE DELAY (tON(EN). tOFF(EN») 

(SIMILAR CONNECTION FOR '"B'" SlOE) 

TEST CIRCUIT 
NO.9 

I I 

f-j 
ENABLE 
DRIVE 
~/DIV. 

J J 
111 

CH2 THRU CH~ I 
I I OFI/ 

I W 

CH10N 

OU~UT.\ 
2V!DIV. 

\ 
\ 

l00ns/DIV. 

I-

SINGLE-ENDED CROSSTALK DIFFERENTIAL CROSSTALK 

mVp-p 

I 
*AD606 or BB3630, FOR EXAMPLE 
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HI-539 

Definitions 

CHARGE INJECTION - Charge (in pC) transferred, during a 
transition between channels, through the internal gate-to­
channel capacitance. The resulting voltage error varies in­
versely with the output (or input) capacitance. 

CROSSTALK - Signal at the multiplexer output, coupling 
though the CDS capacitance of an OFF channel. Amplitude 
is proportional to source resistance for the 0 N channel. See 
Test Circuit # 9 for single-ended and differential versions 
of crosstalk. 

DIFFERENTIAL LEAKAGE CURRENT ( ~ IS(OFF), 
.1ID(OFF), .1ID(ON)) - The absolute difference in leakage 
for the two sides of a channel. 

Applications 

GENERAL 

The HI-539 accepts inputs in the range -15V to +15V, with 
performance guaranteed over the ±10V range. At these higher 
levels of analog input voltage it is comparable to the HI-509, 
an'd is plug-in compatible with that device (as well as the 
HI-509A). However, as mentioned earlier, the H 1-539 was 
designed to introduce minimum error when switching low level 
inputs. 

Special care is required in working with these low level signals. 
The main concern with signals below 100mV is that noise, 
offset voltage, and other aberrations can represent a large 
percentage error. A shielded, differential signal path is essen­
tial, especially to maintain a noise level below 50 pVrms. 

LOW LEVEL SIGNAL TRANSMISSION 

The transmission cable carrying the transducer signal is critical 
in a low level system. It should be as short as practical and 
rigidly supported. Signal conductors should be tightly twisted 
for minimum enclosed area, to guard against pickup of electro­
magnetic interference, and the twisted pair should be shielded 

DIFFERENTIAL OFFSET VOLTAGE ( .1 VOS) - Voltage 
between the multiplexer output terminals with both channel 
input terminals shorted to ground. 

DIFFERENTIAL ON RESISTANCE (.1RON) - The absolute 
difference in On Resistance for the two sides of a channel. 

INPUT TO OUTPUT CAPACITANCE (CDS) - Capacitance 
from one input terminal of a channel to the corresponding 
output of the multiplexer. This parameter is responsible 
for Crosstalk. 

against capacitively coupled (electrostatic) interference. 
A braided wire shield may be satisfactory, but a lapped foil 
shield is better since it allows only one tenth as much leakage 
capacitance to ground per foot. A key requirement for the 
transmission cable is that it presents a balanced line to sources 
of noise interference. This means an equal series impedance 
in each conductor plus an equally distributed impedance from 
each conductor to ground. The result should be signals equal 
in magnitude but opposite in phase at any transverse plane. 
Noise will be coupled in phase to both conductors, and may 
be rejected as common mode voltage by a differential amplifier 
connected to the multiplexer output. 

Coaxial cable is not suitable for low-level signals because the 
two conductors (center and shield) are unbalanced. Also, 
ground loops are produced if the shield is grounded at both 
ends by standard BN C connectors. If coax must be used, carry 
the signal on the center conductors of two equal-length cables 
whose shields are terminated only at the transducer end. As 
a general rule, terminate (ground) the shield at one end only, 
preferably at the end with greatest noise interference. This is 
usually the transducer end for both high and low level signals. 

TABLE 1. 

EQUIVALENT IMPEDANCE 
WIDTH OF P.C. D.C. PER FOOT 

WIRE CONDUCTOR RESISTANCE INDUCTANCE 
GAGE (2 oz. Cu.) PER FOOT PER FOOT AT 60Hz AT 10kHz 

18 0.47" 0.0064SG 0.36pH 0.0064SG 0.0235SG 
20 0.30" 0.0102SG 0.37pH 0.01 02 SG 0.0254SG 

22 0.19" 0.0161SG 0.37pH 0.0161SG 0.0288SG 
24 0.12" 0.0257SG 0.40pH 0.0257SG 0.0345SG 

26 0.075" 0.041SG 0.42pH 0.041S1 0.0488SG 
28 0.047" 0.066SG 0.45pH 0.066SG 0.0718SG 
30 0.029" 0.105SG 0.49pH 0.105n 0.110SG 
32 0.018" 0.168SG 0.53pH 0.161!SG 0.171SG 
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HI-539 

Applications (Continued) 

WATCH SMALL Av ERRORS 

Printed circuit traces and short lengths of wire can add sub­
stantial error to a signal even after it has traveled hundreds of 
feet and arrived on a circuit board. Here, the small voltage 
drops due to current flow through connections of a few 
milliohms must be considered, especially to meet an accuracy 
requirement of 12 bits or more. 

Table 1 is a useful collection of data for calculating the effect 
of these short connections. (Proximity to a ground plane will 
lower the values of inductance.) 

As an example, suppose the H 1-539 is feeding a 12 bit con­
verter system with an allowable error of±1/2 LSB (±1.22mV). 
If the interface logic draws lOOmA from the 5V supply, this 
current will produce 1.28mV across 6 inches of #24 wire; 
more than the error budget. Obviously, this digital current 
must not be routed through any portion of the analog ground 
return network. 

PROVIDE PATH FOR IBIAS 

The input bias current for any OC-coupled amplifier must have 
an external path back to the amplifier's power supply. No 
such path exists in Figure lA, and consequently the amplifer 
output will remain in saturation. 

A single large resistor (lMS1 to 10MS1) from either signal line 
to power supply common will provide the required path, 
but a resistor on each line is necessary to preserve accuracy. 
A single pair of these bias current resistors on the H 1-539 
output may be used if their loading effect can be tolerated 
(each forms a voltage divider with RON). Otherwise, a resistor 
pair on each input channel of the multiplexer is required. 
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The use of bias current resistors is acceptable only if one is 
confident that the sum of signal plus common-mode voltage 
will remain within the input range ofthe multiplexer/amplifier 
combination. 

Another solution is to simply run a third wire from the low 
side of the signal source, as in Figure lB. This wire assures a 
low common-mode voltage as well as providing the path for 
bias currents. Making the connection near the multiplexer 
will save wire, but it will also unbalance the line and reduce 
the amplifier's common-mode rejection. 

DIFFERENTIAL OFFSET, AVOS 

There are two major sources of AVOS. That part, due to the 
expression (RON AIO(ON) + IO(ON) ARON) becomessignif­
icant with increasing temperature, as shown in the Electrical 
Characteristics section. The other source of offset is the 
thermocouple effects due to dissimilar materials in the signal 
path. These include silicon, aluminum, tin, nickel-iron and 
(often) gold, just to exit the package. 

For the thermocouple effects in the package alone, the cpn­
straint on AVOS may be stated in terms of a limit on the 
difference in temperature for package pins leading to any 
channel of the HI-539. For example, a difference of O.130 C 
produces a 51N offset. Obviously, this AT effect can domin­
ate the A VOS parameter at any temperature unless care is 
taken in mounting the H 1-539 package. 

Temperature gradients across the HI-539 package should be 
held to a minimum in critical applications. Locate the HI-539 
far from heat producing components, with any air currents 
flowing lengthwise across the package. 



Applications (Continued) 

"FLOATING" 
SOURCE 

HI-539 

FIGURE 1A 

HI-639 

(\----,\ 
~~~~~\r----~r-~~~~ 

\ I ____ i'---',---+,---t--'V\J'V-1I--'-f 
.... J 

1 TO.1OM .. > •• 
~ ,. 
I I 

.;. ~ 

FIGURE 18 

POWER SUPPL V 
COMMON 

-v 

+v 

-v 

POWER SUPPL V 
COMMON 

The amplifier in Figure lA is unusable because its bias currents cannot return to the power supply. Figure lB 
shows two alternative paths for these bias currents: either a pair of resistors, or (better) a third wire from the low 
side of the signal source. 

Die Characteristics 

Transistor Count ............................................................. 236 

Die Dimensions .............................................. 92 x 100 mils 

Substrate Potential' ........................................... -VSUPPL Y 

Process: ................................................................. CMOS-DI 

Thermal Constants (OCIW) 

Ceramic DIP 

Plastic DIP 

IJja 
103 

75 

IJjc 
34 
22 

*The substrate appears resistive to the -VSUPPLY terminal, therefore it 
may be left floating (Insulating Die Mount) or it may be mounted on acon­
ductor at -VSUPPL y potential. 
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mJHARRlS HI-546/547 
Single 16/Differential 8 Channel CMOS Analog 

Multiplexers with Active Overvoltage Protection 

Features 
• Analog Overvoltage Protection ••••• 70Vp_p 
• No Channel Interaction During Overvoltage 

• ESD Resistant ••••••.••.•••••••••• >4,000V 

• Guaranteed RON Matching 

• 44V Maximum Power Supply 

• Break-Before-Make Switching 

• Analog Signal Range ••••••••••••••••• ±1SV 

• Access Time (Typical) • • • • • • • • • • • • • •• Soons 

• Standby Power (Typical) •••••••••••• 7.SmW 

Applications 
• Data Acquisition 

• Industrial Controls 

• Telemetry 

Pinouts 

Description 
The HI-546 and HI-54 7 are analog multiplexers with Active Overvoltage Protection 
and guaranteed RON matching. Analog input levels may greatly exceed either 
power supply without damaging the device or disturbing the signal path of other 
channels. Active protection circuitry assures that signal fidelity is maintained even 
under fault conditions that would destroy other multiplexers. Analog inputs can with­
stand constant 70 volt peak-to-peak levels and typically survive static discharges 
beyond 4,000 volts. Digital inputs will also sustain continuous faults up to 4 volts 
greater than either supply. In addition, signal sources are protected from short 
Circuiting should multiplexer supply loss occur; each input presents 1 kO of 
resistance under this condition. These features make the HI-546 and HI-547 ideal 
for use in systems where the analog inputs originate from external equipment or 
separately powered circuitry. Both devices are fabricated with 44 volt dielectrically 
isolated CMOS technology. The HI-546 is a 16 channel device and the HI-547 is a 
8 channel differential version. If input overvoltage protection is not needed, the 
HI-506 and HI-507 multiplexers are recommended. For further information see 
Application Notes 520 and 521. 

The HI-546/547 are offered in both commercial and military grades. Additional 
Hi-Rei screening to MIL -STD-883 is available when speCified by the "/883" suffix. 
For details, request the HI-546/883 or HI-547/883 data sheets. 

Each device is available in a 28 pin Plastic or Ceramic DIP, and a 28 pin Plastic 
Leaded Chip Carrier (PLCC). 

Functional Diagrams 
H11-546 (CERAMIC DIP) HI1-547 (CERAMIC DIP) Ik 
H13-546 (PLASTIC DIP) 

+VSUPPl Y 
NC 

NC 
IN 16 
IN 15 
IN 14 

IN 13 
IN 12 
IN 11 
IN 10 

IN 9 
GND 

VREF 
ADDRESS A3 

TOP VIEW 

OUT 

-VSUPPLY 
IN 8 
IN 7 
IN 6 

IN 5 
IN4 
INJ 
IN2 
IN 1 
ENABLE 

ADDRESS AD 
ADDRESS A1 

ADDRESS A2 

HI4P546 (PLCC) 
TOP VIEW 

H13-S47 (PLASTIC DIP) 
TOP VIEW 

+VSUPPlY OUT A 
OUT B -VSUPPLY 

NC IN 8A 
IN 88 IN 7A 
IN78 IN 6A 

IN 68 IN SA 
IN 58 IN4A 
IN 4B IN JA 
IN 3B IN 2A 
IN 28 IN lA 
IN 18 ENABLE 
GND ADDRESSAO 

VREF ADDRESS A1 
NC ADDRESS A2 

HI4P547 (PLCC) 
TOP VIEW 

IN I 

Ik 
IN 2 

• • • Ik 
IN 16 

I 

II 
II 
I I 

II 

I , -
L ___ 

DECODER/ 
DRIVER 

L ___ 

VREF AO AI A2 A3 EN 

HI-546 

OUT 

IN IAo-+-";;'V--",_~" ____ ~~OUTA 

• • IN 8Ao-..... .,;;.;,.._..;..CI'\'w ... 

IN IB()o+-W .... ""'.;.;.-oI(Jl';'''' .. ~~~~ ... -oOUT B 

• • 
IN 8B~I-M ... p.;.;~I"!""' ..... 

Vm AO AI A2 EN 

HI-547 

CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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Specifications HI-546/547 

Absolute Maximum Ratings (Note 1) 

VSUPPL Y(+) to VSUPPL Y(-) .............................. 44V Continuous Current, S or D: ............................. 20mA 

VSUPPL Y(+) to GND ..................................... 22V Peak Current, S or D 

VSUPPL Y(-) to GND ..................................... 25V (Pulsed at 1 ms, 10% duty cycle max): .................. 40mA 
Digital Input Overvoltage Junction Temperature .... , .... " ., .. , ................ +175OC 

+VEN, +VA ................................ +VSUPPLY +4V Operating Temperature Ranges: 

-VEN, -VA· ................................. -VSUPPL Y -4V HI-546/547-2 ........................... -55OC to +125OC 
or 20mA, whichever occurs first. HI-546/547-4 ............................ -250 C to +850 C 

Analog Signal Overvoltage (Note 7) HI-546/547-5 ............................... DoC to +75OC 

+VS .................................... +VSUPPLy+20V Storage Temperature Range ................. -650 C to +15QOC 

-VS ...................................... -VSUPPL Y -20V 

Electrical Specifications Unless Otherwise Specified: 

Supplies = +15V, -15V; VREF Pin = Open; VAH (Logic Level High) = +4.0V; 

VAL (logic Level Low) = +O.BV. For Test Conditions, consult Performance Characteristics Section. 

HI·546IH1·547 HI·546/547 TRUTH TABLES -2 -4, -5 

PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. ~NITS 

ANALOG CHANNEL CHARACTERISTICS HI-546 

VS, Analog Signal Range Full -15 +15 -15 +15 V 
RON, On Resistance (Note 2) +25°C 1.2 1.5 1.5 1.8 kO "ON" 

Full 1.5 1.8 1.8 2.0 kO As A2 Al AD EN CHANNEL 

.6RON, Any Two Channels +25°C 7.0 7.0 % X X X X L NONE 
IS (OFF), Off Input Leakage Current (Note 3) +25·C 0.03 0.03 nA L L L L H 1 

Full 50 50 nA L L L H H 2 
ID (OFF), Off Output Leakage Current (Note 3) +25°C 0.1 0.1 nA L L H L H 3 

HI-546 Full 300 300 nA L L H H H 4 
HI-54? Full 200 200 nA L H L L H 5 

ID (OFF), with Input Overvoltage Applied (Note 4) +25°C 4.0 4.0 nA L H L H H 6 
Full 2.0 "A L H H L H 7 

ID (ON), On Channel Leakage Current (Note 3) +25OC 0.1 0.1 nA L H H H H 8 
HI-546 Full 300 300 nA H L L L H 9 
HI-547 Full 200 200 nA H L L H H 10 

IDIFF. Differential Off Output Leakage Current Full 50 50 nA H L H L H 11 
(HI-547 Only) H L H H H 12 

DIGITAL INPUT CHARACTERISTICS H H L L H 13 

VAL, Input Low Threshold TIL Drive Full 0.8 0.8 V H H L H H 14 
H H H L H 15 

VAH, Input High Threshold (Note 8) Full 4.0 4.0 V 
H H H H H 16 

VAL MOS Drive (Note 9) +25OC 0.8 0.8 V 
VAH MOS Drive (Note 9) +25OC 6.0 6.0 V 
IA Input Leakage Current (High or Low) (Note 5) Full 1.0 1.0 "A 

SWllCHING CHARACTERISTICS HI-547 
tA, Access Time +25°C 0.5 0.5 ~s 

Full 1.0 1.0 ~ "ON" 
tOPEN, Break-Before-Make Delay +25°C 25 80 25 80 ns CHANNEL 
tON (EN), Enable Delay (ON) +25°C 300 500 300 ns A2 Al AD EN PAIR 

Full 1000 1000 ns X X X L NONE 
tOFF (EN), Enable Delay (OFF) +25°C 300 500 300 ns L L L H 1 

Full 1000 1000 ns L L H H 2 
Settfing Time (0.1%) +25°C 1.2 1.2 ~ L H L H 3 

(0.01%) +25°C 3.5 3.5 ~ L H H H 4 
"Off Isolation" (Note 6) +25°C 50 68 50 68 dB H L L H 5 
Cs (OFF), Channel Input CapaCitance +25°C 5 5 pF H L H H 6 
CD (OFF), Channel Output Capacitance HI-546 +25°C 50 50 pF H H L H ? 

HI-547 +25°C 25 25 pF H H H H 8 
CA, Digijallnput Capacitance +25°C 5 5 pF 
CDS (OFF), Input to Output Capacitance +25°C 0.1 0.1 pF 

POWER REQUIREMENTS 

PD, Power Dissipation Full 75 7.5 mW 
1+, Current Pin 1 (Note 7) Full 0.5 2.0 0.5 2.0 rnA 
1-, Current Pin 27 (Note 7) Full 0.02 1.0 0.02 1.0 rnA 

NOTES: 
1. Absolute maximum ratings are limiting values, applied individually, be- 5. Digital input leakage is primarily due to the clamp diodes (see Schematic). 

yond which the serviceability of the circuit may be impaired. Functional Typical leakage is less than 1 nA at 250 C. 
operation under any of these conditions is not necessarily implied. 6. VEN = O.BV, RL = 1 K. CL = 15pF. Vs = 7VRMS. f = 100kHz. 

2. VOUT = ±10V, lOUT = -100jJA. 7. VEN. VA = OV or 4.0V. 
3. Ten nanoamps is the practical lower limit for high speed measurement in 8. To drive from DTLfITL Circuils. 1 krl pull-up reSistOrs to +5.0VSUPPLY 

the production test environment. are recommended. 
4. Analog Overvoltage = ±33V. 9. VREF = +10V. 
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HI-546/547 

Performance Characteristics and Test Circuits 

Unless Otherwise Specified: T A = 25°C, VSupply = ± 15 V, 
VAH = +4 V, VAL = 0.8 V And VRef = Open. 

1. 4 

C< 1. 

" ~ 1 

~ 1. 

c: o. 
6 0 

3 

2 

1 

0 

9 

8 

ON RESISTANCE 
VS. ANALOG INPUT VOLTAGE 

T A = +12S oC 

I 

TA - +250C 

T A = ~550C 

-10 -8 -6 -4 -2 

VIN - Analog Input (Volt$~ 

LEAKAGE CURRENT VS. TEMPERATURE 
100nA 

'" ~ 
" 11nA 

100pA 

LEAKAGE 

~f3~~¥-
IO(ON) "-

./ 

~ / 

/' V 

FF OUTPUT ./ 
CURRENT ./ 
~V V 

e~~~~TCURRENT-
IS (OFF) 

---

i 
10 

TEST 
CIRCUIT 

NO.1 

5 

1. 4 

1. 3 

1. 2 

1 

0 

O. 9 

O. 8 

ON RESISTANCE VS. 

INPUT SIGNAL LEVEL, SUPPLY VOLTAGE 
~IOO~A 

R ° V2 
ON 100~A 

V2 

OUT 

NORMALIZED ON RESISTANCE 
VS. SUPPLY VOLTAGE 

"r..... 
...... 

" 
!5 ±6 ±7 ±S 

TEST 
CIRCUIT 
NO. 2* 

TEST 
CIRCUIT 
NO. 3* 

TEST 
CIRCUIT 
NO. 4* 

+1250 C ~T A ~-550C 
Y,N o'5V -

....... r--

:tl3 ±1O ±ll ±l2 ±13 ±14 ±tS 

Supply Voltage - Volts 

~
N '08V 

OUT 

A IOIOFF) 

"lOV -=- -=-.lQV 

~ "J 

·lOV -

I -=-:10V 

~ 

EN +08V 

"Two measurements per channel: 
+10 V/-10 V and -10 V/+10 V. 

10pA 
25° 75° 

Temperature -OC 
100" 

(Two measurements per device for IO(OFF): 
+10 V/-10 V and -10 V/+10 V.) 

ANALOG INPUT OVERVOLTAGE CHARACTERISTICS ANALOG INPUT 
OVERVOLTAGE CHARACTERISTICS 

~ 18 

~ 15 
~ 

u 12 
"; 

r-11 
d l 

31.. 
4.~!!:-

"D 

~ 
ANALOG INPUT /" V f-CURRENT (I'Ni 

~ /' '/ 9 3·1~ 
-/ ,V" :'1" 

2~ I ~~ OUTPUT OFF 

'Jr:7 LEAKAGE CURRENT-
'oIOFFi 

±IS ±18 ±21 ±24 ±V ±30 ±33 ±36 
V1N - Analog Input Overvoltage (Volts~ 

TEST 
CIRCUIT 

NO.5 

4-55 



HI·5461547 

Performance Characteristics and Test Circuits (continued) 

ON CHANNEL CURRENT VS. VOLTAGE 
±14 

~ :t12 

~ ±10 

j ±8 

h 
h 
'?' 

L...55DC 

........: ", +25DC 

~ ""'-+125DC 

±6 
j 

±4 l.a ~ 
-

±2 ~P" 

1/ 
±2 ±4 ±£ :t8 ± 10 i12 ±14 

VIN - Voltage Across SWitch 

SUPPLY CURRENT VS. TOGGLE FREQUENCY 

"" E 

r 
i 4 

'" 
:!., 2t---t---+---p~"t----1 

lK 10K lOOK 1M toM 
Toggle Frequency, Hz 

ACCESS TIME VS. LOGIC LEVEL (HIGH) 

90 

_ 80 

E ,:: 70 

60 

0 

0 

0(-

01\ 
'--_V~EFoIOPEIN fO) Log~c HI~h L,;,«16V I _ 

VAEP logic High for logic High Levels ...... 6V 

'\ 
........ 500 

...... :J. 
400 

0 30 3 4 5 6 7 8 9 10 11 12 13 14 15 

loyic Level {High}, Volts 

Switching Waveforms 

V AH 4.0V ADDRESS 

~
RIVEIVAI 

'NAH OV 

1 -

.~ OUTPUT 

~ ~ I I ·toV 

I 1 
_ItA 1_ 

TEST 
CIRCUIT 

NO.6 

TEST 
CIRCUIT 

NO.7 

TEST 
CIRCUIT 

NO.8 
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ON CHANNEL CURRENT 
VS. VOLTAGE 

SUPPLY CURRENT 
VS. TOGGLE FREQUENCY 

A3 

A, IN, 

A, *HI-546 THRU 
IN1S 

AD INIS 

EN 

'Similar Connection for HI·547 

ACCESS TIME 
VS. LOGIC LEVEL (HIGH) 

+15V 

VREF v' 
A3 IN 1 

A, IN 2THRU IN15 
A, 

*HI-546 
AO INI6 

PROSE 

EN OUT 
----., 

-= -= +4.0V 

'Similar Connection for HI·547 

V A I~PUT 
2VIDIV. 

OUTPUT A 

\ 5ylDIVj I 
"- J 

200ns/01\l, 

V 

I 
I 
1 
I 
I 

- I L ____ .J 



HI-546/547 

Switching Waveforms (continued) 

V AH 0 4.0 V 

II ADDRESS 

~ ~VE1VAI 

-::v::- OUTPUT 

50 50' 

I I 

--- t+-tOPEN 

ENABLE DRIVE 
VAH 4,0 V 

5~- - - - t"'---
ov 

~10 f 
--r----' I 
~ tONtENt 1- I 

I 1-+1 

~UT 
90' 

tOFF I 
tENI I+---

Schematic Diagrams 

TEST 
CIRCUIT 

NO.9 

BREAK-BE FORE-MAKE 
DELAY (tOPEN) 

*HI-S46 r~~~ 

'JOUT 

125pF 

'Similar Connection for HI-54? 

TEST 
CIRCUIT 
NO. 10 

ENABLE DELAY (tON(EN),tOFF(EN)) 

12.5pF 

'Similar Connection for HI-54? 

BREAK-BEFORE-MAKE DELAY(tOPEN) 

v A I~PUT 
2V/OIV, 

lAON BA ON 

V" OU~PUT 1 \ I 
\ J 

0.5VIDIV, , I 
V u 

100ns/Olv. 

ENABLE DELAY (tON(EN),tOFF(EN) 

lA ON 

If OUTPUT A \ 

r-IN 1 THRU 
2VIDIV. 

IN B OFF I I f'.. 

lQOns/Dlv. 

ADDRESS INPUT BUFFER 
AND LEVEL SHIFTER 
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LEVEL 
SHIFTED 

ADDRESS 
mOECDDE 

LEVEL 
SHIFTED 

'--t--::+"---:-- ADDRESS 
m DECODE 



HI-546/547 

Schematic Diagrams (continued) 

ADDRESS DECODER v. MULTIPLEX SWITCH 
DE~~~ >,:>---:::=====:-.------~~., 

ENABLE 

A30R A3 

Delete As or A3 
Input for HI-54? 

Die Characteristics 

DE~~~~ >>---------41>-------' 

v-

Transistor Count .................................. 485 

Die Dimensions .......................... 159 x 84 mils 

Substrate Potential* ........................ -VSUPPL Y 

Process .................................... CMOS-DI 

Thermal Constants (OC/W) 

Ceramic DIP 

9ja 

50 

9jc 

18 

*The substrate appears resistive to the -VSUPPLY terminal, therefore it may 
be left floating (Insulating Die Mount) or it may be mounted on a conductor 
at -VSUPPL y potential. 
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EHARRIS HI-548/549 
Single 8/Differential 4 Channel CMOS Analog 

Multiplexers with Active Overvoltage Protection 

Features 
• Analog Overvoltage Protection •..•. 70Vp_p 
• No Channel Interaction During Overvoltage 

• ESD Resistant .................... >4,OOOV 

• Guaranteed RON Matching 

• 44V Maximum Power Supply 

• Break-Before-Make Switching 

• Analog Signal Range .............. '" ±15V 

• Access Time (Typical) • • . . • . . • • . • • • •• 500ns 

• Standby Power (Typical) •••••••••••• 7.5mW 

Applications 
• Data Acquisition 

• Industrial Controls 

• Telemetry 

Pinouts 

Description 
The HI-548 and 549 are analog multiplexers with Active Overvoltage Protection and 
guaranteed RON matching. Analog input levels may greatly exceed either power 
supply without damaging the device or disturbing the signal path of other channels. 
Active protection circuitry assures that signal fidelity is maintained even under fault 
conditions that would destroy other multiplexers. Analog inputs can withstand 
constant 70 volt peak-ta-peak levels and typically survive static discharges beyond 
4,000 volts. Digital inputs will also sustain continous faults up to 4 volts greater than 
either supply. In addition, signal sources are protected from short circuiting should 
multiplexer supply loss occur; each input presents 1 kO of resistance under this 
condition. These features make the HI-548 and HI-549 ideal for use in systems 
where the analog inputs originate from external equipment or separately powered 
circuitry. Both devices are fabricated with 44 volt dielectrically isolated CMOS 
technology. The HI-548 is an 8 channel device and the HI-549 is a 4 channel 
differential version. If input overvoltage protection is not needed, the HI-508 and 
HI-509 multiplexers are recommended. For further information see Application 
Notes 520 and 521. 

The HI-548/549 are offered in both commercial and military grades. Additional 
Hi-Rei screening to MIL-STD-883 is available, when specified by the "/883" suffix. 
For details, request the HI-548/883 or HI-549/883 data sheets. 

Each device is available in a 16 pin Plastic or Ceramic DIP, and a 20 pin Plastic 
Leaded Chip Carrier (PLCC). 

Functional Diagrams 
HII-548 (CERAMIC DIP) 
H13-548 (PLASTIC DIP) 

TOP VIEW 

H11-549 (CERAMIC DIP) 
H13-549 (PLASTIC DIP) 

TOP VIEW 
IN 1 

lk 
I OUT 
, -

An 
ENABLE 

-VSUPPLY 
IN 1 
IN 2 

IN 3 
IN 4 

OUT 

HI4P548 (PLCC) 
TOP VIEW 

AI 
A2 
GNO 

+VSUPPLY 
IN 5 
IN 6 

IN 7 

IN 8 

An 

ENABLE 

-VSUPPLY 
IN lA 
IN 2A 
IN 3A 
IN 4A 

OUT A 

HI4P549 (PLCC) 
TOP VIEW 

< • 

5 5 

AI 

GNO 

+VSUPPlY 
IN lB 
IN 2B 

IN 3B 
IN4B 
OUT B 

IN 2 
lk 

II 
L ___ 

• DECODER I 
II DRIVER • I I 

• II 
I I 

lk I I 
IN 8 

I II 
L ___ 

HI-548 

IN IAo-t-""";...-.. -c1;."'t'----_t-oOUTA 

• • IN 4A o-... M,.. ... Ioj-Cfl'-!o .. 

IN 18 CJoot-""",....r.;-""'!'if,"'t'-=~~~_t-oOUT8 

• • 
IN 48CJoo ... ""' ...... oj.p.;-"' ...... 

HI-549 
AD AI EN 

CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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Specifications HI-548/549 

Absolute Maximum Ratings (Note 1) 

VSUPPL Y(+) to VSUPPL Y(-) .............................. 44V Continuous Current, S or 0: ............................. 20mA 
VSUPPL Y(+) to GND ..................................... 22V Peak Current, S or 0 
VSUPPL Y(-) to GND ..................................... 25V (Pulsed at 1 ms, 10% duty cycle max): .................. 40mA 
Digital Input Overvoltage Junction Temperature ................................ +175OC 

+VEN, +VA ................................ +VSUPPLY +4V Operating Temperature Ranges: 
-VEN, -VA· ................................. -VSUPPL Y -4V HI-548/549-2 ........................... -55OC to + 1250C 

or 20mA, whichever occurs first HI-548/549-4 '" . . . . . . . . . . . . . . . . . . . . . . . .. -250C to +850C 
Analog Signal Overvoltage (Note 7) HI-548/549-5 ............................... OOC to +750 C 

+VS ..............•..................... +VSUPPL Y +20V Storage Temperature Range ................. -650 C to +1500C 
-VS ...................................... -VSUPPL Y -20V 

Electrical Specifications Unless Otherwise Specified: 
Supplies = +15V, -15V; VAH (Logic Level High) = +4.0V; 
VAL (Logic Level Low) = +0.8V. For Test Conditions, consult Performance Characteristics Section. 

HI·548/HI·549 HI·5481549 
TRUTH TABLES -2 -4, -5 

PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. ~NITS 
ANALOG CHANNEL CHARACTERISTICS HI·548 
VS, Analog Signal Range Full -15 +15 -15 +15 V 

'RON, On Resistance (Note 2) +25°C 1.2 1.5 1.5 1.8 kO "ON" 
Full 1.5 1.8 1.8 2.0 kO A2 AI Ao EN CHANNEL 

""RON, Any Two Channels +25°C 7.0 7.0 % 
X X X L NONE IS (OFF), Off Input Leakage Current (Note 3) +25°C 0.03 0.03 nA 
L L L H 1 Full 50 50 nA 

10 (OFF), Off Output Leakage Current (Note 3) +25°C 0.1 0.1 nA L L H H 2 

HI·548 Full 200 200 nA L H L H 3 

HI·549 Full 100 100 nA L H H H 4 

ID(OFF) with Input Overvoltage Applied (Note 4) +25OC 4.0 4.0 nA H L L H 5 

Full 2.0 pA H L H H 6 

10 (ON), On Channel Leakage Current (Note 3) +25°C 0.1 0.1 nA H H L H 7 

HI·548 Full 200 200 nA H H H H 8 

HI·549 Full 100 100 nA 
IDIFF. Differential Off Output Leakage Current Full 50 50 nA 
(HI·549 Only) 

HI·549 DIGITAL INPUT CHARACTERISTICS 
VAL, Input Low Threshold (Note 8) Full 0.8 0.8 V 

"ON" 
VAH" Input High Threshold Full 4.0 4.0 V 

AI Ao EN CHANNEL 
lA, Input Leakage Current (High or Low) (Note 5) Full 1.0 1.0 pA 

PAIR 
SWITCHING CHARACTERISTICS X X L NONE 
tA, Access Time +25°C 0.5 0.5 I's L L H 1 

Full 1.0 1.0 p.S L H H 2 
tOPEN, Break·Belora-Make Delay +25°C 25 80 25 80 ns H L H 3 
tON (EN), Enable Delay (ON) +25°C 300 500 300 ns H H H 4 

Full 1000 1000 ns 
tOFF (EN): Enable Delay (OFF) +25°C 300 500 300 ns 

Full 1000 1000 ns 
Settling Time (0.1%) +25°C 1.2 1.2 p.S 

(0.01%) +25°C 3.5 3.5 p.S 
"OFF Isolation" (Note 6) +25°C 50 68 50 68 dB 
Cs (OFF), Channel Input CapaCitance +25°C 5 5 pF 
CD (OFF), Channel Output CapaCitance HI·548 +25°C 25 25 pF 

HI·549 +25°C 12 12 pF 
CA, Digital Input Capacitance +25°C 5 5 pF 
CDS (OFF), Input to Output Capacitance +25°C 0.1 0.1 pF 

POWER REQUIREMENTS 
PO, Power Dissipation Full 7.5 7.5 mW 
1+, Current (Note 7) Full 0.5 2.0 0.5 2.0 mA 
1-, Current (Note 7) Full 0.02 1.0 0.02 1.0 mA 

NOTES: 
1. Absolute maximum ratings are limiting values, applied individually, be· 5. Digital input leakage is primarily due to the clamp diodes (see Schematic). 

yond which the aerviceability of the circu~ may be impaired. Functional Typical leakage is less than 1 nA at 25OC. 
operation under any of theae conditions is not necessarily implied. 6. VEN = O.BV, RL = 1 K, CL = 15pF, Vs = 7VRMS' f = 100kHz. Worst case 

2. VOUT = ±10V, lOUT = -IOOpA. isolation occurs on channel 4 due to proximity of the output pins. 
3. Ten nanoamps is the practical lower limit for high speed measurement in 7. VEN, VA = OV or 4.0V. 

the production test environment. B. To drive from DTL/TTL Circuits, 1 kO pull-up resistors to +S'OVSUPPLY 
4. Analog Overvoltage = ±33V. are recommended. 
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HI-548/549 

Performance Characteristics and Test Circuits 
Unless Otherwise Specified T A = 25°C, VSupply = ± 15 V, 
VAH = +4 V, VAL = 0.8 V 

ON RESISTANCE vs. 
INPUT SIGNAL LEVEL, SUPPLY VOLTAGE 

1.4 

1. 

1. 

1. 

1. 

O. 

O. 

3 

2 

1 

a 

9 

a 

ON RESISTANCE 
vs. ANALOG INPUT VOLTAGE 

TA +1250C 

I 

TA "'+250C 

TA ~ -550C 

'10 -8 -6 -4 -2 

VIN - Analog Input (Volts) 

LEAKAGE CURRENT VS. TEMPERATURE 
laOnA 

lEAKAGE 

OFF OUTPUT ./ ~ 

~fG~~~~¥-
CURRENT ~./ -17 V 

100pA 

10pA 
25 

/ 

. 

IO(ON) "-

./ 
~ ./ ~~~~~~URRENT -
V IS (OFF) 

. . . 50 75 100 
Temperature _DC 

ANALOG INPUT 
OVERVOLTAGE CHARACTERISTICS 

~~I 
dl ..-
4a~ ANALOG INPUT ./ /' -"'u.:- )-CURRENT (lIN';'" V .!e 

93-3 _c 

./ """ 2.'E J ...... 
I.~ I ~ ~ OUTPUT OFF 

lEAKAGE CURRENT-
Jj/ loIOFF) 

±15 ±18 ±21 ±24 i27 1:30 ±33 t36 
VIN - Analog Input Overvoltage (Volts) 

TEST CIRCUIT 
NO.1 

~ -
5 

4 

3 

2 

1 

a 
9 

O. a 

R _ V2 
ON - 100llA 

NORMALIZED ON RESISTANCE 
vs. SUPPLY VOLTAGE 

+1250C ~TA ~-550C _ 
VIN ~+5V 

........ " 
........ 

....... 
....... 

"""-

10 ;5 ±6 ±7 ±8 ±9 1"10 ±ll t12 ±13 ±14 t15 

Supply Voltage - Volts 

TEST CIRCUIT 
NO.2· 

lt31N «I.BV 

OUT 

! A IDtOFF) 

t10V -=- ~:;:tOV 

~ * 
TEST CIRCUIT 

NO.4· 

+4V 

-=-±10V 

f 

±10V-=-

I 

TEST CIRCUIT 
NO.3· 

EN 

*"I1No measurements per channel: 
+10 V/-10 V and -10 V/+10 V . 

+O.BV 

(Two measurements per device for IO(OFF): 
+10 V/-10 V and -10 V/+10 V.) 

TEST CIRCUIT 
NO.5 

ANALOG INPUT 
OVERVOLTAGE CHARACTERISTICS 

4-61 



HI-548/549 

Performance Characteristics and Test Circuits (continued) 

ON CHANNEL CURRENT VS. VOLTAGE 
t14 

2 ~t1 
:.. +10 
~ -
8 :!II 
"§ ±6 
! , t4 

2 ~ 
1/ 

1/j-55u C 

/.. V" +25u C 

h ~ ~ +125oC 

h ~ 
1£ ~ 
P'" 

:!II :!II tiD t12 
VIN - Voltage Across Switch 

SUPPLY CURRENT VS. TOGGLE FREQUENCY 

Toggle Frequency. Hz 

ACCESS TIME VS. LOGIC LEVEL (HIGH) 

90 0 

:g 80 0 

E 70 ;:: 0 

~ 60 
:t , 50 
:!-

40 

0\ 
0 ...... 
0 1"-0.. 

0 30 3 4 5 6 8 9 10 11 12 13 14 15 

Logic Level (High). Volts 

Switching Waveforms 

VAH = 4.0 ADDRESS 

~
RIVEIVAI 

5~ W 

1 -

+~OV OUTPUT A 

) 90% 
1 I -IOV 

I 1 
---+1 'A 1_ 

TEST CIRCUIT 
NO.6 ON CHANNEL CURRENT 

VS. VOLTAGE 

r---t--Q._--o--+-{ A 

1 

+15/+1OV 

SUPPLY CURRENT 
VS. TOGGLE FREQUENCY 

TEST CIRCUIT 
NO.7 

'2 

*HI-548 
IN21-,-<:>--, 

THI:~t-'-<.r-~ 
IN8 

OUT t--(r-+----, 

VAH = 4V 
VAL == OW 
scm DUTY CYCLE 

'Slmiiar connection for HI-549 

TEST CIRCUIT ACCESS TIME 
NO.8 VS. LOGIC LEVEL (HIGH) 

A1 
IN I 

AI 
IN2THRUlN7 

AO *HI-548 IN 8 

SOH EN 
OUT 

'::" '::" +VAH GNO 

'Similar connection for HI-549 

ACCESS TIME 

f---- t-- VA I~PUT 1 
2V/OIV. L 

,I 

OUTPUT A 

\ 5~/DIVi I 
I'.. J 

200ns/DIY. 
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HI-548/549 

Switching Waveforms (continued) 

TEST CIRCUIT 
NO.9 

YAW 4.0 

Ii ADDRESS 

BREAK-BEfORE-MAKE DELAY(tOPEN) 

~ ~VEIVAI 

~
OUTPUT 

50'. 50",. 

I I _ t+-

'OPEN 

ENABLE DRIVE 

VAW 4.0 

5~- - - - ~ ..... __ _ 

OV 

: 90%7(----+:-""11 OUTPUT 

I I: I ~ 
~ 'ONIENII- I 'OFF I 

I I -I IENI I+--

Schematic Diagrams 

" IN 1 I-------,t-O 

'Similar connection for HI-549 

TEST CIRCUIT 
NO. 10 

VOUT 

ENABLE DELAY (tON(EN),tOff(EN» 

IN 1 

IN 2 

THRU 

IN B 

OUT f---o-.p--, 

tK 

'Similar connection for HI-549 

TTl REFERENCE CIRCUIT r------- ---, 
I V+ I 
I I 
I I 
I I 
I I 

I 
I 
I 
I 

I I L. __ G!!D ______ -I 

LEVEL SHIFTER 

BREAK-BEfORE-MAKE DELAY (tOPEN) 

V A I~PUT 
2V/OIV. 

r 
OUTPUT \ I 

J .SV/DIV. , I 
V ~ 

100ns/Olv. 

ENABLE DELAY (tON(EN),tOFF(EN» 

EN~BlE , 
DRIVE \ 2V/DIV. 

I OUTPUT 
2V/DIV. 

100ns/Dtv. 

ADDRESS INPUT BUfFER 
AND LEVEL SHIFTER 

\ 
"-

- - - - - - - - - - - - - - - - - - - - - - -- - - - - -- - ---, 
V+ 

lEVEL 
SHIFTED 
ADDRESS 
TD DECDDE 

lEVEL 
+--+--::+--t" SHIFTED 

I 

ADDRESS 
TO DECODE 

GND I L ___________________________________ J 
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HI-548/549 

Schematic Diagrams (continued) 

MULTIPLEX SWITCH 
OE~~g~ );>---------_------------1r--, 

ADDRESS DECODER 

ENABLE 

Die Characteristics 

v-

TO N·CHANNEL 
DEVICE OF 
THE SWITCH PAIR 

L __________ _____ ~ 

OE~~~~ >\>-----------...... --------' 

Transistor Count .................................. 253 

Die Dimensions .......................... 108 x 83 mils 

Substrate Potential* ........................ -VSUPPL Y 
Process .................................... CMOS-DI 

Thermal Constants (OC/W) 9ja 9jc 

Ceram ic DIP 104 35 

Plastic DIP 75 23 

*The substrate appears resistive to the -VSUPPLY terminal, therefore it may 
be left floating (Insulating Die Mount) or it may be mounted on a conductor 
at -VSUPPL y potential. 
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m~RIS HI· 1818A/1828A 

Features 
• Signal Range ............................................................ ±15V 
• "ON" Resistance (Typ.) ...........•............................... 250!l 
• Input Leakage (Max) ••....•...••....•..•.•.....•..••.........•....•. 5OnA 
• Access Time (Typ.) ................................................. 350ns 
• Power Consumption (Typ.) ..................................... 5mW 
• DTL/TTL Compatible Address 
• -550 C to +1250 C Operation 

Description 
The HI-1818A/1828A are monolithic high performance 
CMOS analog multiplexers offering built-in channel 
selection decoding plus an inhibit (enable) input for 
disabling all channels. Dielectric Isolation (01) proces­
sing is used for enhanced reliability and performance (see 
Application Note 521). Substrate leakage and parasitic 
capacitance are much lower, resulting in extremely low 
static errors and high throughput rates. Low output leak­
age (typically 0.1 nA) and low channel ON resistance 
(250!l) assure optimum performance in low level or 
current mode applications. 

Pinouts HI-1818A CERAMIC/PLASTIC DIP 
TOP VIEW 

ADDRESSAO 

-VSUPPLV 

IN 2 

IN 3 

HI-1818A PLASTIC LEADED CHIP CARRIER 
TOP VIEW 

~ 
Q. 
Q. 

" 
<" '-' 0 ~ z < 

Low Resistance Single a/Differential 
4 Channel CMOS Analog Multiplexers 

Applications 
• Data Acquisition Systems 
• Precision Instrumentation 
• Demultiplexing 
• Selector Switch 

The HI-1818A is a single-ended 8 channel multiplexer, 
while the HI-1828A is a differential 4 channel version. 
Either device is ideally suited for medical instrumentation, 
telemetry systems, and microprocessor based data acqui­
sition systems. 

The HI-1818A11828A is offered in a 16 pin Ceramic or 
Plastic DIP and a 20 pin Plastic Leaded Chip Carrier 
(PLCC). For MIL-STD-883 compliant parts, request the 
HI-1818A/883; HI-1828A/883 data sheet. 

HI-1828A CERAMIC/PLASTIC DIP 
TOP VIEW 

ADDRESSA1 1 

+5.0V SUPPL V 2 

ENABLE 

ADDRESS AO 

-VSUPPLV 

+VSUPPL Y 

IN 1 

OUT 1 THRU 4 

IN 2 

IN 3 

9 IN 4 

HI-1828A PLASTIC LEADED CHIP CARRIER 
TOP VIEW 

CAUTION: These devices are sensitive to electrostatic discharge. Proper Ie handling procedures should be followed. 
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Functional Diagrams 

DIGITAL ADDRESS 

ADDREssl INPUT 
BUFFERS 

ADDRESS 1 INPUT 
BUFFERS 

Die Characteristics 

HI-1818A/1828A 

TRUTH TABLES 

HI·1818A HI·1818A 

ADDRESS "ON" 

HI·1828A 

i="----.-<> IN 1 

OUT 
.----+-'--<> IN 8 

A2 

L 

L 

L 

L 

H 

H 

H 

H 

X 

A1 

L 

L 

H 

H 

L 

L 

H 

H 

X 

AO EN CHANNEL 

L L 1 

H L 2 

L L 3 

H L 4 

L L 5 

H L 6 

L L 7 

H L 8 

X H NONE 

HI·1828A 

ADDRESS "ON" 

A1 

L 

L 
IN I 

H 

H 

X 

IN 5 

Transistor Count ............................................................. 21 0 
Die Dimensions ........................................ 67.7 x 103.5 mils 

Substrate Potential' ........................................... ·VSUPPLY 
Process: ................................................................. CMOS-DI 

Thermal Constants (OC/W) 

Ceramic DIP 
Plastic DIP 

(Jja 
111 

81 

(Jjc 
41 

33 

*The substrate appears resistive to the -VSUPPLY terminal, therefore it 
may be left floating (Insulating Die Mount) or it may be mounted on a con· 
ductor at ·VSUPPLY potential. 
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Specifications HI-1818A/1828A 

Absolute Maximum Ratings (Note 1) 

Voltage Between Supply Pins ................................... 40.0V Storage Temperature Range .................. -650 C to +1500 C 
Logic Supply Voltage ................................................. 30.0V Digital Input Voltage .................. -VSUPPL Y to +VSUPPL Y 
Analog Input Voltage: Operating Temperature Ranges: 

+VIN ........................................................ +VSUPPLY +2V HI-1818A/1828A-2, -8 ......................... -550 C to +1250 C 
-VIN·················································· ........ -VSUPPL Y -2V HI-1818A/1828A-5 ...................................... OoC to 750 C 

Junction Temperature (Max) .................................... 1750 C 

Electrical Specifications Unless Otherwise Specified: Supplies = +15V, -15V, +5V; 
VAL = OAV, VAH = 4.0V, VIN = O.8V 

HI-1818A11828A HI-1818A/1828A 
-2, -8 -5 

PARAMETER TEMP MIN TYP MAX MIN TYP 

ANALOG CHANNEL CHARACTERISTICS 

'VIN, Analog Signal Range Full -15 +15 -15 
'RON, ON Resistance (Note 2) +250 C 250 400 250 

Full 500 

'IS(OFF}, Input leakage Current Full 50 
'ID(ON), On Channel leakage Current 

(HI-1818A) Full 250 
(HI-1828A) Full 125 

ID(OFF} Output leakage Current 
(HI-1818A) Full 250 
(HI-1828A) Full 125 

DIGITAL INPUT CHARACTERISTICS 

VAL, Input low Threshold Full 0.4 
V AH, Input High Threshold (Note 3) Full 4.0 4.0 
lA, Input leakage Current Full 1 

SWITCHING CHARACTERISTICS 

TS, Access Time (Note 4) +250 C 350 500 350 
Full 1000 

Break-Belore-Make Delay +250 C 25 100 
Settling Time (0.1%) +250 C 1.08 1.08 

(0.025%) +250 C 2.8 2.8 
CIN, Channel Input Capacitance +250 C 4 4 
COUT, Channel Output Capacitance 

(HI-1818A) +250 C 20 20 
(HI-1828A) +250 C 10 10 

CDS(OFF), Drain-To-Source 
Capacitance +250 C 0.6 0.6 
CD, Digital Input Capacitance +250 C 5 5 
tON(EN), Enable Delay (ON) +250 C 300 500 300 

Full 1000 
tOFF(EN), Enable Delay (OFF) +250 C 300 500 300 

Full 1000 

POWER REQUIREMENTS 

PD, Power Dissipation Full 27.5 
'1+, Current Full 0.5 
'1-, Current Full 1 
'Il, Current Full 1 

*100% Tested for Dash 8. Leakage currents not tested at -550C. 

NOTES: 1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the cir-
cuit may be impaired. Functional operation under any of these conditions is not necessarily implied. 

2. VOUT = ±10V, lOUT = -1 mA. 

3. To drive from DTLrrTL circuits, 1k() pull-up resistors to +S.OV supply are recommended. 

4. Time measured to 90% of final output level; VOUT = -S.OV to +S.OV, Digital Inputs = OV to +4.0V. 
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MAX UNITS 

+15 V 
400 !l 
500 !l 

50 nA 

250 nA 
125 nA 

250 nA 
125 nA 

0.4 V 
V 

1 JiA 

ns 
1000 ns 

ns 
JiS 
J1S 
pF 

pF 
pF 

pF 
pF 
ns 

1000 ns 
ns 

1000 ns 

27.5 mW 
0.5 rnA 
1 mA 
1 rnA 

<C 
CO 
C'I 
CO ..... 
~ 
CO ..... 
CO ..... 

I -J: 



HI-1818A11828A 

Performance Characteristics 

ON RESISTANCE vs. ANALOG SIGNAL LEVEL 

350 

II) 300 
~ 
J: o 

I 250 
w 
<.J z 
~200 
II) 

u; 
w 
a: 150 
is 

100 

_ 1mA 

r--

OUT 

~ --2 - -55°7 - I---

+60 

« +40 
E , 
~ +20 
w 
a: 
a: 
::> 
<.J 

~ 
;: -20 

~ 
~ -40 

-60 

ON CHANNEL CURRENT vs. VOLTAGE 

-55°C 

~ 
...-:::::f:::::::: 
~~ 

,/ ~ 
+25°i:: 

~ V 
+250~ 

+1~ 

~ 
-10 -8 -6 -4 -2 o +2 .... ofij +8 +10 -10 -8 -6 -2 +2 .... ofij +8 +10 

VI - SIGNAL LEVEL (VOLTS) 

LEAKAGE CURRENTS vs. TEMPERATURE· 

OFF LEAKAGE 

~EN <v 
OUT 

: A ID(OFF) 

±'OV -i t +'OV 

'S(OFFI~: OUT 

±1DV -=- I 

I -=- EN 4V 

-:- J+10V 

ON LEAKAGE 

f ;:'OV 

O.4V 

*Two measurements per channel: 
+10V/-l0V and -10V/+l0V. 
(Two measurements per device 
for ID(OFF): 
+10V/-l0V and -10V/+l0V). 

,OpA '--_--' __ --'-__ -'-__ 

25 
TEMPERAtURE ~oC 
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VOLTAGE ACROSS SWITCH 

ACCESS TIME 

+5VOC O"'Nw''+-_Q 

-5VDC 

PROBE ,-----l 
I 
I 
I 
I 
I 

'-1""'-'-10.....:+----': _ i L_= __ J 

OVto4V 

'Similar connection for HI-1828A. 

4V 

I AD INPUT - 1-50% 2V/DIV -

I , 
I +5V 

I OUTPUT J 5V/DIV , 
90% \: -5V J 

:--f-TA-

100ns/DIV 

r-



Switching Waveforms 

ENABLE DRIVE 

VAH '" 4.0V 

ADDRESS DRIVE 

4.oV 

r-\ ADDRESS -2!.J \.iliiiVA) 

---;;\ r;;:--
.u~ "YI'"~ 

~:--
tOPEN 

-=-

-=-

HI-1818A11828A 

ENABLE DELAY 
(ION(EN). IOff(EN» 

+15 -15 +5.0 

A2 
+5V 

Al 

AD IN 2 
THRU 

IN B 

EN 
OUT 

-=-

50 • HI-181BA 200 
Q Q 

'Similar Connection For HI-1828A 

BREAK-BEfORE-MAKE 
DELAY (IOPEN) 

+15 -15 +5.0 

A2 
+5V 

Al 

EN 
IN 2 

IN 3-B 

-=-AD 
OUT 

50 * HI-1818A 200 Q Q 

"'Slmilar Connection For HI-1828A 
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.. 
-\ 

12.5pF 

l-

12.5pF 

-

ENABLE DELAY 
(ION(EN). IOff(EN» 

ENABLE , 
DRIVE 
2V/DiV I 

OUTPUT 
2V/OIV 

50ns/DIV 

~ 

BREAK-BEfORE-MAKE 
DELAY (IOPEN) 

I 
I- V~ INPIUT 

2V/DiV 

" r OUTPU;' J 
~ 'r/DI~ .I 
IV ~ 

100ns/DIV 

...... 



Schematic Diagrams 

All N-Channel Bodies to V­
Ail P-Channel Bodies to V+ 
Unless Otherwise Indicated 

All N-Channel Bodies to V­
Ail P-Channel Bodies to V+ 
A2 or"AZ not used for HI-1828A 

All N-Channel Bodies to V­
Ail P-Channel Bodies to V+ 
Unless Otherwise Indicated 

A2 OR A2 

HI-1818A/1828A 

ADDRESS INPUT BUFFER 

Y-+-H---+-.: 

ADDRESS DECODER 

:--------, 

A1 OR Ai 

I 
I 

I 
I 

I 
TO I 

P CHANNEL 
SWITCH 

TO I 
N CHANNEl 
SWITCH 

I 
I ' 

~S~I~:E~ ___ ~ 

MULTIPLEXER SWITCH 
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Ordering Information 
HARRIS PRODUCT CODE EXAMPLE 

H I 1 574A 5 

TT- P~BER T 
TEMPERATURE: 

___________ ....1 1 OOCto +200oC' 

PREFIX: 
H (HARRIS) 

FAMILY: 
A Analog 
C Communications 
D Digital 
F Filters 
I Interface 
M Memory 
V Analog High Voltage 
Y Analog Hybrids 

PACKAGE: 
1 
2 
3 
4 
5 
7 
o 

Dual-In-Line Ceramic 
Metal Can 
Dual-In-Line Plastic 
Leadless Chip Carriers (LCC) 
LCCHybrid 
Mini-DIP, Ceramic 
Chip Form 

2 -550C to +1250C 
4 -250C to +S50C 
5 OOCto+750C 
6 100% +250C Probe (Dice Only) 
7 Dash-7 High Reliability Commercial 

Product Ooc to + 750C 
S Dash-S Program 

HA2-2520-S (Example Only) 
9 -400C to +850C 

* Special High Temperature Testing Available on Certain 
Product Types. Consult Factory for Availability. 

Standard Products Packaging Availabilityt 

CERAMIC SURFACE MOUNT 
PACKAGE DIP LCC 

TEMPERATURE -5 -2 -8 -8 

DEVICE NUMBER 

ANALOG TO DIGITAL 

HI-574A K K K * 
HI-674A K K K * 
HI-774 K K 

* Available as MIL-STD-S83 Only. 
t LeUer codes in this chart indicate available packages as shown in Packaging Section 11. 
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Selection Guide 

AID CONVERTERS 

TEMPERATURE RANGE 
NON- DIFFERENTIAL CONVERSION SPEED (~s) 

RESOLU- -SSoC oOC -400C LINEARITY NON- GAIN DRIFT (INTERNAL CLOCK) 
PART TlON TO TO TO MAX. UNEARITY* ppmJOCMAX. 

NUMBER BITS +12SoC +7SoC +8SoC PACKAGE 2S0C(LSB) MAX.2SoC FULL TEMP 12-BITS 8-BITS PAGE 

HI-574AJD X ±1 11-Bits ±45 

HI-574AKD X ±1/2 12-Bits ±25 

HI-574ALD 12 X 28 Pin ±1/2 12-Bits ±10 20 13 5-4 

HI-574ASD X Cerdip ±1 11-Bits ±50 

HI-574ATD x ±1/2 12-Bits ±25 

HI-674AJD X ±1 11-Bits ±45 

HI-674AKD X ±1/2 12-Bits ±25 

HI-674ALD 12 X 28 Pin ±1/2 12-Bits ±10 12 8 5-15 

HI-674ASD X Cerdip ±1 11-Bits ±50 

HI-674ATD x ±1/2 12-Bits ±25 

HI-774J X ±1 11-Bits ±45 
12 8.0 6.4 5-26 

HI-774K X 28 Pin ±1/2 12-Bijs ±25 

HI-774S X 
Cerdip 

±1 11-BHs ±50 
12 9.0 6.6 

HI-774T X ±1/2 12-BHs ±25 

* Maximum resolution with no missing codes guaranteed. 
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Features 

HI·574A 
Fast, Complete 12-Bit AID Converter 

with Microprocessor Interface 

Description 
• Complete 12-Blt A/D Converter with Reference and The HI-574A is a complete 12-bit Analog-to-Digital 

Converter, including a +10V reference, clock, three-state 
outputs and a digital interface for microprocessor control. 
Successive approximation conversion is performed by 
two monolithic dice housed in a 28 pin package. The 
bipolar analog die features the Harris Dielectric Isolation 
process, which provides enhanced AC performance and 
freedom from latCh-up. 

Clock 

• Full 8-, 12- or 16-Bit Microprocessor Bus Interface 

• 150ns Bus Access Time 

• No Missing Codes Over Temperature 

• Minimal Set-up Time for Control Signals 

• 2511S Maximum Conversion Time 

• Low Noise, via Current-Mode Signal Transmission 
Between Chips 

Custom design of each IC (bipolar analog and CMOS 
digital) has yielded improved performance over existing 
versions of this converter. The voltage comparator 
features high PSRR plus a high speed current-mode latch, 
and provides precise decisions down to 0.1 LSB of input 
overdrive. More than 2X reduction in noise has been 
achieved by using current instead of voltage for 
transmission of all signals between the analog and digital 
IC's. Also, the clock oscillator is current-controlled for 
excellent stability over temperature. The oscillator is 
trimmed for a nominal conversion time of 20 ± 1J1S. 

• Byte Enable/Short Cycle (Ao Input) 
~ Guaranteed Break-Before-Make Action, Eliminating 

Bus Contention During Read Operation. Latched by 
the Start Convert Input (To Set the Conversion 
Length) 

• Improved Second Source for AD574A and HS574 

• ±12V to ±15V Operation 

Applications 
• Military and Industrial Data Acquisition Systems 

The HI-574A offers standard unipolar and bipolar input 
ranges, laser trimmed for specified linearity, gain and 
offset accuracy. The buried zener reference circuit is 
trimmed for minimum temperature coefficient. • Electronic Test and Scientific Instrumentation 

• Process Control Systems 

Pinouts 

Power requirements are +5V and ±12V to ±15V, with typi­
cal dissipation of 385mW at ±12V. All models are available 
in a 28 pin Sidebrazed DIP. For additional Hi-Rei screen­
ing including 160 hour burn-in, specify the "-8" suffix. For 
MIL-STD-883 compliant parts, request the HI-574A/883 
data sheet. 

SIDEBRAZE DIP 
TOP VIEW 

+5V SUPPLY VLOGIC,~ 1 280 STATUS, STS 

DATA MODE SEL 12/a[ 2 27 g DBll MSB 

CHIP SEL, fS E 3 26 ~ DB10 
BYTE ADDR/sHORT r 4 25 h DB9 

CYCLE, AU': t:J 
READ/CONVERT, R/C~ 5 24 g OB8 

CHIP ENABLE, CE E 6 23 g DB7 

+15V SUPPL Y, VCC ~ 7 HI.574A 22 g DB6 
+IUV REF, REF OUT E 8 21 P DB5 

ANALOG r h 
COMMON, AC I: 9 20 t:J DB4 

REF INPUT, REF IN [ 10 19 P DB3 

-15VSUPPLY, VEE[ 11 18 ~DB2 
BIPOLAR OFFSET [ 12 17 h OBI 

BIP OFF f-l 
10V INPUT [ 13 16 P DBO LSB 

20V'INPUT [ 14 15 b DIG COMMON, DC ..... __ ...,...-__ -F" 

OUTPUTS 

OIGITAL 

OATA 

CAUTION: These devices are sensitive to electrostatic discharge. Proper Ie handling procedures should be followed. 
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HI-574A 

BIT OUTPUTS 

r-~~--------------J~'------------------~~ 
( MSB LSB\ 

q ( 0 q q 
27 26 25 24 23 22 21 20 19 18 17 16 

12tH 0-::..2 +-1 NIBBLE" A NIBBLE" B NIBBLE" C 

CS ~ ! 
~C ~ 5 

CE 
6 

CONTROL 
LOGIC 

r---'\ THREE· STATE BUFFERS AND CONTROL 
~L-____________ ~~~~ ____________ ~ 1 

f---l I f_---+--:::-Q VLOGIt 
POWER·UP RESET 12 BITS 15 

L----",...----J ";======-..J. __ .-L _____ ~f-::;-+-=-O DIGITAL 
, I COMMON 

2B 
t-f--~O STS ~ ~--~I~--~ ~------~-----r--------~ST=R~OB=E~------~r-~ 

OSCILLATOR 
SAR 

DIGITAL CHIP 

7 
I A .f'-t.....-:-Q Vee 
I' ' .f 11 -" VEE 

ANALOG CHIP "' 12 BITS 

'-..../ liCOM~ ~ ,.. 10 
V", IN 0-~--+----------+---.. I 

? 10K II 
DAC 

,.. 8 

"("NIBBLE" IS A 4 BIT DIGITAL WORD.) 

ANALOG 
COMMON 
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1 
5K 

10K ~ ~~ 2.5K 

5K 

12 14 13 

) I 

BIP. 20V 10V 
OFF INPUT INPUT 

Ill! 
a: 

OW 
,I­

Oa: 
I-w 
cI:~ 
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Specifications HI-S74A 

(Typical @ + 25°C with Vee = + 15V or + 12V, VLOGIC = +5V, VEE = -15V or -12V unless otherwise specified) 

DC and Transfer Accuracy Specifications 
MOOEL HI-574AJ HI-574AK HI-574AL 
Temperature Range -5 

Resolution (max) 12 12 12 
Linearity Error 

25°C (max) ±1 ±1/2 ±1/2 
O°C to + 75°C (max) ±1 ±1/2 ±1/2 

Differential Linearity Error 
(Maximum resolution for which no missing codes is guaranteed) 
25°C 11 12 12 
Tmin to Tm" 11 12 12 

Unipolar Offset (max) 
(Adjustable to zero) ±2 ±2 ±2 

Bipolar Offset (max) 
(Adjustable to zero) ±10 ±4 ±4 

Full Scale Calibration Error 
25°C (max), with fixed 50 n resistor from 
REF OUT to REF IN (Adjustable to zero) 0.3 0.3 0.3 
Tmin to Tma, 

(No adjustment at +25°C) 0.5 0.4 0.35 
(With adjustment to zero at +25°C) 0.22 0.12 0.05 

Temperature Coefficients 
Guaranteed max change, Tmin to Tma, (Using internal reference) 
Unipolar Offset ±2 ±1 ±1 

(10) (5) (5) 
Bipolar Offset ±2 ±1 ±1 

(10) (5) (5) 
Full Scale Calibration ±9 ±5 ±2 

(45) (25) (10) 

Power Supply Rejection 
Max change in Full Scale Calibration 
+13.5V<Vce<+16.5V or +11.4V<Vcc<+12.6V ±2 ±1 ±1 
+4.5V<VLOGlC< +S.SV ±1/2 ±1/2 ±1/2 
-16.SV<VEE<-13.SV or -12.6V<VEE<-11.4V ±2 ±1 ±1 

Analog Inputs 
Input Ranges 

Bipolar -Sto +S 
-10to +10 

Unipolar o to +10 
o to +20 

Input Impedance 
10 Volt Span SK, ± 2S% 
20 Volt Span 10K, ± 2S% 

Power Supplies 
Operating Voltage Range 

VLOGIC +4.5 to +5.5 
Vcc +ll.4to +16.5 
VEE -11.4to-16.5 

Operating Current 
ILOGIC ?TYP, 15 MAX 
Icc +15V Supply 11 TYP, 15 MAX 
lEE -15V Supply 21 TYP, 28 MAX 

Power Dissipation 
±15V,+5V 515 TYP, 720 MAX 
+12V,+5V 385 TYP 

Internal Reference Voltage, T min to T ma, +10.00 ± 0.5 MAX 
Output current,' 2.0 MAX 

available for external loads (External load 
should not change during conversion). 

... 

1. When supplying an Bxternal load (not including the ADC) and operatmg on ±12V supplies, a buffer amplifier must be provided for the Reference Output. 
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Volts 
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Specifications HI-S74A 

(Typical @ +25°C with Vee = + 15V or + 12V, VlOGle = +5V, VEE = -15V or -12V unless otherwise specified) 

DC and Transfer Accuracy Specifications 

MODEL HI-574AS HI-574AT 
Temperature Range -2, -8 

Resolution (max) 12 12 
Li nearity Error 

25°C (max) ±1 ±1/2 
-SSOC to +125°C (max) ±1 ±1 

Differential Linearity Error 
(Maximum resolution for which no missing codes is guaranteed) 
25°C 11 12 
Tmin to Tmax 11 12 

Unipolar Offset (max) 
(Adjustable to zero) ±2 ±2 

Bipolar Offset (max) 
(Adjustable to zero) ±10 ±4 

Full Scale Calibration Error 
25°C (max), with fixed 50 n resistor from 
REF OUT to REF IN (Adjustable to zero) 0.3 0.3 
Tmin to Tmax 

(No adjustment at +25°C) 0.8 0.6 
(With adjustment to zero at + 25°C) 0.5 0.25 

Temperature Coefficients 
Guaranteed max change, Tmin to Tmax (Using internal reference) 
Unipolar Offset ±2 ±1 

(5) (2.5) 
Bipolar Offset ±4 ±2 

(10) (5) 
Full Scale Calibration ±20 ±10 

(50) (25) 

Power Supply Rejection 
Max change in Full Scale Calibration 
+13.5V<Vee<+16.5V or +11.4V<Vee<+ 12.6V ±2 ±1 
+4.5V<VLOGle< +5.5V ±1/2 ±1/2 
-16.5V<VEE<-13.5Vor -12.6V<VEE<-II.4V ±2 ±1 

Analog Inputs 
I nput Ranges 

Bipolar -5 to +5 
-10 to +10 

Unipolar Oto +10 
o to +20 

Input Impedance 
10 Volt Span 5Kn, ± 25% 
20 Volt Span 10K n, ± 25% 

Power Supplies 
Operating Voltage Range 

VlOGle +4.5 to +5.5 
Vee +11.4to +16.5 
VEE -11.4 to -16.5 

Operating Current 
!LOGIC ?TYP, 15 MAX 
Icc +15V Supply 11 TYP, 15 MAX 
lEE -15V Supply 21 TYP, 28 MAX 

Power Dissipation 
±15V,+5V 515 TYP, 720 MAX 
±12V,+5V 385 TYP 

Internal Reference Voltage, Tmin to Tmax +10.00 ±.05 MAX 
Output current,! 2.0 MAX 

available for external loads (External load 
should not change during conversion). 

.. . --

UNITS 

Bits 

LSB 
LSB 

Bits 
Bits 

LSB 

LSB 

% of F.S. 

% ofF.S. 
% ofF.S. 

LSB 
(ppmrC) 
LSB 
(ppmrC) 
LSB 
(ppmrC) 

LSB 
LSB 
LSB 

Volts 
Volts 
Volts 
Volts 

Ohms 
Ohms 

Volts 
Volts 
Volts 

mA 
mA 
mA 

mW 
mW 

Volts 
mA 

1. When supplymg an external load (not Includmg the ADC) and operatmg on ±12V supplies, a buffer amplifier must be provided tor the Reference Output. 
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HI-574A 

DIGITAL CHARACTERISTICS' 
(ALL MODELS, OVER FULL TEMP. RANGE) 

MIN TYP MAX 
Logic Inputs (CE, CS, RIC, AO, 1218)' 

Logic "1" +2.4V +S.SV 
Logic "0" -O.SV +0.8V 
Current -S/LA ±O.l/LA +S/LA 
Capacitance SpF 

Logic Outputs (DB11-DBO, STS) 
Logic "0" (ISINK - 1. 6mA) +O.4V 
Logic "1" (ISOURCE - SOO/LA) +2.4V 
Leakage (High - Z State, DB11-DBO ONLY) -S/LA ±0.1~ +S/LA 
Capacitance SpF 

1 See "HI-S74A Timing Specifications" for a detailed listing of digital timing parameters. 

2 Although this guaranteed threshold is higher than standard TTL ( +2.0V), bus loading is much less, i.e., typical input current is only 0.25% of a TTL load. 

Absolute Maximum Ratings 
(Specifications apply to all grades, except where noted) 

20VIN to Analog Common ........................... ±24V 
Vccto Digital Common ........................ 0 to +16.SV REF OUT ....................... Indefinite short to common 
VEda Digital Common ........................ 0 to -16.SV Momentary short to Vcc 
VLOGIC to Digital Common ......................... 0 to + 7V Junction Temperature .............................. 175°C 
Analog Common to Qigital Com.!!1on..;.' .................. ±lV Lead Temperature, Soldering ................. 300°C, 10 sec. 
Control Inputs (CE, CS, A., 1218, RIC) to Storage Temperature ..................... -6SoC to +lS0°C 

Digital Common ........ -O.SV to VLOGIC +O.SV 
Analog Inputs (REF IN, BIP OFF, 10VIN) to 

Analog Common .................... ±16.SV 

*Derate 20.BmW/oC above 750 C 

HI-574A Ordering Guide 

LINEARITY ERROR MAX RESOLUTION (NO MISSING FULL SCALE TC 
MODEL TEMP. RANGE (TMIN 10 TMAx) CODES, TMIN 10 TMAX) (PPMI"C MAX) 

HI1-S74AJD-S o to 7SoC ±1 LSB 11 Bits 45.0 
HI1-S74AKD·5 o to 7SoC ±112 LSB 12 Bits 25.0 
HI1-S74ALD·S o to 75°C ±112 LSB 12 Bits 10.0 
HI1-S74ASD-2 -ss to +125°C ±1 LSB 11 Bits SO.O 
HI1-S74ASD-S' -55to +125°C ±1 LSB 11 Bits 50.0 
HI1-S74ATD-2 -55to +125°C ±1 LSB 12 Bits 25.0 
HI1-S74ATD-S' -55 to + 125°C ±1 LSB 12 Bits 25.0 

* The MIL-STD-BB3 data sheet is available on request 

Definitions of Specifications 
LINEARITY ERROR transition of the code width may produce the next upper or lower 
Linearity error refers to the deviation of each individual code from a digital output code. The HI-574AJ and AS grades are guaranteed to 
line drawn from "zero" ti)rough "full scale". The point used as ± 1 LSB max error. For these grades, an analog value which falls 
"zero" occurs V2LSB (1.22mV for 10 volt span) before the first code within a given code width will result in either the correct code for that 
transition (all zeros to only the LSB "on"). "Full scale" is defined as a region or either adjacent one. 
level 1'/2 LSB beyond the last code transition (to all ones). The Note that the linearity error is not user-adjustable. 
deviation of a code from the true straight line is measured from the 

DIFFERENTIAL LINEARITY ERROR middle of each particular code. 
(NO MISSING CODES) 

The HI-574AK, AL, AT, and AU grades are guaranteed for maximum A specification which guarantees no missing codes requires that 
nonlinearity of ±V2LSB. For these grades, this means that an analog every code combination appear in a monotonic increasing sequence 
value which falls exactly in the center of a given code width will result as the analog input level is increased. Thus every code must have a 
in the correct digital output code. Values nearer the upper or lower finite width. For the HI-574AK, AL, AT, and AU grades, which 
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HI-574A 

Definitions of Specifications (Continued) 

guarantee no missing codes to 12-bit resolution, all 4096 codes must 
be present over the entire operating temperature ranges. The 
HI-574AJ and AS grades guarantee no missing codes to 11-bit 
resolution over temperature; this means that all code combinations 
of the upper 11 bits must be present; in practice very few of the 12-bit 
codes are missing. 

UNIPOLAR OFFSET 
The first transition should occur at a level 1f.1LSB above analog 
common. Unipolar offset is defined as the deviation of the actual 
transition from that point. This offset can be adjusted as discussed 
on the following pages. The unipolar offset temperature coefficient 
specifies the maximum change of the transition point over tempera­
ture, with or without external adjustment. 

BIPOLAR OFFSET 
Similarly, in the bipolar mode, the major carry transition (01111111 
1111 to 1000 0000 0000) should occur for an analog value V2LSB 
below analog common. The bipolar offset error and temperature 
coefficient specify the initial deviation and maximum change in the 
error over temperature. 

FULL SCALE CALIBRATION ERROR 
The last transition (from 11111111 1110to 111111111111)shouldoccur 
for an analog value 1 V,LSB below the nominal full scale (9.9963 volts for 
10.000 volts full scale). The full scale calibration error is the deviation of 
the actual level at the lasttransition from the ideal level. This error, which is 
typically 0.05 to 0.1 % of full scale, can be trimmed out as shown in Figures 
2 and 3. The full scale calibration error over temperature is given with and 
without the initial error trimmed out. The temperature coefficients for each 
grade indicate the maximum change in the full scale gain from the initial 
value using the internal 1 0 volt reference. 

Applying the HI-574A 

For each application of this converter, the ground connections, power 
supply bypassing, analog signal source, digital timing and signal 
routing on the circuit board must be optimized to assure maximum 
performance. These areas are reviewed in the following sections, 
along with basic operating modes and calibration requirements. 

PHYSICAL MOUNTING AND LAYOUT CONSIDERATIONS 
Layoul-
Unwanted, parasitic circuit components, (L, R, and C) can make 12 
bit accuracy impossible, even with a perfect NO converter. The best 
policy is to eliminate or minimize these parasitics through proper 
circuit layout, rather than try to quantify their effects. 

The recommended construction is a double-sided printed circuit 
board with a ground plane on the component side. Other techniques, 
such as wire-wrapping or point-to-point wiring on vectorboard, will 
have an unpredictable effect on accuracy. 

In general, sensitive analog signals should be routed between ground 
traces and kept well away from digital lines. If analog and digital lines 
must cross, they should do so at right angles. 

Power Supplies 
Supply voltages to the HI-574A (+ 15V, -15V and + 5V) must be 
"quiet" and. well regulated. Voltage spikes on these lines can affect 
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TEMPERATURE COEFFICIENTS 
The temperature coefficients for full-scale calibration, unipolar 
offset, and bipolar offset specify the maximum change from the 
initial (25°C) value to the value at T min or T max. 

POWER SUPPLY REJECTION 
The standard specifications forthe HI-574A assume use of+5.00 and 
±15.00 or ±12.00 volt supplies. The only effect of power supply 
error on the performance of the device will be a small change in the 
full scale calibration. This will result in a linear change in all lower 
order codes. The specifications show the maximum change in 
calibration from the initial value with the supplies at the various 
limits. 

CODE WIDTH 
A fundamental quantity for NO converter specifications is the code 
width. This is defined as the range of analog input values for which a 
given digital output code will occur. The nominal value of a code 
width is equivalent to 1 least significant bit (LSB) of the full scale 
range or 2.44mV out of 10 volts for a 12-bit AOC. 

QUANTIZATION UNCERTAINTY 
Analog-to-digital converters exhibit an inherent quantization 
uncertainty of ±V2LSB. This uncertainty is a fundamental charac­
teristic of the quantization process and cannot be reduced for a 
converter of given resolution. 

LEFT-JUSTIFIED DATA 
The data format used in the HI-574A is left-justified. This means that 
the data represents the analog input as a fraction of full-scale, 
ranging from 0 to 1~~~ . This implies a binary point to the left of the 
MSB. 

the converter's accuracy, causing several LSB's to flicker when a 
constant input is applied. Digital noise and spikes from a switching 
power supply are especially troublesome. If switching supplies must 
be used, outputs should be carefully filtered to assure "quiet" DC 
voltage at the converter terminals. 

Further, a bypass capacitor pair on each supply voltage terminal is 
necessary to counter the effect of variations in supply current. 
Connect one pair from pin 1 to 15 (VLOGIC supply), one from pin 7 to 9 
(Vcc to Analog Common) and one from pin 11 to 9 (VEE to Analog 
Common). For each capacitor pair, a 1 O,..F tantalum type in parallel 
with a 0.1pJ ceramic type is recommended. 

Ground Connections 
The typical HI-574A ground currents are 5.5mADC into pin 9 (Analog 
Common)and 7mADC out of pin 15 (Digital Common).These pins should be 
tied together at the package to guarantee specified performance for the 
converter. In addition, a wide PC trace should run directly from pin 9 to 
(usually) 15V common, and from pin 15 to (usually) the +5V Logic Common. 
If the converter is located some distance from the system's "single point" 
ground, make only these connections to pins 9 and 15: lie them together at 
the package, and back to the system ground with a single path. This path 
should have low resistance since it will carry about 1.5mA of DC current. 
(Code dependent currents flow in the Vec, VEE and VLOG1C terminals, but not 
through the HI-574A's Analog Common or Digital Common). 
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HI-574A 

ANALOG SIGNAL SOURCE 
The device chosen to drive the HI-S74A analog input will see a 
nominal load of 5KO (1 OV range) or 10m (20V range). However, the 
other end of these input resistors may change ±400mV with each bit 
decision, creating abrupt changes in current at the analog input. 
Thus, the signal source must maintain its output voltage while 
furnishing these step changes in load current, which occur at 1.6J1.S 
intervals. This requires low output impedance and fast settling by the 
signal source. 

The output impedance of an op amp, for example, has an open loop 
value which, in a closed loop, is divided by the loop gain available at a 
frequency of interest. The amplifier should have acceptable loop gain 
at 600KHz for use with the HI-S74A. To check whether the output 
properties of a signal source are suitable, monitor the 574A's input 
(pin 13 or 14) with an oscilloscope while a conversion is in progress. 
Each of the twelve disturbances should subside in one microsecond 
or less. (The comparator decision is made about 1.SJ1.S after each 
code change from the SAR). 

If the application calls for a Sample/Hold to precede the converter, it 
should be noted that not all Sample/Holds are compatible with the 
HI-S74A in the manner described above. These will require an 
additional wideband buffer amplifier to lower their output impedance. 
A simpler solution is to use the Harris HA-5320 Sample/Hold, which 
was designed for use with the HI-574A. 

HI-574A 

12/8 STS 28 

cs HIGH BITS 

24-27 
Ao MIDDLE BITS 

RiC 20-23 
OFFSET 

Rl LOW BITS 
lOOK CE 16-19 

-15V~+15V 

GAIN 

lOOK 10 REF IN 

REF OUT 

1000 
12 BIP OFF +5V 1 

o TO +10V 

ANALOG 
13 10VIN +15V 7 

INPUTS 14 20VIN -15V 11 
o TO +20V 

~ 
ANA COM DIG COM 15 

-= 

FIGURE 2. UNIPOLAR CONNECTIONS 

RANGE CONNECTIONS AND CALIBRATION PROCEDURES 
The HI-574A is a "complete" A/D converter, meaning it is fully 
operational with addition of the power supply voltages, a Start 
Convert signal, and a few external components as shown in Figures 2 
and 3. Nothing more is required for most applications. 

Whether controlled by a processor or operating in the stand-alone 
mode, the HI-574A offers four standard input ranges: OVto + 10V, OV 
to +20V, ±5Vand ±10V. The maximum errors for gain and offset 
are listed under Specifications. If requiTed, however, these errors may 
be adjusted to zero as explained below. Power supply and ground 
connections have been discussed in an earlier section. 

Unipolar Connections and Callbration-
Refer to Fig. 2. The resistors shown" are for calibration of offset and 
gain. If this is not required, replace R2 with a SOO, 1% metal film 
resistor and remove the network on pin 12. Connect pin 12 to pin 9. 
Then, connectthe analog signal to pin 13 for the OV to 10V range, or 
to pin 14 forthe OV to 20V range. Inputs to +20V (SVover the power 
supply) are no problem - the converter operates normally. 

Calibration consists of adjusting the converter's most negative 
output to its ideal value (offset adjustment), then, adjusting the most 
positive outputto its ideal value (gain adjustment). To understand the 
procedure, note that in principle, one is setting the output with 
respect to the midpoint of an increment of analog input, as denoted 
by two adjacent code changes. Nominal value of an increment is one 

HI-574A 

121B STS 28 

cs HIGH BITS 
24-27 

Ao 
MIDDLE BITS 

RIC 20-23 

LOW BITS 
CE 

16-19 
GAIN 

10 REF IN 

REF OUT 

12 BIP OFF 

+5V 1 
±5V 

ANALOG 
13 10VIN +15V 7 

INPUTS 
14 

±10V 
20VIN -15V 11 

~ 
ANA COM DIG COM 15 

-= 

FIGURE 3 BIPOLAR INPUT CONNECTIONS 
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HI-574A 

LSB. However, this approach is impractical because nothing 
"happens" at a midpoint to indicate that an adjustment is complete. 
Therefore, calibration is performed in terms of the observable code 
changes instead of the midpoint between code changes. 

For example, midpoint of the first LSB increment should be 
positioned at the origin, with an output code of all a's. To do this, 
apply an input of + 1/2 LSB (+ 1.22mV for the 10V range; +2.44mV 
for the 20V range). Adjust the Offset potentiometer Rl until the first 
code transition flickers between 0000 0000 0000 and 0000 0000 
0001. 

Next, perform a Gain Adjust at positive full scale. Again, the ideal 
input corresponding to the last code change is applied. This is 1-1/2 
LSB's below the nominal full scale (+9.9963V for 10V range; 
+19.9927V for 20V range). Adjust the Gain potentiometer R2 for 
flicker between codes 1111 1111 1110 and 1111 1111 1111. 

Bipolar Connections and Calibration-
Refer to Figure 3. The gain and offset errors listed under Specifica­
tions may be adjusted to zero using potentiometers Rl and R2*. If 

CONTROLLING THE HI-574A 
The HI-574A includes logic for direct interface to most microproces­
sor systems. The processor may take full control of each conversion, 
or the converter may operate in the "stand-alone" mode, controlled 
only by the RIC input. Full control consists of selecting an 8 or 12 bit 
conversion cycle, initiating the conversion, and reading the output 

INPUT BUFFERS 

READ CONTROL 

All LATCH 

this isn't required, either or both pots may be replaced by a 50n, 1% 
metal film resistor. 

Connect the Analog signal to pin 13 for a ±5V range, orto pin 14 fora 
± 1 OV range. Calibration of offset and gain is similar to that for the 
unipolar ranges as discussed above. First apply a DC input voltage 1/2 
LSB above negative full scale (i.e., -4.9988V for the ±5V range, or 
-9.9976V for the ±10V range). Adjust the offset potentiometer Rl 
for flicker between output codes 0000 0000 0000 and 0000 0000 
0001. Next, apply a DC input voltage 1-1/2 LSB's below positive full 
scale (+4.9963Vfor ±5V range; +9.9927Vfor ± 10V range). Adjust 
the Gain potentiometer R2 for flicker between codes 111111111110 
and 111111111111. 

* The 1 DOn potentiometer R2 provides Gain Adjust for the 10V and 
20Vranges. In some applications, a full scale of 10.24V (LSB equals 
2.5mV) or 20.48V (LSB equals 5.0mV) is more convenient. For 
these, replace R2 by a 50n, 1% metal film resistor. Then, to provide 
Gain Adjustforthe 10.24V range, add a 200n potentiometer in series 
with pin 13. For the 20.48V range, add a 500n potentiometer in 
series with pin 14. 

data when ready - choosing either 12 bits at once or 8 followed by 4, 
in a left-justified format. The five control inputs are all TTUCMOS­
compatible: (12/8, CS, "." RiC and CE). Table 1 illustrates the use of 
these inputs in controlling the converter's operations. Also, a 
simplified schematic of the internal control logic is shown in Figure 4. 

)-t---------+ NIBBLE A, B 

)-_-------+ NIBBLE C 

.>0_-----. STATUS 

STROBE 

CLOCK 

)c>----+ RESET 

FIGURE 4. HI-574A CONTROL LOGIC 
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"Stand-Alone Operation" 

The simplest control in~rface calls for a slngle control line connected 
to Ric. Also, CE and 12/8 are wired high, CS and Ao are wired low, and 
the output data appears in words of 12 bits each. 

The RIC signal may have any duty cycle within (and including) the lxtremes 
shown in Figures 5 and 6. In general, data may be read when RIC is high 
unless STS is also high, indicating a conversion is in progress. liming 
parameters particular to this mode of operation are listed below under 
"Stand-Alone Mode liming." 

P RIC 

~, i 
STS 

tl .. ~ 
0811·080 DATA ) VALID 

~ 
I;::!J 1M, 

< OATAVAUO 

FIGURE 5. LOW PULSE FOR RIC - OUTPUTS ENABLED AFTER CONVERSION 

~, 

Ie 

0811-080 HIGH-Z ~~ ______ H_IG_H-_Z _______ _ 

FIGURE 6. HIGH PULSE FOR RIC-OUTPUTS ENABLED WHILE RIC 

HIGH, OTHERWISE HIGH-Z 

STAND-ALONE MODE TIMING 

SYMBOL PARAMETER MIN TYP MAX 

IHRL Low RIC Pulse Width 50 - -
lOS STS Delay From RIC - - 200 
tHDR Data Valid After RIC Low 25 - -
tHS STS Delay After Data Valid 300 - 1200 
tHRH High RIC Pulse Width 150 - -
lODR Data Access Time - - 150 

. . .. Time IS measured from 50% leval ofdlgllal transitions. Tested with aSOpF and 3kO load . 
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Conversion Length 
A Convert Start transition (see Table 1) latches the state of Ao, which 
determines whether the conversion continues for 12 bits (Ao low) or stops 
with 8 bits (Ao high). If all 12 bits are read following an 8 bit conversion, the 
three LSB's will read zero andDB3 will read ONE.Ao is latched because it is 
also involved in enabling the output buffers (see "Reading the Output Data"). 
No other control inputs are latched. 

CE CS RIC 12/8 AD OPERATION 

0 X X X X None 
X 1 X X X None .. 0 0 X 0 Initiate 12 bit conversion .. 0 0 X 1 Initiate 8 bit conversion 
1 .. 0 X 0 Initiate 12 bit conversion 
1 .. 0 X 1 Initiate 8 bit conversion 
1 0 t X 0 Initiate 12 bit conversion 
1 0 t X 1 Initiate 8 bit conversion 
1 0 1 1 X Enable 12 bit Output 
1 0 1 0 0 Enable 8 MS8's Only 
1 0 1 0 1 Enable 4 LS8's Plus 4 

Trailing Zeroes 

TABLE 1 
Truth Table lor HI-574A Control Inputs. 

Conversion Start 
A conversion may be initiateQ...,as sho~n in Table 1 by a logic transition 
on any of three inputs: CE, CS or RIC. The last of the three to reach 
the correct state starts the conversion, so one, two or all three may be 
dynamically controlled. The nominal delay from each is the same, 
and if necessary, all three may change state simultaneously. To 
assure that a particular input controls the start of conversion, the 
other two should be set up at least 50nS earlier, however. See the 
HI-574A Timing Specifications, Convert mode. 

This variety of HI-574A control modes allows a simple interface in 
most system applications. The Convert Start timing relationships are 
illustrated in Figure 7. 

The output signal STS indicates status of the converter by going high 
only while a conversion is in progress. While STS is high, the output 

-----JI--__ tHEe _ 

~" r----'\f'---'"'\ 

STS ------1r---....J1 
... , I---~--------l 

HIGH IMPEDANCE 
D811-D80 -----+---.;;.;:.=--------

FIGURE 7, CONVERT START TIMING 

buffers remain in a high impedance state and data cannot be read. 
Also, an additional Start Convert will not reset the converter or 
reinitiate a conversion while STS is high. (However, if AD changes 
state after a conversion begins, an additional Start Convert signal will 
latch the new state of AD, possibly causing a wrong cycle length (8 vs 
12 bits) for that conversion). 

Reading the Output Oata 
The output data buffer~remain in a high impedance gate utitil four 
conditions are met: RIC high, STS low, CE high and CS low. At that 
time, data lines become active according to the state of inputs 12/8 
and AD. Tim.1g constraints are illustrated in Figure 8. 

The 12/8 input will be tied high or low in mjlst applications, though it 
is fully TTUCMOS-compatible. With 12/8 high, all 12 output lines 
become active simultaneously, for interface to a 12 or 16 bit data bus. 
The Ao input is ignored. 

With 12/Slow, the output is organized in two 8 bit bytes, selected one at a time 
by Ao. This allows an 8 bit data bus to be connected as shown in Figure 9. Ao is 
usually tied to the least significant bit of the address bus, for storing the 
HI-574A output in two consecutive memory locations. (With Ao low, the 8 
MSB's only are enabled. With Ao high, 4 MSB's are disabled, bits 4 through 7 
are forced to zero, and the 4 LSB's are enabled). This two byte format is 
considered "Ieft justified data", for which a decimal (or binary!) point is 
assumed to the left of byte 1 : 

BYTE 1 BYTE 2 

.1 X X X X X X X xl I X X X X 0 0 0 01 
I I 
MSB LSB 

Further, Ao may be toggled at any time without damage to the 
converter. Break-before-make action is guaranteed between the two 
data bytes, which assures that the outputs strapped together in 
Figure 9 will never be enabled at the same time. 

A read operation usually begins after the conversion is complete and 
STS is low. For earliest access to the data however, the read should 
begin no later than (too + tHS) before STS goes low. See Figure 8. 

CE _____ '1 

"'" 

... 

..... 

0811-080 -----+-!~::::~~=~D"'AN~CE:----.. -' .!2"":;::!......---I---.. 

FIGURE 8. READ CYCLE TIMING 
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Timing Specifications +250 C Unless Otherwise Specified 

Symbol Parameter Min 

Convert Mode 

tosc STS Delay from CE 
tHEC CE Pulse width 50 
tssc CS to CE Setup 50 
tHSC CS_Low during CE High 50 
tsRC RIC to CE Setup 50 
tHRC RIC Low during CE high 50 
tSAC At, to CE Setup 0 
tHAC At, Valid during CE high 50 
te Conversion time, 12 bit cycle T min to T max 15 

8 bit cycle T min to T max 10 

Read Mode 

too Access time from CE 
tHO Data Valid ".!ter CE low 25 
tHL ili!tput float delay 
tsSR CS to CE setup 50 
tSRR RIC to CE setup 0 
tSAR &.. to CE setup 50 
tHSR CS valid after CE low 0 
tHRR RIC high after CE low 0 
tHAR AD valid after CE low 50 
tHS STS delay after data valid 300 

NOTE: Time is measured from 50% level of digital transitions. Tested with a 50pF and 3kl1load. 

( 
) 

A. 
<or 

ADDReSS8US 

STS~ 

\ 

Typ 

20 
13 

75 

100 

1218 DBll (MSB) .-_27_ ..... ___ _ 2 

r 

DIE CHARACTERISTICS 
Transistor Count 
Die Size: Analog 

Digital 

26 

25 

24 

23 

HI-574A 
22 

21 

20 

19 

18 

17 

D80 (LS8) 16 

DIG. 15 
COM. J: 

FIGURE 9 INTERFACE TO AN 8 BIT DATA BUS 

1117 
204 x 104 mils 
158 x 84 mils 

Thermal Constants; 

Process: 
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DADI 
BUS 

Oja 
Ojc 

Max 

200 

25 
17 

150 

150 

1200 

48°C/W 
1soC/W 

Bipolar - 01 and 
CMOS-JI 

Units 

nS 
nS 
nS 
nS 
nS 
nS 
nS 
nS 
,.,.S 
,.,.S 

nS 
nS 
nS 
nS 
nS 
nS 
nS 
nS 
nS 
nS 
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Features 
• Complete 12-Bit AID Converter with Reference and 

Clock 

• Full 8-, 12- or 16-Bit Microprocessor Bus Interface 

• 150ns Bus Access Time 

• No Missing Codes Over Temperature 

• Minimal Set-up Time for Control Signals 

• 15tls Maximum Conversion Time 

• Low Noise, via Current-Mode Signal Transmission 
Between Chips 

• Byte Enable/Short Cycle (Ao Input) 
• Guaranteed Break-Before-Make Action, Eliminating 

Bus Contention During Read Operation. Latched by 
the Start Convert Input (To Set the Conversion 
Length) 

• Faster Version of the HI-574A 

• Same Pinout as the HI-574A 

• ±12V to ±15V Operation 

Applications 
• Military and Industrial Data Acquisition Systems 

• Electronic Test and Scientific Instrumentation 

• Process Control Systems 

Pinout 

HI·674A 
12jJs, Complete 12-Bit AID Converter 

with Microprocessor Interface 

Description 
The HI-674A is a complete 12-bit Analog-to-Digital 
Converter, including a +10V reference, clock, three-state 
outputs and a digital interface for microprocessor control. 
Successive approximation conversion is performed by 
two monolithic dice housed in a 28 pin package. The 
bipolar analog die features the Harris Dielectric Isolation 
process, which provides enhanced AC performance and 
freedom from latch-up. 

Custom design of each IC (bipolar analog and CMOS 
digital) has yielded improved performance over existing 
versions of this converter. The voltage comparator 
features high PSRR plus a high speed current-mode latch, 
and provides precise decisions down to 0.1 LSB of input 
overdrive. More than 2X reduction in noise has been 
achieved by using current instead of voltage for 
transmission of all signals between the analog and digital 
IC's. Also, the clock oscillator is current-controlled for 
excellent stability over temperature. The oscillator is 
trimmed for a nominal conversion time of 12 ± 1tls. 

The HI-674A offers standard unipolar and bipolar input 
ranges, laser trimmed for specified linearity, gain and 
offset accuracy. The buried zener reference circuit is 
trimmed for minimum temperature coefficient. 

Power requirements are +5V and ±12V to ±15V, with typi­
cal dissipation of 385mW at ±12V. All models are available 
in a 28 pin Sidebrazed DIP. For additional Hi-Rei screen­
ing including 160 hour burn-in specify the "-8" suffix. For 
MIL-STD-883 compliant parts, request the HI-674A/883 
data sheet. 

CERAMIC DIP 
TOP VIEW 

+5V SUPPL Y VLOGIC [ 1 28 b STATUS, STS 

DATA MODE SEL 12/iJE 2 27 Q OBll MSB 

CHIP SEL, CS t 3 26 P DB10 
BYTE ADDRISHORT [ 4 

25 bDB9 CYCLE, Au. 
READ/CONVERT, R/tE 5 24 gDB8 

CHIP ENABLE, CE ~ 6 23 ~DB7 DIGITAL 

+15V SUPPL Y, VCC [ 7 HI-S74A 22 PDBS 

+10V REF, REF OUT[ 8 21 bOBS DATA 

ANALOG [ 
9 20 bQB4 COMMON,AC 

REF INPUT, REF IN ~ 10 19 P0B3 OUTPUTS 

-15V SUPPL Y, VEE [ 11 18 P DB2 
BIPOLAR OFFSET [ 12 17 bOB1 BIP OFF 

10V INPUT [ 13 16 b DBO LSB 

20VINPUT [ 14 15 P DIG COMMON, DC 

CAUTION: These devices are sensitive to electrostatic discharge. Proper Ie handling procedures should be followed. 

5-15 



Block Diagram 
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Specifications HI-674A 

(Typical @ +25°C with Vcc = +15V or +12V, VLOGIC = +5V, VEE = --15Vor -12V unless otherwise specified) 

DC and Transfer Accuracy Specifications 

MODEL HI·674AJ HI·674AK HI-674Al I 
Temperature Range -5 
Resolution (max) 

--~----r-----~ ,---
12 12 12 ---

--~---

Linearity Error 
25°C (max) ±1 ±1/2 ±1/2 
DoC to + 75°C (max) ±1 ±1/2 ±1/2 

.-~-------

Differential Linearity Error 
(Maximum resolution for which no missing codes is guaranteed) 
25°C 11 12 12 
Tmm to Tm" 11 12 12 

Unipolar Offset (max) 
(Adjustable to zero) ±2 ±2 ±2 

Bipolar Offset (max) 
(Adjustable to zero) ±10 ±4 ±4 

Full Scale Calibration Error 
25°C (max), with fixed 50 II resistor from 
REF OUT to REF IN (Adjustable to zero) 0.3 0.3 0.3 
Tmin to Tmax 

(No adjustment at +25°C) 0.5 0.4 0.35 
(With adjustment to zero at + 25eC) 0.22 0.12 0.05 

Temperature Coefficients 
Guaranteed max change, Tmln to Tmax (Using internal reference) 
Unipolar Offset ±2 ±1 ±1 

(10) (5) (5) 
Bipolar Offset ±2 ±1 ±1 

(10) (5) (5) 
Full Scale Calibration ±9 ±5 ±2 

(45) (25) (10) 

Power Supply Rejection 
Max change in Full Scale Calibration 
+ 13.5V<Vcc< + 16.5V or + II.4V<Vcc< + 12.6V ±2 ±1 ±1 
+4. 5V<VLOGIC< +5.5V ±1/2 ±1/2 ±1/2 
-16.5V<VEE<--13.5Vor -12.6V<VEE<-II.4V ±2 

. 
±1 ±1 

Analog Inputs 
Input Ranges 

Bipolar -5 to +5 
-10 to +10 

Unipolar o to -rIO 
o to + 20 

Input Impedance 
10 Volt Span 5K, ± 25% 
20 Volt Span 10K, ± 25% 

Power Supplies 
Operating Voltage Range 

VLOGIC +4.5 to +5.5 
Vcc +11.4to +16.5 
VEE -11.4 to -16.5 

Operating Current c------
ILOGIC 7TYP, 15 MAX 
Icc +15VSupply 11 TYP, 15 MAX 
lEE -15V Supply 21 TYP, 28 MAX 

Power Dissipation 
±15V,+5V 515 TYP, 720 MAX 
±12V,+5V 385 TYP 

I nternal Reference Voltage I T mm to T max + 1 0.00 ±.05 MAX 
Output current,' 2.0 MAX 

available for external loads (External load 
should not change during conversion). 

1. When supplying an external/oad (not including the ADC) and operating on ±12V supplies. a buffer amplifier must be provided for the Reference Output 
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Specifications HI-674A 

(Typical @ +2SoC with Vcc = +lSVor +12V, VLOGIC = +SV, VEE = -lSVor -12V unless otherwise specified) 

DC and Transfer Accuracy Specifications 
MODEL HI-674AS HI-674AT 

Temperature Range -2, -8 

Resolution (max) 12 12 
Linearity Error 

2SoC (max) ±1 ±1/2 
-55°C to +125°C (max) ±1 ±1 

Differential Linearity Error 
(Maximum resolution for which no missing codes is guaranteed) 
2SoC ' 11 12 
Tm" to Tmax 11 12 

Unipolar Offset (max) 
(Adjustable to zero) ±2 ±2 

Bipolar Offset (max) 
(Adjustable to zero) ±10 ±4 

Full Scale Calibration Error 
25°C (max), with fixed 50 n resistor from 
REF OUT to REF IN (Adjustable to zero) 0.3 0.3 
Tmtn to Tmax 

(No adjustment at +25°C) 0.8 0.6 
(With adjustment to zero at + 25°C) O.S 0.25 

Temperature Coefficients 
Guaranteed max change, T mtn to T max (Using internal reference) 
Unipolar Offset ±2 ±1 

(S) (2.S) 
Bipolar Offset ±4 ±2 

(10) (5) 
Full Scale Calibration ±20 ±10 

(SO) (25) 

Power Supply Rejection 
Max change in Full Scale Calibration 
+ 13.SV<Vcc<+16.5V or +11.4V<Vcc<+12.6V ±2 ±1 
+4.5V<VLOGIC< +S.5V ±1/2 ±1/2 
-16.SV<VEE< -13.5V or -12.6V<VEE< -ll.4V ±2 ±1 

Analog Inputs 
I nput Ranges 

Bipolar -5 to +5 
-10 to +10 

Unipolar o to +10 
o to +20 

Input Impedance 
10 Volt Span 5K n, ± 25% 
20 Volt Span 10K n, ± 25% 

Power Supplies 
Operating Voltage Range 

VLOGIC +4.5 to +5.S 
Vcc +ll.4to +16.S 
VEE -11.4to-16.S 

Operating Current 
iLoGIC 7 TYP, 15 MAX 
Icc + 15V Supply 11 TYP, 15 MAX 
lEE -15V Supply 21 TYP, 28 MAX 

Power Dissipation 
±15V,+5V 515 TYP, 720 MAX 
±12V,+5V 385 TYP 

I nternal Reference Voltage IT min to T max +10.00 ±.05 MAX 
Output current,! 2.0 MAX 

available for external loads (External load 
should not change during conversion). 

UNITS 

Bits 

LSB 
LSB 

Bits 
Bits 

LSB 

LSB 

% of F.S. 

% ofF.S. 
% ofF.S. 

LSB 
(ppm/oC) 
LSB 
(ppmI'C) 
LSB 
(ppmI'C) 

LSB 
LSB 
LSB 

Volts 
Volts 
Volts 
Volts 

Ohms 
Ohms 

Volts 
Volts 
Volts 

mA 
mA 
mA 

mW 
mW 

Volts 
mA 

1. When supplYing an external load (not including the ADC) and operating on ±12V supplies, a buffer amplifier must be provided for the Reference Output. 
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Digital Specifications' (All Models, Over Full Temperature Range) ! 

MIN TYP MAX 
Logic Inputs (CE, CS, RIC, AD, 12/8)' 

Logic "1" +2.4V +S.SV 
Logic "0" -O.SV +0.8V 
Current -S/JoA ±O.l/JoA +S/JoA 
Capacitance SpF 

Logic Outputs (OB11-0BO, STS) 
Logic "0" (ISINK - 1.6mA) +O.4V 
Logic "1" (ISOURCE - SOO/JoA) +2.4V 
Leakage (High - Z State, OB11-0BO ONLY) -S/JoA ±O.l/JoA +S/JoA 
Capacitance SpF 

1 See "HI-674A Timing Specifications" for a detailed listing of digital timing parameters. 
2 Although this guaranteed threshold is higher than standard TTL (+2.0V), bus loading is much less, i.e., typical input current is only 0.25% of a TTL load. 

Absolute Maximum Ratings 
(Specifications apply to all grades, except where noted) 

20VIN to Analog Common ........................... ±24V 
Vcc to Digital Common ........................ 0 to +16.SV REF OUT ....................... Indefinite short to common 
VEE to Digital Common ........................ 0 to -16.5V Momentary short to Vcc 
VLOGIC to Digital Common ......................... 0 to + 7V Junction Temperature .................... 1750C 
Analog Common to Qigital Com.!!1on...:.. ................... ±1V Lead Temperature, Soldering ................. 300°C, 10 sec. 
Control Inputs (CE, CS, Ao, 1218, RIC) to Storage Temperature ..................... -6SoC to + lS0°C 

Digital Common ........ -O.SV to VLOGIC +O.SV 
Analog Inputs (REF IN, BIP OFF, 10VIN) to 

Analog Common .................... ±16.SV 

HI-674A Ordering Guide 

LiNEARITY ERROR MAX RESOLUTION (NO MISSING FULL SCALE TC 
MODEL TEMP. RANGE (TMIN to TMAX) CODES, TMIN to TMAX) (PPMrC MAX) 

HI1-674AJO-5 o to 7SoC ±1 LSB 11 Bits 45.0 
HI1-674AKD-5 o to 75°C ±1/2 LSB 12 Bits 25.0 
'HI1-674ALO-5 o to 7SoC ±1i2 LSB 12 Bits 10.0 
HI1-674ASO-2 -SSto +12SoC ±1 LSB 11 Bits SO.O 
HI1-674ASD-S' -SS to +125°C ±1 LSB 11 Bits SO.O 
HI1-674ATD-2 -S5 to +12SoC ±1 LSB 12 Bits 2S.0 
HI1-674ATD-S' -SSto +12SoC ±1 LSB 12 Bits 25.0 

.. The MIL~STD·8B3 data sheet is available on request 

Definitions of Specifications 

LINEARITY ERROR transition of the code width may produce the next upper or lower 
Linearity error refers to the deviation of each individual code from a digital output code. The HI-674AJ and AS grades are guaranteed to 
line drawn from "zero" through "full scale". The point used as ± 1 LSB max error. For these grades, an analog value which falls 
"zero" occurs 1hLSB (1.22mV for 10 volt span) before the first code within a gillen code width will result in either the correct code for that 
transition (all zeros to only the LSB "on"). "Full scale" is defined as a region or either adjacent one. 
level l1hLSB beyond the last code transition (to all ones). The Note that the linearity error is not user-adjustable. 
deviation of a code from the true straight line is measured from the 

DIFFERENTIAL LINEARITY ERROR middle of each particular code. 
(NO MISSING CODES) 

The HI-674AK, AL,AT, and AU grades are guaranteed for maximum A specification which guarantees no missing codes requires that 
nonlinearity of ± 1hLSB. For these grades, this means that an analog every code combination appear in a monotonic increasing sequence 
value which falls exactly in the center of a given code width will result as the analog input level is increased. Thus every code must have a 
in the correct digital output code. Values nearer the upper or lower finite width. For the HI-674AK, AL, AT, and AU grades, which 
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Definitions of Specifications (Continued) 

guarantee no missing codes to 12-bit resolution, all 4096 codes must 
be present over the entire operating temperature ranges. The 
HI-674AJ and AS grades guarantee no missing codes to 11-bit 
resolution over temperature; this means that all code combinations 
of the upper 11 bits must be present; in practice very few of the 12-bit 
codes are missing. 

UNIPOLAR OFFSET 
The first transition should occur at a level Y2LSB above analog 
common. Unipolar offset is defined as the deviation of the actual 
transition from that paint. This offset can be adjusted as discussed 
on the following pages. The unipolar offset temperature coefficient 
specifies the maximum change of the transition point over tempera­
ture, with or without external adjustment. 

BIPOLAR OFFSET 
Similarly, in the bipolar mode, the major carry transition (0111 1111 
1111 to 100000000000) should occur for an analog value Y2LSB 
below analog common. The bipolar offset error and temperature 
coefficient specify the initial deviation and maximum change in the 
error over temperature. 

FULL SCALE CALIBRATION ERROR 
The lasttransition (from 111111111110 to 111111111111) should occurfor 
an analog value 1 ';'LSB below the nominal full scale (9.9963 volts for 10.000 
volts full scale). The full scale calibration error is the deviation of the actual 
level at the last transition from the ideal level. This error, which is typically 
0.05 to 0.1% of full scale, can be trimmed out as shown in Figures 2 and 3. 
The full scale calibration error over temperature is given with and without the 
initial error trimmed out. The temperature coefficients for each grade indicate 
the maximum change in the full scale gain from the initial value using the 
internal 1 0 volt reference. 

Applying the HI-674A 

For each application of this converter, the ground connections, power 
supply bypassing, analog signal source, digital timing and signal 
routing on the circuit board must be optimized to assure maximum 
performance. These areas are reviewed in the following sections, 
along with basic operating modes and calibration requirements. 

PHYSICAL MOUNTING AND LAYOUT CONSIDERATIONS 
Layout-
Unwanted, paraSitic circuit components, (L, R, and C) can make 12 
bit accuracy impossible, even with a perfect AID converter. The best 
policy is to eliminate or minimize these parasitics through proper 
circuit layout, rather than try to quantify their effects. 

The recommended construction is a double-sided printed circuit 
board with a ground plane on the component side. Other techniques, 
such as wire-wrapping or point-to-point wiring on vectorboard, will 
have an unpredictable effect on accuracy. 

In general, sensitive analog signals should be routed between ground 
traces and kept well away from digital lines. If analog and digital lines 
must cross, they should do so at right angles. 

Power Supplies 
Supply voltages to the HI-674A (+15V, -15V and +5V) must be 
"quiet" and well.regulated. Voltage spikes on these lines can affect 

TEMPERATURE COEFFICIENTS 
The temperature coefficients for full-scale calibration, unipolar 
offset, and bipolar offset specify the maximum change from the 
initial (25°C) value to the value at T mln or T max. 

POWER SUPPLY REJECTION 
The standard specifications forthe HI-674Aassume use of+5.00 and 
± 15.00 or ± 12.00 volt supplies. The only effect of power supply 
error on the performance of the device will be a small change in the 
full scale calibration. This will result in a linear change in all lower 
order codes. The specifications show the maximum change in 
calibration from the initial value with the supplies at the various 
limits. 

CODE WIDTH 
A fundamental quantity for AID converter specifications is the code 
width. This is defined as the range of analog input values for which a 
given digital output code will occur. The nominal value of a code 
width is equivalent to 1 least significant bit (LSB) of the full scale 
range or 2.44mV out of 10 volts for a 12-bit ADC. 

QUANTIZATIDN UNCERTAINTY 
Analog-to-digital converters exhibit an inherent quantization 
uncertainty of ±Y2LSB. This uncertainty is a fundamental charac­
teristic of the quantization process and cannot be reduced for a 
converter of given resolution. 

LEFT-JUSTIFIED DATA 
The data format used in the HI-674A is left-justified. This means that 
the data represents the analog input as a fraction of full-scale, 
ranging from 0 to :~~i . This implies a binary point to the left of the 
MSB. 

the converter's'accuracy, causing several LSB's to flicker when a 
constant input is applied. Digital noise and spikes from a switching 
power supply are especially troublesome. If switching supplies must 
be used, outputs should be carefully filtered to assure "quiet" DC 
voltage at the converter terminals. 

Further, a bypass capaCitor pair on each supply voltage terminal is 
necessary to counter the effect of variations in supply current. 
Connect one pair from pin 1 to 15 (VLOGIC supply), one from pin 7 to 9 
(Vcc to Analog Common) and one from pin 11 to 9 (VEE to Analog 
Common). For each capacitor pair, a 10/LF tantalum type in parallel 
with a 0.1/LF ceramic type is recommended. 

Ground Connections 
The typical HI-674A ground currents are 6mADC into pin 9 (Analog 
Ground) and 3mADC out of pin 15 (Digital Common). These pins 
should be tied together at the package to guarantee specified 
performance for the converter. In addition, a wide PC trace should 
run directly from pin 9 to (usually) 15V common, and from pin 15 to 
(usually) the +5V Logic Common. If the converter is located some 
distance from the system's "single point" ground, make only these 
connections to pins 9 and 15: Tie them together at the package, and 
back to the system ground with a single path. This path should have 
low resistance since it will carry about 3mA of DC current. (Code 
dependent currents flow in the Vcc, VEE and VLOGIC terminals, but IiOt 
through the HI-674A's Analog Common or Digital Common). 
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ANALOG SIGNAL SOURCE 
The device chosen to drive the HI-674A analog input will see a 
nominal load of 5KO (1 OV range) or 1 OKO (20V range). However, the 
other end of these input resistors may change ±400mV with each bit 
decision, creating abrupt changes in current at the analog input. 
Thus, the signal source must maintain its output voltage while 
furnishing these step changes in load current, which occur at 950 nS 
intervals. This requires low output impedance and fast settling by the 
signal source. 

The output impedance of an op amp, for example, has an open loop value 
which, in a closed loop, is divided by the loop gain available at a frequency of 
interest. The amplifier should have acceptable loop gain at 1 MHz for use with 
the HI-674A. To check whether the output properties of a signal source are 
suitable, monitor the 674A's input (pin 13 or 14) with an oscilloscope while a 
conversion is in progress. Each of the twelve disturbances should subside in 
one half microsecond or less. (The comparator decision is made about 850 
nS after each code change from the SAR). 

If the application calls for a Sample/Hold to precede the converter, it 
should be noted that not all SampleiHolds are compatible with the 
HI-674A in the manner described above. These will require an 
additional wideband buffer amplifier to lower their output impedance. 
A simpler solution is to use the Harris HA-5320 Sample/Hold, which 
was de,.signed for use with the HI-674A. 

HI-674A 

lZJ8 STS 28 

cs HIGH BITS 

Z4-Z7 

Ao MIDDLE BITS 

Ric 
ZO-23 

OFFSET 
Rl LOW BITS 

lOOK CE 16-19 
-15V o-'II'lIv-O +15V 

GAIN 

lOOK 10 REF IN 

REF OUT 

10011 
12 BIP OFF +5V 1 

UTO +10V 

ANALOG 
13 10VIN +15V 7 

INPUTS 14 ZOVIN -15V 11 
o TO +ZOV 

~ 
ANA COM DIG COM 15 

-=-

FIGURE 2. UNIPOLAR CONNECTIONS 
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RANGE CONNECTIONS AND CALIBRATION PROCEDURES 
The HI-674A is a "complete" A/D converter, meaning it is fully 
operational with addition of the power supply voltages, a Start 
Convert signal, and a few external components as shown in Figures 2 
and 3. Nothing more is required for most applications. 

Whether controlled by a processor or operating in the stand-alone 
mode, the HI-674Aoffers four standard input ranges: OV to + 1 OV, OV 
to +20V, ±5Vand ±10V. The maximum errors for gain and offset 
are listed under Specifications. If required,Rowever, these errors may 
be adjusted to zero as explained below. Power supply and ground 
connections have been discussed in an earlier section. 

Unipolar Connections and Calibration-
Refer to Fig. 2. The resistors shown" are for calibration of offset and 
gain. If this is not required, replace R2 with a 500, 1% metal film 
resistor and remove the network on pin 12. Connect pin 12 to pin 9. 
Then, connectthe analog signal to pin 13 forthe OV to 10V range, or 
to pin 14 forthe OV to 20V range. Inputs to +20V (5Vover the power 
supply) are no problem - the converter operates normally. 

Calibration consists of adjusting the converter's most negative 
outputto its ideal value (offset adjustment), then, adjusting the most 
positive output to its ideal value (gain adjustment). To understand the 
procedure, note that in principle, one is setting the output with 
respect to the midpoint of an increment of analog input, as denoted 
by two adjacent code changes. Nominal value of an increment is one 

HI-674A 
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LSB. However, this approach is impractical because nothing 
"happens" at a midpoint to indicate that an adjustment is complete. 
Therefore, calibration is performed in terms of the observable code 
changes instead of the midpoint between code changes. 

For example, midpoint of the first LSB increment should be 
positioned at the origin, with an output code of all D's. To do this, 
apply an input of +1/2 LSB (+ 1.22mV for the 10V range; +2.44mV 
for the 20V range). Adjust the Offset potentiometer R1 until the first 
code transition flickers between 0000 0000 0000 and 0000 0000 
0001. 

Next, perform a Gain Adjust at positive full scale. Again, the ideal 
input corresponding to the last code change is applied. This is 1-1/2 
LSB's below the nominal full scale (+9.9963V for 10V range; 
+19.9927V for 20V range). Adjust the Gain potentiometer R2 for 
flicker between codes 1111 1111 1110 and 1111 1111 1111. 

Bipolar Connections and Calibration-
Refer to Figure 3. The gain and offset errors listed under Specifica­
tions may be adjusted to zero using potentiometers R1 and R2". If 

CONTROLLING THE HI·674A 
The HI-674A includes logic for direct interface to most microproces­
sor systems. The processor may take full control of each conversion, 
or the convert!l,r may operate in the "stand-alone" mode, controlled 
only by the RIC input. Full control consists of selecting an 8 or 12 bit 
conversion cycle, initiating the conversion, and reading the output 

INPUT BUFFERS 

READ CONTROL 

CK 
lir---_o__ 

""LATCH 

EDe13 

this isn't required, either or both pots may be replaced by a 50n, 1% 
metal film resistor. 

Connect the Analog signal to pin 13 for a ±5V range, orto pin 14for a 
±10V range. Calibration of offset and gain is similar to that for the 
unipolar ranges as discussed above. First apply a DC input voltage 112 
LSB above negative full scale (i.e., -4.9988V for the ±5V range, or 
-9.9976V for the ±10V range). Adjustthe offset potentiometer R1 
for flicker between output codes 0000 0000 0000 and 0000 0000 
0001. Next, apply a DC input voltage 1-1/2 LSB's below positive full 
scale (+4.9963Vfor ±5Vrange; +9.9927Vfor ±10Vrange). Adjust 
the Gain potentiometer R2 for flicker between codes 111111111110 
and 111111111111. 

" The 100n potentiometer R2 provides Gain Adjust for the 10V and 
20Vranges. In some applications, a full scale of 10.24V (LSB equals 
2.5mV) or 20.48V (LSB equals 5.0mV) is more convenient. For 
these, replace R2 by a 50n, 1% metal film resistor. Then, to provide 
Gain Adjust for the 10.24V range, add a 200n potentiometer in series 
with pin 13. For the 20.48V range, add a 500n potentiometer in 
series with pin 14. 

data when ready-choosing either 12 bits at once or 8 followed by 4, 
in a left-justified format. The five control inputs are all TTUCMOS­
compatible: (12i8, CS, A., RiC and CE). Table 1 illustrates the use of 
these inputs in controlling the converter's operations. Also, a 
simplified schematic olthe internal control logic is shown in Figure 4. 

}-r---------+ NIBBLEA,B 

}-_-------+ NIBBLEC 

:>0_----,. STATUS 

STROBE 

CLOCK 

}c>----+ RESET 

FIGURE 4. HI·674A CONTROL LOGIC 
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"Stand-Alone Operation" 

The simplest control interface calls for a single control line connected 
to Ric. Also, CE and 12/ii are wired high, CS and Ao are wired low, and 
the output data appears in words of 12 bits each. 

The RIC signal may have any duty cycle within (and including) the extremes 
shown in Figures 5 and 6. In general, data may be read when RIC is high 
unless STS is also high, indicating a conversion is in progress. Timing 
parameters particular to this mode of operation are listed below under 
"Stand-Alone Mode Timing." 

RIC d 
STS 

F--j 
~1 te ~ 

B~ 
DBll·DBO DATA } < DATA VAUD VAUD 

FIGURE 5. LOW PULSE FOR RIC - OUTPUTS ENABLED AFTER CONVERSION 

RlC-H-Io'-~---­
STS 11 '1,----""""1 
~~-" -~-~ te t-

DBll-DBO ___ H...;IG .... H-.... Z _~r.:::='\ HJGH-Z 
~>-.-----....;;;;:;;.;:--------

SYMBOL 

tHRL 
tDS 
tHOR 
tHS 
tHRH 
tDDR 

FIGURE 6. HIGH PULSE FOR RIC-OUTPUTS ENABLED WHILE RIC 

HIGH, OTHERWISE HIGH-Z 

STAND-ALONE MODE TIMING 

PARAMETER MIN TYP MAX 

Low RIC Pulse Width 50 - -
STS Delay From RIC - - 200 
Data Valid After RIC Low 25 - -
STS Delay After Data Valid 25 - 850 
High RIC Pulse Width 150 - -
Data Access Time - - 150 

Time is measured from 50% level of digital transitions. Tested with a 50pF and 3kO load. 
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Conversion Length 
A Convert Start transition (see Table 1) latches the state of ftv.J, which 
determines whether the conversion continues for 12 bits (ftv.J low) or stops 
with 8 bits (ftv.J high). If all 12 bits are read following an 8 bit conversion, the 
three LSB'swili read zero andOB3will read ONE. ftv.J is latched because it is 
also involved in enabling the output buffers (see "Reading the Output Data"). 
No other control inputs are latched. 

CE CS RIC 1218 A. OPERATION 

0 X X X X None 
X 1 X X X None • 0 0 X 0 Initiate 12 bit conversion • 0 0 X 1 Initiate 8 bit conversion 
1 + 0 X 0 Initiate 12 bit conversion 
1 + 0 X 1 Initiate 8 bit conversion 
1 0 • X 0 Initiate 12 bit conversion 
1 0 • X 1 Initiate 8 bit conversion 
1 0 1 1 X Enable 12 bit Output 
1 0 1 0 0 Enable 8 MSB's Only 
1 0 1 0 1 Enable 4 LSB's Plus 4 

Trailing Zeroes 

TABLE 1 
Truth Table for HI-674A Control Inputs. 

Conversion Start 
A conversion may be initiate!!..as sho,!!n in Table 1 by a logic transition 
on any of three inputs: CE, CS or RIC. The last of the three to reach 
the correct state starts the conversion, so one, two or all three may be 
dynamically controlled. The nominal delay from each is the same, 
and if necessary, all three may change state simultaneously. To 
assure that a particular input controls the start of conversion, the 
other two should be set up at least 50nS earlier, however. See the 
HI-674A Timing Specifications, Convert mode. 

This variety of HI-674A control modes allows a simple interface in 
most system applications. The Convert Start timing relationships are 
illustrated in Figure 7. 

The output signal STS indicates status of the converter by gOing high 
only while a conversion is in progress. While STS is high, the output 

~ ________ J~--__ --

Iq, 

... 

... 
ITS ------I--.J 

Dl11~ __________ -1-__ ....:.:;HIG:;;H~IM;;;PE:.:DAII;;;~::... ____________ _ 

FIGURE 7. CONVERT StART TIMING 

buffers remain in a high impedance state and data cannot be read. 
Also, an additional Start Convert will not reset the converter or 
reinitiate a conversion while STS is high. (However, if A. changes 
state after a conversion begins, an additional Start Convert signal will 
latch the new state of A., possibly causing a wrong cycle length (8 vs 
12 bits) for that conversion). 

Reading the Output Data 
The output data buffers remain in a high impedance state until four 
conditions are met: RIC high, STS low, CE high and TIS low. At that 
time, data lines become active according to the state of inputs 12/8 
and A •. Timing constraints are illustrated in Figure 8. 

The 12/8 input will be tied high or low in mjJst applications, though it 
is fully TTL/CMOS-compatible. With 12/8 high, all 12 output lines 
become active simultaneously, for interface to a 12 or 16 bit data bus . 
The A. input is ignored . 

With 12/8Tow, the output is organized in two 8 bit bytes, selected one at a time 
by ftv.J. This allows an 8 bit data bus to be connected as shown in Figure 9. ftv.J is 
usually tied to the least significant bit of the address bus, for storing the 
HI-674A output in two consecutive memory locations. (With ftv.J low, the 8 
MSB's only are enabled. With ftv.J high, 4 MSB's are disabled, bits 4 through 7 
are forced to zero, and the 4 LSB's are enabled). This two byte format is 
considered "left justified data", for which a decimal (or binary!) point is 
assumed to the left of byte 1 : 

BYTE 1 BYTE 2 

.1 X X X X X X X xlix X X X 0 0 0 01 
I 1 
MSB LSB 

Further, A. may be toggled at any time without damage to the 
converter. Break-before-make action is guaranteed between the two 
data bytes, which assures that the outputs strapped together in 
Figure 9 will never be enabled at the same time. 

A read operation usually begins after the conversion is complete and 
STS is low. For earliest access to the data however, the read should 
begin no later than (tDD + tHS) before STS goes low. See Figure 8. 

CE _________ .11 

0 .. 

..., 
~~ -------~~+----------------+--I 

.. 
,", 

STS 

DBll-DBO ----------+-'===:------~ 

FIGURE 8. READ CYCLE TIMING 
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Timing Specifications +2S0 C Unless Otherwise Specified 

Symbol Parameter Min Typ 
Convert Mode 

tosc STS Oelay from CE 
tHEC CE Pulse width 50 
Issc CS to CE Setup 50 
tHsc CS_Low during CE High 50 
IsRC RI~ to CE Setup 50 
tHRC RIC Low during CE high 50 
IsAC At, to CE Setup a 
tHAC At, Valid during CE high 50 
Ie Conversion time, 12 bit cycle T min to T max 9 12 

8 bit cycle T min to T max 6 8 
Read Mode 
toD Access time from CE 75 
tHD Oata Valid after CE low 25 
tHl QJ!tput float delay 100 
IsSR CS_to CE setup 50 
IsRR RIC to CE setup a 
IsAR &to CE setup 50 
tHSR CS valid after CE low a 
tHRR RIC high after CE low a 
tHAR At, valid after CE low 50 
tHs STS delay after data valid 25 

NOTE: Time is measured from 50% level of digital transitions. Tested with a 50pF and 3kO load. 

A. ADDRESS BUS \ ~-

STS ~ 

1218 oB11 (MSB) t-...:.27~-+ ___ _ 2 

* 

Die Characteristics 

Transistor Count 
Die Size; Analog 
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26 

4 A, 25 

24 

23 
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FIGURE 9. INTERFACE TO AN 8 BIT DATA BUS 
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Features 

• Complete 12 Bit AID Converter With Reference and 
Clock 

• Digital Error Correction 

• Full 8-, 12-, or 16-Bit Microprocessor Bus Interface 

• 150ns Bus Access Time 

• No Missing Codes Over Temperature 

• Minimal Setup Time For Control Signals 

• 9iJs Maximum Conversion Time Over Temperature 

• Low Noise, Via Current-Mode Signal Transmission 
between Chips 

• Byte Enable/Short Cycle (Ao Input) 
~ Guarantees break-before-make action, eliminating 

bus contention during read operation. Latched by 
the Start Convert Input (To Set the Conversion 
Length) 

• Faster Version of the HI-574A and HI-674A 

• Same Pinout as HI-574A and HI-674A 

• ±12V to ±15V Operation 

Applications 

• Industrial Data Acquisition Systems 

• Electronics Test and Scientific Instrumentation 

• Process Control Systems 

Pinout 

HI· 774 
8ps, Complete 12-Bit AID Converter 

With Microprocessor Interface 

Description 

The HI-774 is a complete 12 bit Analog-to-Digital Conver­
ter, including a +10V reference clock, three-state outputs 
and a digital interface for microprocessor control. 
Successive approximation conversion is performed by 
two monolithic dice housed in a 28-pin package. The 
bipolar analog die features the Harris Dielectric Isolation 
process, whch provides enhanced AC performance and 
freedom from latch-up. The digital die features the Smart 
SAR (SSAR'"), which includes a digital error correction 
circuit. 

Custom design of each IC (bipolar and CMOS digital) has 
yielded improved performance over existing versions of 
this converter. The voltage comparator features high 
PSRR plus a high speed current-mode latch, and provides 
precise decisions down to 0.1 LSB of input overdrive. 
More than 2X reduction in noise has been achieved by 
using current instead of voltage for transmission of all sig­
nals between the analog and digital IC's. Also, the clock 
oscillator is current controlled for excellent stability over 
temperature. 

The HI-774 offers standard unipolar and bipolar input 
ranges, laser trimmed for specified linearity, gain and off­
set accuracy. The low noise buried zener reference circuit 
is trimmed for minimum temperature coefficient. 

Power requirements are +5V and ±12V to ±15V, with 
typical dissipation of 390mW at ±12V. All models are 
packaged in a 28 pin Ceramic Sidebrazed DIP. 

SIDEBRAZE DIP 
TOP VIEW 

+5V SUPPLY, VLOGIC[ 1 

DATA MODE SELECT,12/S[ 2 

CHIP SELECT, es[ 3 

BYTE AOORISHORT CYCLE, AO[ 4 

REA~/CONVERT, R/C[ 5 

CHIP ENABLE, CE[ 6 

+12V/+15V SUPPLY, VCC[ 7 

+ I OV REFERENCE OUT[ 8 

ANALOG COMMONt 9 

REFERENCE INPUT [ 10 

-12V/-15V SUPPLY, VEE[ 11 

BIPOLAR OFFSEl; BIP OFF[ 12 

10V INPUT[ 13 

20V INPUT[ 14 

HI-774 

28 PSTATUS, STS 

27 POB11 MSB 

26 POB10 

25 POB9 

24POB8 

23 JOB7 

22 JOB6 DIGITAL 

21 JOB5 DATA 

20 JOB4 OUTPUTS 

19 JOB3 

18 JOB2 

17 JOBI 

16 fJOBO LSB 

15 POIGITAL COMMON 

CAUTION: These devices are sensitive to electronic discharge. Proper I.C. handling procedures should be followed. 
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Block Diagram 

BIT OUTPUTS 

~==~--------------'~,--------------------~ ( MSB LSB, 
( c q () 0 0 q q 

27 26 25 24 23 22 21 20 19 18 17 16 

1218 ~ 2 
NIBBLE" A NIBBLE" B NIBBLE" C 

CS 3 

A. 4 CONTROL f-----'\ THREE-STATE BUFFERS AND CONTROL 
RIC 

'-' 5 LOGIC f----v' 
6 

~2BI~ f-
1 

CE VlOGIC 

f- 15 -" DIGITAL 

t 
~ 

COMMON 

28 

~ SSAR™ STS 
OSCILLATOR 

I STROBE 
DIGITAL CHIP 

7 
I A .f'--f-:-:--o Vee 
V, 11 - VEE 

ANALOG CHIP .... 12 BITS 

v." IN 
~ 10 
~ 

~ 8 
V ... OUT 

I 

+10V I REF. 

I 

-("NIBBLE" IS A 4 BIT DIGITAL WORD.) 

Die Characteristics 

.............. / 
I 

10K I 
I 

t+Ll' 
ANALOG 
COMMON 

Transistor Count ........ _ ..... _ .............. _ ........ _ ....... _ ............. 2117 
Die Dimensions 

Analog ..................... _ .................................. 204 x 104 mils 
Digital ........................................................... 200 x 82 mils 

Process ........................................ Bipolar-DI and CMOS-JI 
Thermal Constants (OC/W) /lja /ljc 

47 14 

5-27 

DAC ~OM~ 
1 

5K 

10K 2.SK 

5K 

12 14 13 

C) 

BIP. 20V 10V 
OFF INPUT INPUT 



Specifications HI-774 

DC and Transfer Accuracy Specifications 
(TA ; +250 e with Vee; +15V or +12V, VLOGle ; +5V, VEE; -15V or -12V unless otherwise specified) 

MODEL HI-774J HI-774K UNITS 

Temperature Range -5 

Resolution (max) 12 12 Bits 

Linearity Error 
250 C (max) ±1 ±1/2 LSB 
DoC to +750 C (max) ±1 ±1/2 LSB 

Differential Linearity Error 
(Maximum resolution for which no missing codes is guaranteed) 
250 C 11 12 Bits 
Tmin to Tmax 11 12 Bits 

Unipolar Offset (max) 
(Adjustable to zero) ±2 ±2 LSB 

Bipolar Offset (max) 
(Adjustable to zero) ±10 :;1:4 LSB 

Full Scale Calibration Error 
250 C (max), with fixed 500 resistor from 
REF OUT to REF IN (Adjustable to zero) 0.3 0.3 %of F.S. 

Tmin to Tmax 
(No adjustmeat at +250 C) 0.5 0.4 %of F.S. 

(With adjustment to zero at +250 C) 0.22 0.12 %of F.S. 

Temperature Coefficients (see definitions) 
Guaranteed max change, Tmin to Tmax (Using internal reference) 
Unipolar Offset ±2 ±1 LSB 
Bipolar Offset ±2 ±1 LSB 
Full Scale Calibration ±9 ±5 LSB 

Power Supply Rejection 
Max change in Full Scale Calibration 
+13.5V<VCC<+16.5V or +11.4V<VCC<+12.6V ±2 ±1 LSB 
+4.5V<VLOGIC<+5.5V ±1/2 ±112 LSB 
-16.5V<VEE<-13.5 or -12.6<VEE<-11.4V ±2 ±1 LSB 

Analog Inputs 
Input Ranges 

Bipolar -5 to +5 Volts 
-10 to +10 Volts 

Unipolar o to +10 Volts 
o to +10 Volts 

Input Impedance 
10 Volt Span 5K, ± 25% Ohms 
20 Volt Span 10K, ± 25% Ohms 

Power Supplies 
Operating Voltage Range 
VLOGIC +4.5 to +5.5 Volts 
Vce +11.4 to +16.!;i Volts 
VEE -11.4 to -16.5 Volts 

Operating Current 
ILOGIC 8 TYP, 17 MAX mA 
ICC +15V Supply 11 TYP, 15 MAX mA 
lEE -15V Supply 21 TYP, 28 MAX mA 

Power Dissipation ±15V, +5V Supplies 520 TYP, 730 MAX mW 
±12\!, +5V ~es 390 TYP mW 

Internal Reference Voltage,Tmin to Tmax + 1 0.00 ±0.05 MAX Volts 
Output current, <D 2.0 MAX mA 

available for external loads (External load 
should not change during conversion). 

@ When supplying an external load and operating on ±12V supplies, a buffer amplifier must be provided for the Reference Output. 
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DC and Transfer Accuracy Specifications 
(TA = +250 e with Vee = +15V or +12V, VLOGle = +5V, VEE = -15V or -12V unless otherwise specified) 

MODEL HI-774S HI-774T UNITS 

Temperature Range -2 

Resolution (max) 12 12 Bits 

Linearity Error 
250 C (max) ±1 ±1/2 LSB 
-550 C to +1250 C (Max) ±1 +1 LSB 

Differential Linearity Error 
(Maximum resolution for which no missing codes is guaranteed) 
250 C 11 12 Bits 
Tmin to Tmax 11 12 Bits 

Unipolar Offset (max) 
(Adjustable to zero) ±2 ±2 LSB 

Bipolar Offset (max) 
(Adjustable to zero) ±10 ±4 LSB 

Full Scale Calibration Error 
250 C (max), with fixed 50n resistor from 
REF OUT to REF IN (Adjustable to zero) 0.3 0.3 %of F.S. 

Tmin to Tmax 
(No adjustmeat at +250 C) 0.8 0.6 %of F.S. 

(With adjustment to zero at +250 C) 0.5 0.25 %of F.S. 

Temperature Coefficients (see definitions) 
Guaranteed max change, Tmin to Tmax (Using internal reference) 
Unipolar Offset ±2 ±1 LSB 
Bipolar Offset ±4 ±2 LSB 
Full Scale Calibration ±20 ±10 LSB 

Power Supply Rejection 
Max change in Full Scale Calibration 
+13.5V<VCC<+16.5V or +11.4V<VCC<+12.6V ±2 ±1 LSB 
+4.5V<VLOGIC<+5.5V ±1/2 ±1/2 LSB 
-16.5V<VEE<-13.5 or -12.6<VEE<-11.4V ±2 ±1 LSB 

Analog Inputs 
Input Ranges 

Bipolar -5 to +5 Volts 
-10 to +10 Volts 

Unipolar o to +10 Volts 
o to +10 Volts 

Input Impedance 
10 Volt Span 5K, ± 25% Ohms 
20 Volt Span 10K, ± 25% Ohms 

Power Supplies 
Operating Voltage Range 

VLOGIC +4.5 to +5.5 Volts 
VCC +11.4 to +16.5 Volts 
VEE -11.4 to -16.5 Volts 

Operating Current 

ILOGIC 8 TYP, 17 MAX mA 
ICC +15V Supply 11 TYP, 15 MAX mA 
lEE -15V Supply 21 TYP, 28 MAX mA 

Power Dissipation ±15V, +5V Supplies 520 TYP, 730 MAX mW 
±12V, +5V Supplies 390 TYP mW 

Internal Reference Voltage, T min to T max +10.00 ± .05 MAX Volts 
Output current, CD 2.0 MAX mA 

available for external loads (External load 
should not change during conversion). 

CD When supplying an external load and operating on ±12V supplies. a buffer amplifier must be provided for the Reference Output. 
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Digital Specifications (All Models, Over Full Temperature Range) 

MIN TYP MAX 

Logic Inputs (CE, CS, RIC, Ao, 12,iii) 
Logic "1" +2.0V +S.SV 
Logic "0" -0.5V +O.BV 
Current 0.1,uA +S,uA 
Capacitance SpF 

Logic Outputs (DB11-DBO, STS) 
Logic "0" (lSINK - 1.6mA) +O.4V 
Logic "1" (lSOURCE - SOO,uA) +2.4V 
Logic "1" (ISOURCE - 10,uA) +4.SV 

Leakage (High Z State, DB11-DBO only) ±0.1,uA '!.S,uA 
Capacitance SpF 

HI-774 Timing Specifications (+250C Unless Otherwise Specified) Into a load with RL = 3kO and CL = 50pF 

SYMBOL PARAMETER MIN TYP MAX UNITS 

CONVERT MODE 

!DSC STS Delay From CE - 100 200 ns 
tHEC CE Pulse Width 50 30 - ns 
tSSC cs to CE Setup 50 20 - ns 
tHSC CS Low During CE High 50 20 - ns 
tSRC RIC to CE Setup 50 0 - ns 
tHRC RIC Low During CE High 50 20 - ns 
tSAC Ao to CE Setup a a - ns 
tHAC Ao Valid During CE High 50 30 - ns 

tc Conversion time, 12 bit Cycle Tmin to Tmax (-5) - 8.0 9 ~s 

8 bit Cycle Tmin to Tmax (-5) - 6.4 6.8 ~s 

12 bit Cycle Tmin to Tmax (-2) - 9 11 ~s 

8 bit Cycle Tmin to Tmax (-2) - 6.8 8.3 ~s 

READ MODE 

!DO Access Time From CE - 75 150 ns 
tHO Data Valid After CE Low 25 35 - ns 
tHL Output Float Delay - 70 150 ns 
tSSR CS to CE Setup 50 0 - ns 
tSRR RIC to CE Setup 0 a - ns 
tSAR Ao to CE Setup 50 25 - ns 
tHSR CS Valid After CE Low a a - ns 
tHRR RIC High After CE Low a 0 - ns 
tHAR Ao Valid After CE Low 50 25 - ns 
tHS STS Delay After Data Valid - 90 300 ns 

NOTE: Time is measured from 50% level of digital transitions, except High Z output conditions which are measured at the 10% or 
90% point. 

Absolute Maximum Ratings (Specifications apply to all grades, except where noted) 

VCC to Digital Common ................................ a to +16.5V REF OUT ............................. Indefinite short to common 
VEE to Digital Common .................................. a to -16.SV Momentary short to VCC 
VLOGIC to Digital Common .............................. a to +7V Junction Temperature ........................................... +17SoC 
Analog Common to Digital Common ....................... ±1V 
Control Inputs (CE, CS, Ao, 12/8, RIC) to 

Lead Temperature, Soldering .................. 3000 C, 10 sec. 
Storage Temperature ........................... -6SoC to +1S00 C 

Digital Common ..................... -0.5V to VLOGIC +0.5V 
Analog Inputs (REF IN, BIP OFF, 10VIN) to 

Analog Common ............................................... ±16.SV 
20VIN to Analog Common ....................................... ±24V 
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Definitions of Specifications 

Linearity Error 

Linearity error refers to the deviation of each individual 
code from a line drawn from "zero" through "full scale". 
The point used as "zero occurs %LSB (1.22mV for 10volt 
span) before the first code transition (all zeros to only the 
LSB "on"). "Full scale" is defined asa level 1 V,LSB beyond 
the last code transition (to all ones). The deviation of a 
code from the true straight line is measured from the 
middle of each particular code. 

The HI-774K and L, grades are guaranteed for maximum 
nonlinearity of ±V,LSB. For these grades, this means that 
an analog value which falls exactly in the center of a given 
code width will result in the correct digital output code. 
Values nearer the upper or lower transition 'of the code 
width may produce the next upper or lower digital output 
code. The HI-774J grade is guaranteed to ±1 LSB max 
error. For this grade, an analog value which falls within a 
given code width will result in either the correct code for 
that region or either adjacent one. 

Note that the linearity error is not user-adjustable. 

Differential Linearity Error (No Missing Codes) 

A specification which guarantees no missing codes 
requires that every combination appear in a monotonic 
increasing sequence as the analog input level is 
increased. Thus every code must have a finite width. For 
the HI-774 K and L grades which guarantee no missing 
codes to 12-bit resolution, all 4096 codes must be present 
over the entire operating temerature ranges. The HI-774J 
grade guarantees no missing codes to 11-bit resolution 
over temperature; this means that all code combinations 
of the upper 11 bits must be present; in practice very few 
of the 12-bit codes are missing. 

Unipolar Offset 

The first transition should occur at a level %LSB above 
analog common. Unipolar offset is defined as the 
deviation of the actual transition from that point. This 
offset can be adjusted as discussed on the following 
pages. The unipolar offset temperature coefficient 
specifies the maximum change of the transition point over 
temperature, with or without external adjustment. 

Bipolar Offset 

Similarly, in the bipolar mode, the major carry transition 
(0111 1111 1111 to 1000 0000 0000) should occur for an 
analog value %LSB below analog common. The bipolar 
offset error and temperature coefficient specify the initial 
deviation and maximum change in the error over 
temperature. 

Full Scale Calibration Error 

The last transition (from 1111 1111 1110 to 1111 1111 
1111) should occur for an analog value 1 V,LSB below the 
nominal full scale (9.9963 volts for 10.000 volts full scale). 
The full scale calibration error is the deviation of the 
actual level at the last transition from the ideal level. This 
error, which is typically 0.05 to 0.1% of full scale, can be 
trimmed out as shown in Figures 2 and 3. The full scale 
calibration error over temperature is given with and 
without the initial error trimmed out. The temperature 
coefficients for each grade indicate the maximum change 
in the full scale gain from the initial value using the 
internal 10 volt reference. 

Temperature Coefficients 

The temperature coefficients for full-scale calibration, 
unipolar offset, and bipolar offset specify the maximum 
change from the initial (250 C) value to the value at Tmin 
or Tmax. 

Power Supply Rejection 

The standard specifications for the HI-774 assume use of 
+5.00 and ±15.00 or ±12.00 volt supplies. The only effect 
of power supply error on the performance of the device 
will be a small change in the full scale calibration. This will 
result in a linear change in all lower order codes. The 
specifications show the maximum change in calibration 
from the initial value with the suppliesat the various limits. 

Code Width 

A fundamental quantity for AID converter specifications 
is the code width. This is defined as the range of analog 
input values for which a given digital output code will 
occur. The nominal value of a code width is equivalent to 1 
least significant bit (LSB) of the full scale range or 2.44mV 
out of 10 volts for a 12-bit ADC. 

Quantization Uncertainty 

Analog-to-digital converters exhibit an inherent quanti­
zation uncertainty of ±%LSB. This uncertainty is a 
fundamental characteristic of the quantization process 
and cannot be reduced for a converter of given resolution. 

Left-Justified Data 

The data format used in the HI-774 is left-justified. This 
means that the data represents the analog input as a frac­
tion of full-scale, ranging from 0 to ~ . This implies a 
binary pOint to the left of the MSB. 4096 
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Applying the HI-774 

For each application of this converter, the ground con­
nections, power supply bypassing, analog signal source, 
digital timing and signal routing on the circuit board must 
be optimized to assure maximum performance. These 
areas are reviewed in the following sections, along with 
basic operating modes and calibration requirements. 

PHYSICAL MOUNTING AND LAYOUT 
CONSIDERATIONS 

Layoul-

Unwanted, parasitic circuit components, (L, R, and C) can 
make 12 bit accuracy impossible, even with a perfect AID 
converter. The best policy is to eliminate or minimize 
these parasitics through proper circuit layout, rather than 
try to quantify thei r effects. 

The recommended construction is a double-sided printed 
circuit board with a ground plane on the component side. 
Other techniques, such as wire-wrapping or point-to­
point wiring on vectorboard, will have an unpredictable 
effect on accuracy. 

In general, sensitive analog signals should be routed 
between ground traces and kept well away from digital 
lines. If analog and digital lines must cross, they should do 
so at right angles. 

Power Supplies 

Supply voltages to the HI-774 (+15V, -15V and +5V) must 
be "quiet" and well regulated. Voltage spikes on these 
lines can affect the converter's accuracy, causing several 
LSB's to flicker when a constant input is applied. Digital 
noise and spikes from a switching power supply are espe­
cially troublesome. If switching supplies must be used, 
outputs should be carefully filtered to assure "quiet" DC 
voltage at the converter terminals. 

Further, a bypass capacitor pair on each supply voltage 
terminal is necessary to counter the effect of variations in 
supply current. Connect one pair from pin 1 to 15 (VLOGIC 
supply). one from pin 7 to 9 (VCC to Analog Common) and 
one from pin 11 to 9 (VEE to Analog Common). For each 
capacitor pair, a 10tlF tantalum type in parallel with a 0.1tlF 
ceramic type is recommended. 

Ground Connections 

The typical HI-774 ground currents are 6mADC into pin 9 
(Analog Common) and 3mADC out of pin 15 (Digital 
Common). These pins should be tied together at the 
package to guarantee specified performance for the 
converter. In addition, a wide PC trace should run directly 

from pin 9 to (usually) 15V common, and from pin 15 to 
(usually) the +5V Logic Common. If the converter is 
located some distance from the system's "single point" 
ground, make only these connections to pins 9 and 15: Tie 
them together at the package, and back to the system 
ground with a single path. This path should have low 
resistance since it will carry about 3mA of DC current. 
(Code dependent currents flow in the VCC, VEE and 
VLOGIC terminals, but not through the HI-774's Analog 
Common or Digital Common). 

ANALOG SIGNAL SOURCE 

The device driving the HI-774 analog input will see a 
nominal load of 5K!} (10V range) or 10K!} (20V range). 
However, the other end of these input resistors may 
change as much as ±400mV with each bit decision. These 
input disturbances are caused by the internal DAC 
changing codes which causes a glitch on the summing 
junction. This creates abrupt changes in current at the 
analog input causing a "kick back" glitch from the input. 
Because the algorithm starts with the MSB, the first 
glitches will be the largest and get smaller as the 
conversion proceeds. These glitches can occur at 350ns 
intervals so an op-amp with a low output impedance and 
fast settling is desirable. Ultimately, the input must settle 
to within the window of figure 1 at the bit decision pOints 
in order to achieve 12 bit accuracy. 

The HI-774 differs from the most high-speed successive 
approximation type ADC's in that it does not require a 
high performance buffer or sample and hold. With error 
correction the input can settle while the conversion is 
underway, but only during the first 4.8i.ts. The input must 
be within ±0.76% of the final value when the MSB decision 
is made. This occurs approximately 650ns after the 
conversion has been initiated. Digital error correction 
also loosens the bandwidth requirements of the buffer or 
sample and hold. As long as the input "kick back" 
disturbances settle within the window of figure 1 the 
device will remain accurate. The combine!:! effect of 
settling and the "kick back' disturbances must remain in 
the figure 1 window. 

If the design is being optimized for speed, the input device 
should have a closed loop bandwidth to 3MHz, and a low 
output impedance (calculated by dividing the open loop 
output resistance by the open loop gain). If the 
application requires a high speed sample and hold the 
Harris HA-5330 or HA-5320 are recommended. 

In any design the input (pin 13 or 14) should be checked 
during a conversion to make sure that the input stays 
within the correctable window of figure 1. 

5-32 



HI-774 

DIGITAL ERROR CORRECTION 

The HI-774 features the smart sucessive approximation 
register (SSAR'") which includes digital error correction. 
This has the advantage of allowing the initial input to vary 
within a +31 to -32LSB window about the final value. The 
input can move during the first 4.8ps, after which it must 
remain stable within ±V,LSB. With this feature a conver­
sion can start before the input has settled completely; 
however, it must be within the window as described in 
Figure 1. 

The conversion cycle starts by making the first 8-bit 
decisions very quickly, allowing the internal DAC to settle 
only to 8-bit accuracy. Then the converter goes through 
two error correction cycles. At this point the input must be 
stable within ±1j,LSB. These cycles correct the 8-bit word 
to 12-bit accuracy for any errors made (up to +16 or -32 
bits). This is up one count or down two counts at 8-bit 

" 

16 

resolution. The converter then continues to make the 
4LSB decisions, settling out to 12-bit accuracy. The last 
four bits can adjust the code in the positive direction by up 
to 15 bits. This results in a total correction range of +31 to 
-32 bits. When an 8-bit conversion is performed, the input 
must settle to within ±V,LSB at 8 bit resolution (which 
equals ±8 bits at 12-bit resolution). 

With the HI-774 a conversion can be initiated before the 
input has completely settled, as long as it meets the 
constraints of the Figure 1 window. This allows the user to 
start conversion up to 4.8Jls earlier than with a typical 
analog to digital converter. A typical successive 
approximation type ADC must have a constant input 
during a conversion because once a bit decision is made it 
is locked in and cannot change. 

BIT DECISION POINTS 

ALLOWABLE INPUT CHANGE 
(LSB's AT 12 BIT RESOLUTION) 

1\ ... 
-8 

-16 

-31 

CONVERSION INITIATED TIMEljJs) 

, 
ENDOF 
CONVERSION 
(12 BITI 

FIGURE 1. HI-774 ERROR CORRECTION WINDOW VS. TIME 

HI-774 HI-774. 

1218 STS 28 12/8 STS 28 

fS HIGH BITS fS HIGH BITS 
24-27 24-27 

Ao MIDDLE BITS Ao 
MIDDLE BITS 

Ric 20-23 
OFFSET RIC 20-23 

Rl LOW BITS 
lOOK CE 16-19 CE 

LOW BITS 
16-19 

-15V +15V GAIN 
GAIN 

REF IN 
10 REF IN lOOK REF OUT 

REF OUT 

10011 
12 BIP OFF +5V 1 

BIP OFF 
+5V 1 

UTO+l0V 

ANALOG 13 10VIN +15V 7 
±5V 

+15V 7 
ANALOG 

10VIN 

INPUTS 14 20VIN -15V 11 
UTO +20V 

INPUTS 
20VIN -15V II 

±IOV 

~ 
ANA COM DIG COM 15 

-=- ~ 
ANA COM DIG COM 15 

------
FIGURE 2. UNIPOLAR CONNECTIONS FIGURE 3. BIPOLAR INPUT CONNECTIONS 
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RANGE CONNECTIONS AND CALIBRATION 
PROCEDURES 

The HI-774 is a "complete" AID converter, meaning it is 
fully operational with addition of the power supply 
voltages, a Start Convert signal, and a few external 
components as shown in figures 2 and 3. Nothing more is 
required for most applications. 

Whether controlled by a processor or operating in the 
stand-alone mode, the HI-774 offers four standard input 
ranges: OV to +10V, OV to +20V, ±5V and ±10V. The maxi­
mum errors for gain and offset are listed under Specifica­
tions. If required, however, these errors may be adjusted 
to zero as explained below. Power supply and ground 
connections have been discussed in an earlier section. 

Unipolar Connections and Calibration-

Refer to figure 2. The resistors shown' are for calibration 
of offset and gain. If thisis not required, replace R2 wit.h a 
50!}, 1 % metal fiim resistor and remove the network on pin 
12. Connect pin 12 to pin 9. Then, connect the analog sig­
nal to pin 13 for the OV to 10V range, or to pin 14 for the OV 
to 20V range. Inputs to +20V (5V over the power supply) 
are no problem-the converter operates normally. 

Calibration consists in adjusting the converters's most 
negative output to its ideal value (offset adjustment), then, 
adjusting the most positive output to its ideal value (gain 
adjustment). To understand the procedure, note that in 
principle, one is settling the output with respect to the 
midpoint of an increment of analog input, as denoted by 
two adjacent code changes. Nominal value of an incre­
ment is one LSB. However, this approach is impractical 
because nothing "happens" at a midpoint to indicate that 
an adjustment is complete. Therefore, calibration is per­
formed in terms of the observable code changes instead 
of the midpoint between code changes. 

Controlling the HI-774 

The HI-774 includes logic for direct interface to most 
microprocessor systems. The processor may take full 
control of each conversion, or the converter may operate 
in the "stand-alone" mode, controlled only by the RIC 
input. Full control consists of selecting an 8 or 12 bit 
conversion cycle, initiating the conversion, and reading 
the output data when ready-choosing either 12 bits at 
once or 8 followed by 4, in a left-justified format. The five 
control inputs are all TTLICMOS- compatible: (12/8, CS, 
Ao, RIC and CE). Table 1 illustrates the use of these inputs 
in controlling the converter's operations. Also, a simpli­
fied schematic of the internal control logic is shown in 
Figure 4. 

For example, midpoint of the first LSB increment should 
be positioned at the origin, with an output code of all a's. 
To do this, apply an input of +';t,lSB (+1.22mV for the 10V 
range; +2.44mV for the 20V range). Adjust the Offset 
potentiometer R1 until the first code transition flickers 
between 0000 0000 0000 and 0000 0000 0001. 

Next, perform a Gain Adjust at positive full scale. Again, 
the ideal input corresponding to the last code change 
is applied. This is 1 V,LSB's below the nominal full scale 
(+9.9963V for 10V range; +19.9927V for 20V range). Adjust 
the Gain potentiometer R2 for flicker between codes 1111 
1111 1110 and 1111 1111 1111. 

Bipolar Connections and Calibration-

Refer to Figure 3. The gain and offset errors listed under 
Specifications may be adjusted to zero using potenti­
ometers R1 and R2'. If this isn't required, either or both 
pots may be replaced by a 500, 1% metal film resistor. 

Connect the Analog signal to pin 13 for a ±5V range, or to 
pin 14 for a ±10V range. Calibration of offset and gain is 
similar to that for the unipolar ranges as discussed above. 
First apply a DC input voltage V,LSB above negative full 
scale (i.e., -4.9988V for the ±5V range, or -9.9976V for the 
±10V range). Adjust the offset potentiometer R1 for 
flicker between output codes 0000 0000 0000 and 0000 
0000 0001. Next, apply a DC input voltage 1 V,LSB's below 
positive full scale (+4.9963V for ±5V range; +9.9927V for 
±10V range). Adjust the Gain potentiometer R2 for flicker 
between codes 1111 1111 1110 and 1111 1111 1111. 

'The 100n potentiometer R2 provides Gain Adjust for the 
10V and 20V ranges. In some applications, a full scale of 
10.24V (LSB equals 2.5mV) or 20.48V (LSB equals 5.0mV) 
is more convenient. For these, replace R2 by a 500, 1% 
metal film resistor. Then, to provide Gain Adjust for the 
10.24V range, add a 2000 potentiometer in series with pin 
13. For the 20.48 range, add a 500n potentiometer in 
series with the pin 14. 

"Stand-Alone Operation" 

The simplest control interface calls for a Single control 
line connected to RIC. Also, CE and 12/8 are wired high, 
CS and Ao are wired low, and the output data appears in 
words of 12 bits each. 

The RIC signal may have any duty cycle within (and 
including) the extremes shown in Figures 5 and 6. In 
general, data may be read when RIC is high unless STS is 
also high, indicating a conversion is in progress. Timing 
parameters particular to this mode of operation are listed 
in the "Stand-Alone Mode Timing" chart. 
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i-------Ilf----_ NIBBLE BlERD 
OVERRIDE 

»---r:Hf--------+ NIBBLE A, B 
INPUT BUFFERS 

;===============j~=t:=»-+-L..J"""'~------+ NIBBLE C 

.-c> ........ t-----+ STATUS 

STROBE 

CLOCK 

EDell 

FIGURE 4. HI-774 CONTROL LOGIC 

RIC 

S~----~-,---'~~ __ ~~ __ ~ HtHDR .. 

DR11-0BO DATA VALID 

FIGURE 5. LOW PULSE FOR RIC-OUTPUTS ENABLED AFTER CONVERSION 

'DS 

~ }-'c 

HIGH-Z 
DS11-DDD 

FIGURE 6. HIGH PULSE FOR RIC-OUTPUTS ENABLE WHILE RIC HIGH, OTHERWISE HIGH-Z 

Stand-Alone Mode Timing 

SYMBOL PARAMETER MIN TYP MAX UNITS 

tHRL Low RIC Pulse Width 50 ns 

tDS STS Delay from RIC 200 ns 

tHDR Data Valid After RIC Low 20 ns 

tHS STS Delay After Data Valid 90 300 ns 

tHRH High RIC Pulse Width 150 ns 

tDDR Data Access Time 150 ns 
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Conversion Length 

A Convert Start transition (see Table 1) latches the state of 
Ao, which determines whether the conversion continues 
for 12 bits (Ao low) or stops with 8 bits (Ao high). If all 12 
bits are read following an 8 bit conversion, the last three 
LSB's will read zero and DB3 will read ONE. Ao is latched 
because it is also involved in enabling the output buffers 
(see "Reading the Output Data"). No other control inputs 
are latched. 

TABLE 1 
TRUTH TABLE FOR HI-774 CONTROL INPUTS 

CE CS RIC 1218 A, OPERATION 
0 X X X X None 
X 1 X X X None .. 0 0 X 0 Initiate 12 bit conversion .. 0 0 X 1 Initiate 8 bit conversion 
1 + 0 X 0 Initiate 12 bit conversion 
1 + 0 X 1 Initiate 8 bit conversion 
1 0 + X 0 Initiate 12 bit conversion 
1 0 + X 1 Initiate 8 bit conversion 
1 0 1 1 X Enable 12 bit Output 
1 0 1 0 0 Enable 8 MSB's Only 
1 0 1 0 1 Enable 4 LSB's Plus 4 

Trailing Zeroes 

Conversion Start 

A conversion may be initiated as shown in Table 1 by a 
logic transition on any of three inputs: CE, CS or R/C. The 
last of the three to reach the correct state starts the 
conversion, so one, two or all three may be dynamically 
controlled. The nominal delay from each is the same, and 
if necessary, all three may change state simultaneously. To 
assure that a particular input controls the start of 
conversion, the other two should be set up at least 50nS 
earlier, however. See the HI-774 Timing Specifications, 
Convert mode. 

This variety of HI-774 control modes allows a simple 
interface in most system applications. The Convert Start 
timing relationships are illustrated in Figure 7. 

cE---~-II~ __ __ 

RIC ---.. I 

AD ---"""\. 

STS -----+--.11 
~--~~------------~tc 

HIGH IMPEDANCE 
DBll-DBD -----+-------------

FIGURE 7. CONVERT START TIMING 

The output signal STS indicates status of the converter by 
gOing high only while a conversion is in progress. While 
STS is high, the output buffers remain in a high 
impedance state and data cannot be read. Also, an 
additional Start Convert will not reset the converter or 
reinitiate a conversion while STS is high. 

Reading the Output Data 

The output data buffers remain in a high impedance state 
until four conditions are met: R/C high, STS low, CE high 
and C§ low. At that time, data lines become active 
according to the state of inputs 12/8 and Ao. Timing 
constraints are illustrated in Figure 8. 

The 12/8 input will be tied high or low in most 
applications, though it is fully TTL/CMOS-compatible . 
With 12/8 high, all 12 output lines become active 
simultaneously, for interface to a 12 or 16 bitdata bus. The 
Ao input is ignored. 

With 12/8 low, the output is organized in two 8 bit bytes, 
selected one at a time by Ao. This allows an 8 bit data bus 
to be connected as shown in figure 9. Ao is usually tied to 
the least significant bit of the address bus, for storing the 
HI-774 output in two consecutive memory locations. 
(With Ao low, the 8 MSB's only are enabled. With Ao high, 
4 MSB's are disabled, bits 4 through 7 are forced low, and 
the 4 LSB's are enabled). This two byte format is 
considered "left justified data", for which a decimal (or 
binary!) point is assumed to the left of byte 1: 

BYTE 1 BYTE 2 

.1 X X X X X X X xl I X X X X 0 0 0 01 
i I 
MSB LSB 

Further, Ao may be toggled at any time without damage to 
the converter. Break-before-make action is guaranteed 
between the two data bytes, which assures that the 
outputs strapped together in Figure 9 will never be 
enabled at the same time. 

cE-----.I1 

cs----..I 

RIC ----r-+--------I--... I 

AD ---" ,.-+---------1-.. ,.----

STS 

DBll-DBO -----+~~~ __ -_{ool--

FIGURE 8. READ CYCLE TIMING 

See HI-774 Timing Specifications for more information 
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HI-774 

A read operation usually begins after the conversion is 
complete and STS is low. For earliest access to the data 

however, the read should begin no later than (tDD + tHS) 
before STS goes low. See Figure 8. 

( 
I 

A. 
~r 

2 r 1218 

Ao 

ADDRESS BUS 

'-J 
STS 

DB11 (MSB) 

HI-714 

DBO ILSB) 

DIG. 
COM. 

\ 
28 

f---

27 

26 

25 

24 
DATA 

23 BUS 

22 

21 

20 

19 

1B 

17 

16 

15 

~ 
FIGURE 9. INTERFACE TO AN 8 BIT DATA BUS 

HI-774 Ordering Guide 

MODEL TEMPERATURE RANGE 

HI1-774J-S oOC To +7SoC' 

HI1-774K-S 00CTo+7SoC 

HI1-7745-2 -SSoc To + 12SoC 

HI1-774T-2 -SSoc To +12SoC 

LINEARITY ERROR MAX 
(TMIN TO TMAX) 

±1 LSB 

±1/2 LSB 

±1 LSB 

±1 LSB 
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RESOLUtiON (NO MISSING 
CODES, TMIN TO TMAX) 

11 Bits 

12 Bits 

11 Bits 

12 Bits 

FULL SCALE TC 
(PPM/OC MAX) 

45.0 

25.0 

SO.O 

25.0 





ORDERING INFORMATION .................................................................... . 

STANDARD PRODUCTS PACKAGING AVAILABILITY . ........................................... . 

SELECTION GUIDE . ........................................................................... . 

DIGITAL-TO-ANALOG CONVERTER DATA SHEETS 

HI-562A 1 2-Bit High Speed Monolithic Digital-to-Analog Converter .................. . 

HI-565A High Speed Monolithic Digital-to-Analog Converter with Reference ........... . 

HI-5618A!5618B 8-Bit High Speed Digital-to-Analog Converters ............................ . 

HI-5660/5660A High Speed Monolithic Digital-to-Analog Converter ........................ . 

HI-5680 12-Bit Low Cost Monolithic Digital-to-Analog Converter .................... . 

HI-5685/5685A High Performance Monolithic 12-Bit Digital-to-Analog Converter ............ . 

HI-5687 Wide Temperature Range Monolithic 12-Bit Digital-to-Analog Converter ...... . 

HI-5690V/95V/97V High Speed, 12-Bit Low Cost Monolithic Digital-to-Analog Converter .......... . 

HI-DAC16BJDAC16C 16-BitDigitaHo-Analog Converter .................................... _ .. 

ABSOLUTE MAXIMUM RATINGS 
As with all semiconductors, stresses listed under "Absolute Maximum Ratings" may 
be applied to devices (one at a time) without resulting in permanent damage. This is a 
stress rating only. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. The conditions listed under "Electrical Specifica­
tions" are the only conditions recommended for satisfactory operation. 
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Ordering Information 
HARRIS PRODUCT CODE EXAMPLE 

H I 1 0562A 5 

PREFIX: T T - P~BER T 
H (HARRIS) TEMPERATURE: 

FAMILY: __________ ---' 1 OOCto +2000 C * 
A Analog 2 -550C to +1250 C 
C Communications 4 -250C to +850 C 
D Digital 5 OOC to + 750 C 
F Filters 6 100% +250 C Probe (Dice Only) 
I 
M 
V 
Y 

Interface 
Memory 
Analog High Voltage 
Analog Hybrids 

PACKAGE: 
1 Dual-In-Line Ceramic 
2 Metal Can 
3 Dual-In-Line Plastic 
4 Leadless Chip Carriers (LCG) 
5 LCCHybrid 
7 Mini-DIP, Ceramic 
o Chip Form 

7 Dash-7 High Reliability Commercial 
Product OOC to + 750C 

8 

9 

Dash-8 Program 
HA2-2520-8 (Example Only) 
-400C to +850 C 

* Special High Temperature Testing Available on Certain 
Product Types. Consult Factory for Availability. 

Standard Products Packaging Availabilityt 

PLASTIC CERAMIC SURFACE MOUNT 

PACKAGE DIP DIP LCC 

TEMPERATURE -5 -2 -4 -5 -7 -8 -8 

DEVICE NUMBER 

DIGITAL TO ANALOG 

HI-562A J J ** ** 
HI-565A J J J 
HI-5618A D D D 

HI-5618B D D 0 
HI-5660 J J J 
HI-5660A J J J 

HI-56801 J 
HI-5680V J J 
HI-5685AI J 

HI-5685AV J 
HI-56851 J 
HI-5685V J 

HI-56871 J J 
HI-5687V J J ** 
HI-5690V J 

HI-5695V J 
HI-5697V J ** ** 
HI-DAC16B/16C L 

- Available as MIL-STD-883 Only. 
t Letter codes in this chart indicate available packages as shown in Packaging Section 11. 
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Selection Guide 

D/A CONVERTERS 

DIFFERENTIAL INTEGRAL I 

NON- NON- SUPPLY 
I 

MAXI- SElTUNG UNEARITY UNEARITY REFERENCE VOLTAGE DIP I 
RESOLU- MUM TIME TO GAIN (MAX@250C) (MAX@2S°C) REQUIREMENTS POWER PACKAGE ! 

PART TION OUTPUT ±1/2 LSB ERROR (LSB) (LSB) VIN/RIN DISSIPATION t PIN 
NUMBER FEATURES (BITS) RANGE (TYP) (%FSR) -5/-2 -5/-2 (VIn) (V/mW,TYP) COUNT PAGE 

I 

HI-562A Industry Standard 12 -2mA 3OOn5 ±0.024 ±1/2to±1/4 ±1/2to±1/4 +10/20K +5, -15/280 24- 6-4 I 
I 

I HI-565A + 1 OV Reference 12 -2mA 35On5 ±0.1 ±1/2to ±3/4 ±1/410±1/2 +10/20K ±15/320 24 6-10 
I On-Chip (Internal) 

I HI-5618A 
: 

High Speed 8 -5mA 5Sns ±0.78 ±1/4 ±1/4 +10/8K +5, -15/330 18 6-17 

I 
HI-5618B High Speed 8 -5mA 65n8 ±0.78 ±1/2 ±1/2 +10/8K +5, -15/330 18 6-17 

I HI-56SO Low Glitch 12 -2mA 5OOn5 ±0.1 ±3/4 ±1/2 +10/20K ±15/230 24 6-24 , 

HI-5660A Low Glitch 12 -2mA 500n5 ±0.1 ±1/2 ±1/4 +10/20K ±15/230 24 6-24 

! HI-5680v/1 VoHage Current 12 ±10V 1.5~s/ ±0.1 ±3/4 ±1/2 +6.3/12.6K +5,±12/320 24 6-33 
DAC80, -2mA 3OOn5 (Internal) 
OOCto +750C 

HI-5685V/I Voltage/Current 12 ±10V 1.5~s/ ±0.1 ±3/4 ±1/2 +6.3/12.6K +5,±12/320 24 6-39 
DAC80, -2mA 300ns (Internal) 
-250C to +850C 

HI-5685AV/I Voltage/Current 12 ±10V 1.5~s/ ±0.1 ±3/4 ±1/2 +6.3/12.6K +5,±12/320 24 8-39 ! 
Low Drift -2mA 300ns (Internal) 

I~ 
-250C to +850C 

HI-5687V/1 Voltage/Current 12 ±10V 1.5~/ ±0.1 ±3/4 ±1/2 +6.3/12.6K +5,±12/320 24- 6-45 
DACSO, -2mA 300n8 (Internal) 
-550C to + 1250C 

HI-5690V Fast Settling YO; 12 ±10V 75On5 ±0.1 ±3/4 ±1/2 +6.3/12.6K ±12/555 24 6-51 <W 
DAC80 (Internal) ,I-
OOCto +750C effi 

! ,> 
QZ ! 

HI-5695V Fast Settling yo; 12 ±10V 750n5 ±0.1 ±3/4 ±1/2 +6.3/12.6K ±12/555 24 6-51 0 

I 
DAC80, (Internal) 0 

I 
-250C to +850C I 

I HI-5697V Fast Settling yo; 12 ±lOV 750n. ±0.1 ±3/4 ±1/2 +6.3/12.6K ±12/555 24* 6-51 

I I DACSO, (Internal) 

I -55°C to + 1250C I 

I 
HI-DAC16B 16 Bit Monolithic 16 -2mA 1.0~s ±0.1 ±1 Typ ±1.5Typ +10/10K ±15/465 40 6-57 

(14 Bits) I 

HI-DAC16C 16 Bit Monolithic 16 -2mA 1.0~ ±0.1 ±2Typ ±3Typ +10/10K ±15/465 40 6-57 
(14 Bns) 

* SUrface mount package available. 
t Most supplies can be varied from ± 12 volts to ±15 volts, please see data sheets for specific information. 
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mHARRIS 

Features 
• Output Current •.••.••..•.......•..•..•..• 2mA. F.S. 

• Monolithic Construction 

• Extremely Fast Settling ....... 300ns To 0.01% (Typ) 

• Low Gain Drift .•.....•.....•.••.. ±10ppm/OC (Max) 

• Linearity Guaranteed Over Temperature ... ±1/2 LSB 
(Max) 

• Designed for Minimum Glitches 

• Monotonic Over Temperature 

Description 
The Harris HI-562A is the first monolithic digital-to-analog 
converter to combine both high speed performance and 
12-bit accuracy on the same chip. The HI-562A's fast out­
put current settling of 300ns to 0.01 % is achieved using 
Dielectric Isolation processing to reduce internal parasitics 
for fast rise and fall times during switching. Output glitches 
are minimized in the HI-562A by incorporating equally 
weighted current sources switched into an R-2R ladder 
network for symmetrical turn-ON and turn-OFF switching 
times. This creates within the chip a very uniform and 
constant thermal distribution for excellent linearity and also 
completely eliminates thermal transients during switching. 
High stability thin film resistor processing together with 
laser trimming provide the HI-562A with guaranteed 1 2-bit 
linearity to within ±1/2LSB maximum at +250 C for -4 and 
-5 parts and to within ±1 /4LSB maximum at +250 C for -2 

Pinouts 

HI-562A 
12-Bit High Speed Monolithic 

Digital-to-Analog Converter 

Applications 
• CRT Display Generation 

• High Speed AID Converters 

• Video Signal Reconstruction 

• Waveform Synthesizers 

• High Speed Data Acquisition 

• High-Rei Applications 

• Precision Instruments 

and -8 parts. The HI-562A is recommended as a replace­
ment for higher cost hybrid and modular units for increased 
reliability and accuracy in applications such as CRT 
displays, precision instruments and data acquisition 
systems requiring throughput rates as high as 3.3MHz for 
full range transitions. Its small size makes it an ideal choice 
as the heart of high speed ND converter designs or as a 
building block in high speed or high resolution industrial 
process control systems. The HI-562A is also ideally suited 
for aircraft and space instrumentation where operation over 
a wide temperature range is required. 

The HI-562A is offered in commercial, industrial and 
military grades. The HI-562A is available in a 24 pin 
Ceramic Sidebraze DIP. For MIL-STD-883 compliant parts, 
request the HI-562N883 data sheet. 

H11-562A (CERAMIC SIDEBRAZE DIP) 
TOP VIEW 

VCC BIT 1 (MSB) 

CMOS/TTL 2 23 BIT 21N 
LOGIC SELECT 

VREFLOIN 3 BIT31N 

NC 4 BIT 41N 

VREF HI IN 5 BIT 51N 

VEE 6 BIT 61N 

BIPOLAR RIN BIT71N 

BIPOLAR ROUT 8 BIT 8 IN 

IOAC OUT 9 BIT91N 

10V SPAN R 10 BIT 10 IN 

20V SPAN R 11 BIT lllN 

GND 12 BIT 12 (LSB) 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper Ie handling procedures. 
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Functional Diagram 

VREF (HI IN) 

5 

GND 

12 

V+ 

1 

TTL/CMOS 
LOGIC 
LEVEL BIT 1 IN 
SELECT (MSB) 

HI-562A 

2 3 4 5 6 7 B 9 11 
BIT 121N 

(LSB) 

1K 1K 1K 1K 1K 1K 1K 1K 1K 1K 
19.95K 

5K ~+-~-r~~~~r+~~.~-+~~~'-~4r-r~~-b~++~-r~ 

9 
IDAC 
OUT 

NOTE: Pin Numbers Refer to DIP Package Only. 
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Specifications HI-562A 

Absolute Maximum Ratings (Referred to GND, Note 1) 
Power Supply Inputs 

Vps+ ....•.....•...•............................... +20V 
Vps- ..........•..•................................. -20V 

Reference Inputs 
VREF (High) ..•.•................................. ::I:16.5V 

Digital Inputs 
Bits 1-12 (TTL) .•.•.......•..................•.. -1V, +7.5V 
Bits 1-12 (CMOS) .............................. -lV,Vps+ 
CMOStrTL Logic Select. . . • . . . . . . . . . . . . . . . . . .. -1V, + 16.5V 

Outputs 
Pins7,8,10,ll .•.................................•. ::I:Vps 
Pin 9 .......•................................•. +Vps, -5V 

Junction Temperature ................................ +1750 C 

Operating Temperature Range 
HI-562A-2 ..•............................. -550 Cto+1250 C 

HI-562A-4 ................................. -250 C to +850 C 
HI-562A-5 .......•.•........................•. oOC to + 750 C 

Storage Temperature Range ................• -650 C to +lsoaC 

Electrical Specifications (@ +250 C, vps+ = +5V, v ps- = -15V, vREF = +10V, CMOStrTL Logic Select = GND, Unless 
Otherwise Specified.) 

HI-S62A-2 HI-S62A-4/HI-562A-5 

PARAMETER CONDITION MIN TYP MAX MIN TYP MAX UNITS 
INPUT CHARACTERISTICS 

Digital Inputs (Note 3) Bit ON "Logic 1" {",",V_,_" Bit OFF "Logic 0" 
Logic "1" 2.0 2.0 V 

TIll Logic ''0'' (Vps+ <9.5V) 0.8 0.8 V 
CMOS Input Current (Note 2) Pin 2 Tied to Pin 12 

Logic "1" Over Full Temperature Range 20 ::1:500 20 ::1:500 nA 
LogiC "0" -50 -100 -50 -100 IlA 

r"'v-' Logic "1" O.7Vps+ O.7Vps+ V 

CMOS Logic "0" Pin 2 Tied to Pin 1 0.3Vps+ 0.3Vps+ V 
Input Current (Vps+ ~ +9.5V) 
Logic "1" Over Full Temperature Range 20 ::1:500 20 ::1:500 nA 
LogiC "0" -50 -100 50 -100 IlA 

Reference Input 
Input Resistance (::1:20%) 19.95K 19.95K n 
Input Voltage +10 +10 V 

TRANSFER CHARACTERISTICS 

Resolution Over Full Temperature Range 12 12 Bits 

Nonlinearity (Note 3) @+250 C ::1:1/4 ::1:1/4 ::1:1/2 LSB 
Over Full Temperature Range ::1:1/2 ::1:1 ::1:1 LSB 

Differential Nonlinearity @+250 C ::1:1/4 ::1:1/4 ::1:1/2 LSB 
(Note 3) Over Full Temperature Range MONOTONICITY GUARANTEED 

Relative Accuracy (Note 6) With 50n (1 %) Resistors 
Gain Error All Bits ON ::1:0.024 ::1:0.25 ::1:0.024 ::1:0.25 %FSR 
Bipolar Offset Error All Bits OFF ::1:0.024 ::1:0.25 ::1:0.024 ::1:0.25 %FSR 
Unipolar Offset Error All Bits OFF ::1:0.012 ::1:0.05 ::1:0.012 ::1:0.05 %FSR 

(Note 4) 

Adjustment Range See Operating Instructions 
Gain With lOOn Trim ::1:0.3 ::1:0.3 %FSR 
Bipolar Offset Potentiometers ::1:0.6 ::1:0.6 %FSR 

Temperature Stability Drift Specified With Internal 
Span Resistors For Volt. Output 

Gain Drift (Note 3) Over Full Temperature Range ::1:6 ::1:10 ::1:10 ppm of 
Offset Drift (Note 3) Over Full Temperature Range FSR{QC 

Unipolar Offset All Bits OFF ::1:2 ::1:2 ppm of 
Bipolar Offset All Bits OFF ::1:4 ::1:4 FSR{QC 

Differential Nonlin. Over Full Temperature Range ::1:1 ::1:2 ::1:1 ::1:2 ppm of 
FSR{QC 

Settling Time (Note 3) All Bits ON-ta-OFF or 300 400 300 400 ns 
to::l:1/2LSB OFF-ta-ON 
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Specifications HI-562A 

Electrical Specifications (Continued) 

HI-562A-2 HI-562A-4/HI-562A-5 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Major Carry Transient 
Peak Amplitude Settling From 011 ... 1 to 100 ... 0 0.7 0.7 mA 
Time to 90% Complete orloo ... 0toOll ... l 35 35 ns 

Power Supply SensRivity (Note 3) 
Unipolar Offset 

Vps+@+5Vor+15V All Bits OFF ±0.5 ±0.5 ppm of 
Vps_@-15V " ±0.5 ±0.5 FSR/ 

Bipolar Offset %Vps 
Vps+ @ +5Vor +15V All Bits OFF, Bipolar Mode ±1.5 ±1.5 ppm of 
Vps- @-15V " ±1.5 ±1.5 FSR/ 

Gain %Vps 
Vps+ @+5Vor+15V All Bits ON ±3.5 ±3.5 ppm of 
Vps- @-15V ±7.5 ±7.5 FSR/ 

%Vps 

OUTPUT CHARACTERISTICS 

Output Current 
Unipolar -1.6 -2.0 -2.4 -1.6 -2.0 -2.4 mA 
Bipolar ±0.8 ±1.0 ±1.2 ±0.8 ±1.0 ±1.2 mA 

Resistance 2K 2K n 
Capacitance 20 20 pF 

Output Voltage Ranges 
Unipolar Using External Op Amp Oto+5 Oto+5 V 

and Internal Scaling Resistors. Oto+l0 Oto+l0 V 
Bipolar See Figure 1 and Table 1 ±2.5 ±2.5 V 

For Connections ±5 ±5 V 
±10 ±10 V 

Compliance Limit (Note 3) -3 +10 -3 +10 V 

Compliance Voltage (Note 3) Over Full Temperature Range ±1.0 ±1.0 V 

Output Noise 0.1 to 10Hz (All Bits ON) 30 30 J.1Vp- p 
0.1 to 5MHz (All Bits ON) 100 100 J.1Vp- p 

POWER REQUIREMENTS 

Vps+ (Note 7) Over Full Temperature Range 4.5 5 16.5 4.75 5 16.5 V 
Vps- Over Full Temperature Range -13.5 -15 -16.5 -13.5 -15 -16.5 V 

Ips+ (Note 5) All Bits ON or OFF in Either 8 15 8 15 mA 
Ips- (Note 5) TTL or CMOS Mode (250 C) 16 23 16 23 mA 

Ips+ (Note 5) Same as Above Except 11 20 11 20 mA 
Ips- (Note 5) Over Full Temperature Range 20 30 20 30 mA 

Power Dissipation (250 C) Vps+ = +5V, Vps- = -15V 280 420 280 420 mW 

NOTES: 
1. Absolute maximum ratings are limiting values, applied individually, be­

yond which the serviceability of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily implied. 

6. Using an external op amp with internal span resistors and specijied exter· 
nal trim resistors in place of potentiomenters Rt and R2. Erro", are adjust· 
able to zero using Rt and R2 potentiometers. (See Operating Instructions 
Figure 2.) 2. Vps+ tolerance is ±to% for HI-562A-2, and ±5% for HI-562A-4, -5. 

3. See Definitions. 
4. FSR is "Full Scale Range" and is 20V for ±tOV ranges, tOV for ±5V 

ranges, etc., or 2mA (±20%) for current output. 

7. The HI-562A is designed for V ps+ = 5V, but +4.5V S V ps+ S t6.5V may­
be connected if convenient (For Vps+ above +5V, there is an increase in 
power dissipation but little change in performance.) 

5. After 30 seconds warm-up. 

Die Characteristics 
Transistor Count " ... ',.,"' .. " .... , ..... , .. , .. ,. 150 
Die Dimensions ... , ..... , .......... , .... 103 x 209 mils 
Thermal Impedance (OC/W) 9ja 9jc 

Sidebraze DIP 50 15 
Ceramic LCC 81 40 

Tie Supstrate to .............. VREF Low (Analog Ground) 
Process ............... , .................... Bipolar-DI 
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HI-562A 

Definitions of Specifications 
Digital Inputs 

The HI-562A accepts digital input codes in binary format 
and may be user connected for anyone of three binary 
codes: Straight Binary, Two's Complement, or Offset Binary 
(see Operating Instructions). 

ANALOG OUTPUT 

DIGITAL Straight Offset Two's 
INPUT Binary Binary Complement' 

MSB LSB 
000 ... 000 Zero -FS (Full Scale) Zero 
100 ... 000 1/2 FS Zero -FS 
111...111 +FS-1 LSB +FS-1 LSB 1/2FS-1 LSB 
011...111 1/2FS-1LSB Zero-1 LSB +FS-1 LSB 

'Invert MSB with external inverter to obtain Two's 
Complement Coding 

Accuracy 

INTEGRAL NONLINEARITY - The maximum deviation of 
the actual transfer characteristic from an ideal straight line. 
The ideal line is positioned according to "end-point 
linearity" for D/A converter products from Harris 
Semiconductor, Le. the line is drawn between the end­
points of the actual transfer chara.cteristic (codes 00 ... 0 and 
11...1). 

DIFFERENTIAL NONLINEARITY - The difference between 
one LSB and the output voltage change corresponding to 
any two consecutive codes. A Differential Nonlinearity of ±1 
LSB or less guarantees monotonicity. 

MONOTONICITY - The property of a D/A converter's 
transfer function which guarantees that the output derivative 
will not change sign in response to a sequence of increas­
ing (or decreasing) input codes. That is, the only output 
response to a code change is to remain constant, increase 
for increasing code, or decrease for decreasing code. 

Settling Time 

That interval between application of a digital step input, and 
final entry of the analog output within a specified window 
about the settled value. Harris Semiconductor usually 
specifies a unipolar 10V full scale step, to be measured 
from 50% of the input digital transition, and a window of 
±1/2 LSB about the final value. The device output is then 
rated according to the worst (longest settling) case: low to 
high, or high to low. 

Drift 

GAIN DRIFT- The change in full scale analog output over 
the specified temperature range expressed in parts per mil­
lion of full scale range per oC (ppm of FSR/OC). Gain error 
is, measured with respect to +250 C at high (TH) and low 
(TL) temperatures. Gain drift is calculated for both high 
(TH -250 C) and low (+250 C - TU ranges by dividing the 
gain error by the respective change in temperature. The 
specification is the larger of the two representing worst 
case drift. 

OFFSET DRIFT - The change in analog output with all bits 
OFF over the specified temperature range expressed in 
parts per million of full scale range per oC (ppm of FSRfOC). 
Offset error is measured with respect to +250 C at high (TH) 
and low (TU temperatures. Offset Drift is calculated for both 
high (TH -250 C) and low (+250 C - TL) ranges by dividing 
the offset error by the respective change in temperature. 
The specification given is the larger of the two, representing 
worst-case drift. 

Power Supply Sensitivity 

Power Supply Sensitivity is a measure of the change in gain 
and offset of the D/A converter resulting from a change 
in -15V, +5V or +15V supplies. It is specified under DC 
conditions and expressed as parts per million of full 
scale range per percent of change in power supply (ppm of 
FSR/%Vps). 

Compliance 

Compliance Voltage is the maximum output range for which 
specified accuracy limits are guaranteed. Compliance Limit 
implies functional operation only and makes no claims to 
accuracy. 

Glitch 

A glitch on the output of a D/A converter is a large transient 
spike resulting from unequal internal ON-OFF switching 
times. Worst case glitches usually occur at half-scale or the 
major carry code transition from 011 ... 1 to 100 ... 0 or vice 
versa. For example, if turn ON is greater than turn OFF for 
011 ... 1 to 100 ... 0, an intermediate state of 000 ... 0 exists, 
such that, the output momentarily glitches toward zero 
output. Matched switching times and fast switching will 
reduce glitches considerably. 
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HI-562A 

Operating Instructions 
Decoupling and Grounding 

For best accuracy and high frequency performance, the 
grounding and decoupling scheme shown in Figure 1 
should be used. Decoupling capacitors should be con­
nected close to the HI-562A (preferably to the device pins) 
and should be tantalum or electrolytic bypassed with 
ceramic types for best high frequency noise rejection. 

~F ~ vps+ 

O'Ol~J'F 

Vps-

HI-562A 

L-_________ --' ANALOG GROUNO 

FIGURE 1. 

Unipolar and Bipolar Voltage Output Connections 

CONNECTIONS - Using an external resistive load, the Qut­
put compliance should not exceed ±1 V to maintain 
specified accuracy. For higher output voltages, accuracy 
can be maintained by using an external op amp and the 
internal span resistors as shown in Figure 2 and defined in 
Table 1 for unipolar and bipolar modes. 

BIPOLAR 
OFFSET 
AOJUST 

+5V/+15V.-15V 

<For TIL and DTL compatibility, connect +5V to pin 1 and tie pin 2 to pin 12. 
For CMOS compatibility. connect digital power supply (9.5V ~ VDD ~ 
+12V) to pin 1 and short pin 2 to pin 1. 

«Bias resistor. RB. should be chosen to equalize op amp offset voltage due 
to bias current. Its value is calculated from the parallel combination of the 
current source oulput resistance (2K) and the op amp feedback resistor. 
See Table 1 for values of RB. 

FIGURE 2. 

TABLE 1. 

CONNECTIONS 

OUTPUT PIN7 PIN8 PIN 10 PIN11 BIAS (RB) 
RANGE TO TO TO TO RESISTOR 

Unipolar Oto+l0V NC NC A NC 1.43K 

Mode Oto+5V NC NC A 9 1.11K 

Bipolar ±10V D 9 NC A 7600 

Mode ±5V D 9 A NC 8400 

±2.5V D 9 A 9 7660 

External Gain and Zero Calibration (See Figure 2) 

The input reference resistor (20K nominal) and bipolar 
offset resistors shown in Figure 2 are both intentionally set 
low by 50n to allow the user to externally trim-out initial 
errors to a very high degree of precision. The adjustments 
are made in the voltage output mode using an external op 
amp as current-to-voltage converter and the HI-562A 
internal scaling resistors as feedback elements for optimum 
accuracy and temperature coefficient. For best accuracy 
over temperature, select an op amp that has good front-end 
temperature coefficients such as the HA-2600/2605 with 
offset voltage and offset current tempco's of 511V/oC in 
1 nAloC, respectively. For high speed voltage mode applica­
tions where fast settling is required, the HA-251 0/2515 is 
recommended for better than 1.511S settling to 0.01 %. Using 
either one, potentiometer R3 conveniently nulls unipolar 
offset plus op amp offset in one operation (for HA-2510/ 
2515 and HA-2600/2605 use R3 = 20K and 100K, 
respectively). For bipolar mode operation, R3 should be 
used to null op amp offset to optimize its tempco (I.e., short 
9 to A and adjust R3 for zero before calibrating in bipolar 
mode). The gain and bipolar offset adjustment range 
using 100n potentiometers is ±12 LSB and ±25 LSB, 
respectively. If desired, the potentiometers can be replaced 
with fixed 50n (1 %) resistors resulting in an initial gain and 
bipolar offset accuracy of typically ±1/2 LSB. 

UNIPOLAR CALIBRATION 

Step 1: Unipolar Offset 
• Tum all bits OFF 
• Adjust R3 for zero volts output 

Step 2: Gain 
• Turn all bits ON 
• Adjust R2 for an output of FS - 1 LSB 

That is, adjust for: 
9.9976V for OV to + 1 OV range 
4.9988V for OV to +5V range 

BIPOLAR CALIBRATION 

Stept: Bipolar Offset 
• Tum all bits OFF 
• Adjust R 1 for an output of: 

-1 OV for ±1 OV range 
-SV for ±5V range 
-2.SV for ±2.SV range 

Step 2: Gain 
• Tum bit 1 (MSB) ON; all other bits OFF 
• Adjust R2 for zero volts output 
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mJ~RIS 

Features 

• DAC AND REFERENCE ON A SINGLE CHIP 

• PIN COMPATIBLE WITH AD565A 

• VERY HIGH SPEED: SETTLES TO 112 LSB IN 250ns, MAX. 
FULL SCALE SWITCHING TIME 30ns, TYP. 

• GUARANTEED FOR OPERATION WITH ±12V SUPPLIES 

• MONOTONICITY GUARANTEED OVER TEMPERATURE 

• 1/2 LSB MAX NONLINEARITY GUARANTEED OVER 
TEMPERATURE 

• LOW GAIN DRIFT (MAX, DAC PLUS 25ppm/oC 
REFERENCE) 

• LOW POWER DISSIPATION 250mW 

Applications 

• CRT DISPLAYS 

• HIGH SPEED AID CONVERTERS 

• SIGNAL RECONSTRUCTION 

• WAVEFORM SYNTHESIS 

Pinout 

TOP VIEW 

NC BIT 1 (MSB) IN 

NC BIT 21N 

VCC BIT 31N 

REF OUT (+10V) BIT 4 IN 

REF GNO BIT5IN 

REFIN BIT SIN 

-VEE BIT71N 

BIPOLAR R IN BIT BIN 

IDAC OUT BIT91N 

10V SPAN R BIT 10 IN 

20V SPAN R BIT 11 IN 

POWER GND BIT 12 (LSB) IN 

HI·565A 

Description 

High Speed Monolithic 
Digital-to-Analog 

Converter with Reference 

The H 1-565A is a fast, 12 bit current output, digital to analog 
converter. The monolithic chip includes a precision voltage refer­
ence, thin-film R-2R ladder, reference control amplifier and twelve 
high-speed bipolar current switches. 

The Harris Semiconductor dielectric isolation process provides latch· 
free operation while minimizing stray capacitance and leakage 
currents, to produce an excellent combination of speed and accur­
acy. Also, ground currents are minimized to produce a low and 
constant current through the ground terminal, which reduces error 
due to code-dependent ground currents. 

HI-565A dice are laser trimmed for a maximum integral non­
linearity error of ±1/4 LSB at +250 C. In addition, the low noise 
buried zener reference is trimmed both for absolute value and 
minimum temperature coefficient. 

The H 1-565A is offered in both commercial and military grades. 
For additional Hi-Rei screening including 160 hour burn-in, specify 
the "-8" suffix. See Ordering Information. 

Package is a 24 pin side-brazed ceramic DIP. Power dissipation 
is typically 250mW, with ± 15V supplies. 

Functional Diagram 

vee 
11 

BIP. OFF. 8 20VSPAN 

HI~565A 5K 
lOV 10 

IREF 10VSPAN 

REF 

I: 19.96K 
5K 

9 
OUT 

3.5K 

REF 3K 
GND 

-= -= 
PWR MS8 LSB 
GND 
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Specifications HI-565A 

Absolute Maximum Ratings* 
Vee to Power Ground ................... OV to +18V 10V Span R to Reference Ground ................ ± 12V 
VEE to Power Ground ................... OV to -18V 20V Span R to Reference Ground ................ ±24V 
Voltage on DAe Output (Pin 9). ............. -3V to +12V Ref Out ............... Indefinite Short to Power Ground 
Digital Inputs (Pins 13-24) to Power Ground ..... -IV to +7.0V Momentary Short to Vee 
Ref In to Reference Ground .................... ± 12V Operating Temperature Ranges: 
Bipolar Offset to Reference Ground ............... ± 12V HI-565AS, T-2 .................. -550 e to +125 0 e 
Junction Temperature. . . . . . . . . . . . . . . . . . . . .. 1750e HI-565AJ, K-5 .................... ooe to +75 0 e 

H 1-565AS, T -8 .................. -550 e to + 1250 e 

* Absolute maximum ratings are limiting values beyond which the serviceability of the circuit may be impaired. 

Electrical Specifications (T A = +250e, Vee = +15V, VEE = -15V, unless otherwise specified) 

HI-565AJ, HI-565AS HI-565AK, HI-565AT 

MOOEL MIN TYP MAX MIN TYP MAX UNITS 

DATA INPUTS (Note 1) (Pins 13 to 241 

TTL or 5V CMOS (TMIN to TMAXI 
Input Voltage 

Bit ON Logic "1" +2.0 +5.5 +2.0 +5.5 V 
Bit OFF Logic "0" +0.8 +0.8 V 

Logic Current (Each Bit) 
Bit ON Logic "1" .01 +1.0 .01 +1.0 J1A 
Bit OFF Logic "0" -2.0 -20 -2.0 -20 J1A 

RESOLUTION 12 12 Bits 

OUTPUT 

Current Unipolar (All Bits On) -1.6 -2.0 -2.4 -1.6 -2.0 -2.4 mA 
Bipolar (All Bits on or Off) iO.B ±1.0 ±1.2 ±O.B ±1.0 ±1.2 mA 

Resistance (Exclusive of Span Resistors) 1.Bk 2.5k 3.2k 1.Bk 2.5k 3.2k n 
Offset Unipolar 0.01 0.05 0.01 0.05 % of F.s. 

Bipolar (Figure 2, R3 = 
50n Fixed) 0.05 0.15 0.05 0.1 % of F.S. 

Capacitance 20 20 pF 
Compliance Voltage, TMIN to TMAX -1.5 +10 -1.5 +10 V 

ACCURACY (Error Relative to 
Full Scale) 

+250 C ±1/4 ±1/2 ±1/8 ±1/4 LSB 
(0.006) (0.012) (0.003) (0.006) % of F.S. 

TMIN to TMAX ±1/2 ±3/4 ±1/4 ±112 LSB 
(0.012) (0.018) (0.006) (0.012) % OF F.S. 

DIFFERENTIAL NONLINEARITY 

+250 C ±1/2 ±3/4 ±1/4 ±112 LSB 

TMIN toTMAX MONOTONICITY GUARANTEED 

TEMPERATURE COEFFICIENTS 

With Internal Reference 
Unipolar Zero 1 2 1 2 ppm/OC 
Bipolar Zero 5 10 5 10 ppm/OC 
Gain (Full Scale I 15 40 10 25 ppm/OC 
Differential Nonlinearity 2 2 ppm/OC 

SETTLING TIME TO 112 LSB 

With High.Z External Load (Note 21 350 500 350 500 ns 
With 75 n External Load 150 250 150 250 ns 
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Specifications HI·565A 

HI-565AJ, HI-565AS HI-565AK, HI-565AT 

MODEL MIN TYP MAX MIN TYP MAX UNITS 

FULL SCALE TRANSITION (From 
50% of Logic Input to 90% of Analog 
Output) 

Rise Time 15 30 15 30 ns 
Fall Time 30 50 30 50 ns 

TEMPERATURE RANGE 

Operating (H 1-565AJ/K) 0 +75 0 +75 DC 
(H 1-565AS/Tl -55 +125 -55 +125 DC 

Storage 
D Package (All) -65 +150 -65 +150 DC 
N Package (J, K) -25 +150 -25 +150 DC 

POWER REQUIREMENTS 

ICC,+I'.4to+16.5V DC 9.0 11.8 9.0 11.8 rnA 
IEE,-I'.4to -16.5V DC -9.5 -14.5 -9.5 -14.5 rnA 

POWER SUPPLY GAIN SENSITIVITY 
(Note 3) 

IICC = +11.4 to +16.5 VOC 3 10 3 10 ppm of 
F.S./% 

VEE = -11.4 to -16.5 VDC 15 25 15 25 ppm of 
F.S./% 

PROGRAMMABLE OUTPUT 
RANGES (See Table 1) o to +5 o to+5 V 

-2.5 to +2.5 -2.5 to +2.5 V 
Oto+l0 Oto+l0 V 
-5 to +5 -5 to +5 V 

-10to+l0 -10to+l0 V 

EXTERNAL ADJUSTMENTS 

Gain Error with Fixed 50 ~ Resistor 
for R2 (Figure 1) ±0.1 to.25 ±0.1 ±0.25 % ofF.S. 

Bipolar Zero Error with Fixed 50~ 
Resistor for R3 (Figure 2) ±0.05 ±0.15 ±0.05 ±0.1 %of F.S. 

Gain Adjustment Range (Figure 1) ±0.25 ±0.25 % of F.S. 
Bipolar Zero Adjustment Range ±0.15 ±D.15 % of F.s. 

REFERENCE INPUT 

Input Impedance 15K 20K 25K 15K 20K 25K 

REFERENCE OUTPUT 

Voltage 9.90 10.00 10.10 9.90 10.00 10.10 V 
Current (Available for External Loads) 1.5 2.5 1.5 2.5 rnA 

POWER DISSIPATION 250 375 250 375 mW 

NOTES: 
1. Guaranteed but not tested over the operating temperature range. 
2. See settling time discussion and Figure 3. 
3. The Power Supply Gain Sensitivity is tested in reference to a Vee, VEE of ±15V. 
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HI-565A 

Definitions of Specifications 

DIGITAL INPUTS 

The H 1-565A accepts digital input codes in binary format and 
may be user connected for anyone of three binary codes. 
Straight Binary, Two's Complement*, or Offset Binary, (See 
Operating Instructions). 

OIGITAl 
INPUT 

MSB ... LSB 
000 ... 000 
100 ... 000 
111...111 
011...111 

Straight 
Binary 

Zero 
HS 

+FS -1 lSB 
YoFS -1 lSB 

ANALOG OUTPUT 

Offset 
Binary 

-FS (Full Scale) 
Zero 

+FS -llSB 
Zero - 1 lSB 

Two's 
Complement* 

Zero 
-FS 

Zero - 1 lSB 
+FS -llSB 

*Invert MSB with external inverter to obtain Two's 
Complement Coding 

ACCURACY 

NONLINEARITY - Nonlinearity of.a O/A converter' is an 
important measure of its accuracy. It describes the deviation 
from an ideal straight line transfer curve drawn between zero 
(all bits OFF) and full scale (all bits ON). 

OIFFERENTIAL NONLINEARITY - For a D/A converter, it 
is the difference between the actual output voltage change and 
the ideal (1 lSB) voltage change for a one bit change in code. 
A Differential Nonlinearity of ±1 lSB or less guarantees mono­
tonicity; i.e., the output always increases and never decreases 
for an increasing input. 

SETTLING TIME 

Settling time is the time required for the output to settle to 
within the specified error band for any input code transition. 
'It is usually specified for a full scale or major carry transition, 
settling to within 1/2 lSB of final value. 

Applying the HI-565A 

OP AMP SELECTION 

The HI-565A's current output may be converted to voltage 
using the standard connections shown in Figures 1 and 2. The 
choice of operational amplifier should be reviewed for each 
application, since a significant trade-off may be made between 
speed and accuracy. 

For highest precision, use an HA-5130. This amplifier contri­
butes negligible error, but requires about 11~s to settle within 
±o.I% following a 10V step. 

The Harris Semiconductor HA-2600 is the best all-around choice 
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DRIFT 

GAIN DRIFT - The change in full scale analog output over the 
specified temperature range expressed in parts per million of 
full scale range per oC (ppm of FSR/oC). Gain error is meas­
ured with respect to +250C at high (TH) and low (1L) temp­
eratures. Gain drift is calculated for both high (TH -250C) and 
low ranges (+250C -TLl by dividing the gain error by the respec­
tive change in temperature. The specification is the larger of 
the two representing worst case drift. 

OFFSET DRIFT - The change in analog output with all bits 
OFF over the specified temperature range expressed in parts 
per million of full scale range per oC (ppm of FSR/OC). Dffset 
error is measured with respect to +250C at high (TH) and low 
(TLl temperatures. Offset Drift is calculated for both high 
(TH -250C) and low (+250 C -TLl ranges by dividing the offset 
error by the respective change in temperature. The specification 
given is the larger of the two, representing worst-case drift. 

POWER SUPPL Y SENSITIVITY 

Power Supply Sensitivity is a measure of the change in gain and 
offset of the D/A converter resulting from a change in -15V 
or +15V supplies. It is specified under DC conditions and 
expressed as parts per million of full scale range per percent of 
change in power supply (ppm of FSRI"Io). 

COMPLIANCE 

Compliance Voltage is the maximum output voltage range that 
can be tolerated and still maintain its specified accuracy. Com­
pliance limit implies functional operation only and makes no 
claims to accuracy. 

A glitch on the output of a D/A converter is a transient spike 
resulting from unequal internal ON-OFF switching times. Worst 
case glitches usually occur at half-scale or the major carry 
code transition from 011 ... 1 to 100 ... 0 or vice versa. For ex­
ample, if turn ON is greater than turn OFF for 011 ... 1 to 
100 ... 0, an intermediate state of 000 ... 0 exists, such that, the 
output momentarily glitches toward zero output. Matched 
switching times and fast switching will reduce glitches 
considerably. 

for this application, and it settles in 1.51JS (also to ±0.1% follow­
ing a 10V step). Remember, settling time for the DAC-amplifier 
combination isVtD2 + tA2, where tD, tA are settling times for 
the DAC and amplifier. 

NO-TRIM OPERATION 

The H 1-565A will perform as specified without calibration 
adjustments. To operate without calibration, substitute 50 ~ 
resistors for the 100 ~ trimming potentiometers: In Figure 1 
replace R2 with 50~ ; also remove the network on pin 8 and 
connect 50 ~ to ground. For bipolar operation in Figure 2, 
replace R3 and R4 with 50~resistors. 
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HI-565A 

Applying the HI-565A, (Continued) 

Table 1 - Operating Modes and Calibration 

CIRCUIT CONNECTIONS: CALIBRATION: 

OUTPUT PIN10 PIN 11 RESISTOR APPLY TO SET 
MOOE RANGE TO TO 

Unipolar o to +10V Vo Pin 10 
(See Fig. 1) 

o to +5V Vo Pin 9 

Bipolar ±lOV NC Vo 
(See Fig. 2) 

±5V Vo Pin 10 

±2.5V Vo Pin 9 

With these changes, performance is guaranteed as shown under 
Specifications, "External Adjustments". Typical unipolar 
zero will be ±1/2 LSB plus the op amp offset. 

The feedback capacitor C must be selected to minimize settling 
time. 

CALIBRATION 

Calibration provides the maximum accuracy from a converter 
by adjusting its gain and offset errors to zero. For the H 1-565A, 
these adjustments are similar whether the current output is 
used, or whether an external op amp is added to convert this 
current to a voltage. Refer to Table I for the voltage output 
case, along with Figure I or 2. 

-VEE PWR 
GNO 

FIGURE 1. UNIPOLAR VOLTAGE OUTPUT 

(R) INPUT COOE ADJUST Vo 

1.43K All O's Rl OV 
AliI's R2 +9.99756V 

1.1K All O's Rl OV 
AliI's R2 +4.99878V 

1.69K All O's R3 -10V 
AliI's R4 +9.99512V 

1.43K All O's R3 -5V 
AliI's R4 +4.99756V 

1.1K All O's R3 -2.5V 
AliI's R4 +2.49878V 

Calibration is a two step process for each of the five output 
ranges shown in Table 1. First adjust the negative full scale 
(zero for unipolar ranges). This is an offset adjust which trans­
lates the output characteristic, i.e. affects each code by the 
same amount. 

Next adjust positive FS. This is a gain error adjustment, which 
rotates the output characteristic about the negative FS value. 

For the bipolar ranges, this approach leaves an error at the zero 
code, whose maximum value is the same as for integral non­
linearity error. In general, only two values of output may be 
calibrated exactly; all others must tolerate some error. 
Choosing the extreme end points (plus and minus full scale) 
minimizes this distributed err.of for all other codes. 

R3 

FIGURE 2. BIPOLAR VOLTAGE OUTPUT 
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HI-565A 

Settling Time 
This is a challenging measurement, in which the result depends 
on the method chosen, the precision and quality of test equip­
ment and the operating configuration of the DAC (test condi­
tions). As a result, the different techniques in use by converter 
manufacturers can lead to consistently different results. An 
engineer should understand the advantage and limitations of a 
given test method before using the specified settling time as 
a basis for design. 

The approach used for several years at Harris Analog Products 
Division calls for a strobed comparator to sense final perturba­
tions of the DAC output waveform. This gives the LSB a reason· 
able magnitude (8141.1V for the HI-565A), which provides the 
comparator with enough overdrive to establish an accurate 
±1/2 LSB window about the final settled value. Also, the 
required test conditions simulate the DAC's environment for a 
common application - use in a successive approximation AID 
converter. Considerable experience has shown this to be a 
reliable and repeatable way to measure settling time. 

The usual specification is based on a 10V step, produced by 
simultaneously switching all bits from off-to-on (tON) or 
on-to-off (tOFFI. The slower of the two cases is specified, 
as measured from 50% of the digital input transition to the 
final entry within a window of ±1/2 LSB about the settled value. 
Four measurements characterize a given type of OAC: 

(a) tON, to final valu~ +1/2 LSB 
(b) tON, to final value -1/2 LSB 
(c) tOFF, to final value +1/2 LSB 
(d) to FF, to final value -1/2 LSB 

(Cases (b) and (c) may be eliminated unless the overshoot 
exceeds 1/2 LSBI. For example, refer to Figure 3 for the 
measurement of case (dl. 

.. 
9.96k 10NC 

FIGURE 3A. 

PROCEDURE 

As shown in Figure 3B, settling time equals tx plus the compar­
ator delay (to = 15ns). To measure tx, 

• Adjust the delay on generator # 2 for a tx of several 
microseconds. This assures that the OAC output has 
settled to its final value. 

• Switch on the LSB (+5VI. 

• Adjust the VLSB supply for 50 percent triggering at 
COMPARATOR OUT: This is indicated by traces of 
equal brightness on the oscilloscope display as shown in 
Figure 3B. Note DVM reading. 

• Switch the LSB to Pulse (P). 

• Readjust the VLSB supply for 50% triggering as before, 
and note DVM reading. One LSB equals one tenth the 
difference in the 0 VM readings noted above. 

• Adjust the VLSB supply to reduce the DVM reading by 
5 LSB's (DVM reads lOX, so this sets the comparator to 
sense the final settled value minus 1/2 LSBI. Comparator 
output disappears. 

• Reduce generator # 2 delay until comparator output 
reappears, and adjust for "equal brightness". 

• Measure tx from scope as shown in Figure 3B. Settling 
time equals tx + to, i.e. tx + 15ns. 

+3V 

® 
ov 

ov 

@ 

50% DIGITAL -+, __________ 'NPUT 

-1/2 LSB 

I 
DAC 
OUTPUT 

(TURN OFF) -400mV \--4-.J SETILING TIME 

© 

@ 
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HI-565A 

Other Considerations 

GROUNDS 

The HI-565A has two ground terminals, pin 5 (REF GNO) and 
pin 12 (PWR GNO). These should not be tied together near 
the package u.nless that point is also the system signal ground 
to which all returns are connected. (If such a point exists, then 
separate paths are required to pins 5 and 12). 

The current through pin 5 is near-zero OC*; but pin 12 carries 
up to 1.75mA of code - dependent current from bits 1,2, and 
3. The general rule is to connect pin 5 directly to the system 
"quiet" point, usually called signal or analog ground. Connect 
pin 12 to the local digital or power ground. Then, of course, 
a single path must connect the analog/signal and digital/power 
grounds. 

LAYOUT 

Connections to pin 9 (lOUT) on the HI-565A are most critical 
for high speed performance. Output capacitance of the OAC 
is only 20pF, so a small change or additional capacitance may 
alter the op amp's stability and affect settling time. Connections 

Die Characteristics 

Transistor Count 
Die Size 
Thermal Constants; 0 ja 

Ojc 
Tie Substrate to: 
Process: 

to pin 9 should be short and few. Component leads should be 
short on the side connecting to pin 9 (as for feedback capacitor 
C). See the Settling Time section. 

BYPASS CAPACITORS 

Power supply bypass capacitors on the op amp will serve the 
HI-565A also. If no op amp is used, a O.OI/.lF ceramic capacitor 
from each supply terminal to pin 12 is sufficient, since supply 
current variations are small. 

*Current cancellation is a two-step process within the HI-565A in 
which code-dependent variations are eliminated, then the result­
ing DC current is supplied internally. First an auxiliary 9 bit 
R-2R ladder is driven by the complement of the OAC's input 
code. Together, the main and auxiliary ladders draw a continu­
ous 2.25mA from the internal ground node, regardless of input 
code. Part of this DC current is supplied by the zener voltage 
reference, and the remainder is sourced from the positive supply 
via a current mirror which is laser trimmed for zero current 
through the external terminal (pin 5). 

200 
179 x 107 mils 

51 oC!W 
160 C/W 

Ref. Ground 
Bipolar - 01 
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EHARRIS 

Features 
• Very Fast Settling Current .... 75ns (Max) 

Output 

• Minimal Nonlinearity Error @ 250 C: 
HI-5618A •..••..•..•.•... ±1/4LSBMax 
HI-5618B ................ ±1/2 LSB Max 

• Low Power Operation ..... 330mW Typ 

• On-Chip Resistors for Gain and Bipolar 
Offset 

• Guaranteed Monotonic Over 
Temperature 

• CMOS, TTL, or DTL Compatible 

Applications 

• High Speed Process Control 

• CRT Display Generation 

• High Speed AID Conversion 

• Waveform Synthesis 

• High Reliability Applications 

• Video Signal Reconstruction 

Pinout 

+Vps 

CMOS/TTL 

VREF (HII 

-Vps 

BIPOLAR RIN 

lOUT 

10VOLTSPAN 

20VOLTSPAN 

GND 

TOP VIEW 

BIT 1 MSB 

BIT 2 

BIT 3 

BIT 4 

BIT 5 

BIT 6 

BIT 7 

BIT 8 LSB 

VREF (LO) 

HI-5618A15618B 

Description 

8-Bit High Speed 
Digital-to-Analog Converters 

The HI-S618A/B are very high speed 8-bit current output D/A 
converters. These monolithic devices are fabricated with dielectrically 
isolated bipolar processing, which reduces internal parasitic capacitance 
to allow fast rise and fall times. This achieves a typical full scale settling 
time of 7Sns (max) to ±1/2 LSB. Output glitches are minimized by 
incorporation of equally weighted current sources, switched to either an 
R-2R ladder network or ground for symmetrical turn ON and turn OFF 
times. High stability thin film resistors provide excellent accuracy. 
For example, the HI-S618A has ±1/4 LSB maximum nonlinearity 
error at +2S0 C, with ±3/8 LSB guaranteed over the full operating 
temperature range. 

The HI-5618A/B are recommended for any application requiring high 
speed and accurate conversions. They can be used in CRT displays 
and systems requiring throughput rates as high as 20MHz for full scale 
transitions. Other applications include high speed process control, 
defense systems, avionics, and space instrumentation. 

The HI-S618A-S and HI-S618B-S are specified for operation from DoC 
to +7SoC. The "-2" versions are specified from -SSoC to +12SoC. The 
HI-S618A/B is offered in both commercial and military grades. For 
additional Hi-Rei screening, including 160 hour burn-in, specify the 
"-8" suffix. 

Power requirements are +SV and -1SV. The HI-S618A/B is packaged in 
an 18 pin Ceramic DIP. 

Functional Diagram 

CMosrrTL BIT 
GND Vps+ SELECT 1 

9 1 

VREF (LO) 

(LSB) 

• 

CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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Specifications HI-561BA/561B8 

Absolute Maximum Ratings (Referred to Ground) (1) 

Power Supply Inputs 

Reference Inputs 

Oigital Inputs 

Outputs 

Vps+ ............. +20V 
Vps- ............. -20V 
VREF (Hi) ......... ±16.5V 
VREF (Lo) ........... OV 

Bits 1-12 (TTL) ... -lV,+7.5V 
Bits 1-12 (CMOS). .. -IV, Vps+ 
CMOS/TTL Logic Sel-1V, +16.5V 
Pins 5, 7, 8 .......... ±Vps 
Pin 6 ......... +Vps, -2.5V 

Junction Temperature ................... 1750 C 

Operating Temperature Range 
HI-5618A/B-2 ................ -550 C to +125 0 C 
HI-5618A/B-5 .................. OOC to +75 0 C 
HI-5618·A/B-B ............... -550C to +125 0C 

Storage Temperature Range ......... -650 C to +1500C 

Electrical Specifications (Vps+; +5V; Vps-; -15V; VREF ; +10V; Pin 2 to GNO, unless otherwise specified.) 

HI-561BA/B-2 
H 1-5618A/B-B HI-561BA/B-5 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Digital Inputs (2) 
TTL Logic Input Voltage (3) Logic "I" Full 2.0 2.0 V 

Logic "0" Full 0.8 O.B V 

TTL Logic Input Current Logic "I" Full 500 500 nA 
Logic "0" Full -100 -100 fJA 

CMOS Logic Input Voltage (4) Logic ''I'' Full 0.7Vps+ 0.7Vps+ V 
Logic "0" Full 0.3V ps+ 0.3Vps+ V 

CMOS Logic Input Current Logic "I" Full 500 500 nA 
Logic "0" Full -100 -100 fJA 

Reference Input 
I nput Resistance +250C BK 8K n 
Input Voltage (lOUT; 5mA ± 20%) +250C +10 +10 V 

TRANSFER CHARACTERISTICS 

Resolution Full Bits 

Nonlinearity, Integral and HI-561BA 250C .± 1/4 .±.1/4 LSB 
Differential Full ±3/B ±3/B LSB 

HI-561BB 250C ± 1/2 .±.1/2 LSB 
Full ±5/B :t.5/8 LSB 

Initial Accuracy (6) 
(Relative to External +10V Reference) 

Gain 250C ±2 .:!:2 LSB 
~ nipolar Zero 250 C .:!: 118 .:!: I/B LSB 
Bipolar Offset (Neg. Full Scale) 250C .:!:2 :!:.2 LSB 

Temperature Stability 
Gain Drift Full ± 1/4 .±.1/4 LSB 
Unipolar Zero Drift Full ±. 1/16 .±. 1/16 LSB 
Bipolar Zero Drift Full .:!: 1/4 ±. 1/4 LSB 

Settling Time (5) to 1/2 LSB 
High Impedance (11) (from all O's to all l's) +250C 65 75 65 75 ns 

or (from all l's to all O's) 
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Specifications HI-561BA/561B8 

HI-561SA/B-2 
HI-561SA/B-S HI-561SA/B-5 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

TRANSFER CHARACTERISTICS (Continued) 

Glitch (5) - Maior Carry Transition 
Duration +25 0 C 20 20 ns 
Amplitude (See Fig. 4) +250 C 350 350 rnV 
Area +250 C 3500 3500 mV-ns 

Power Supply Sensitivity (5) 
Vps+=+5V, Vps-= -13.5Vto-16.5V 

Gain !Input Code 11 ... 1) +250 C .i5 ±5 
Unipolar Zero !I nput Code 00 ... 0) +250 C :t 0.5 .i0.5 pprn of 
Bipolar Offset !Input Code 00 ... 0) +250 C :':: 1.5 ± 1.5 FSR/% Vps 

(9) 
Vps- = -15V, Vps+ = 4.5V to 5.5V 

Gain !Input Code 11 ... 1) +25 0 C ±5 ±5 
Unipolar Zero !Input Code 00 ... 0) +250 C ±0.5 ±0.5 
Bipolar Offset (Input Code 00 ... 0) +250 C ±1.5 ± 1.5 

OUTPUT CHARACTERISTICS 

Output Current Unipolar +250 C -4 -5 -6 -4 -5 -6 rnA 
Bipolar +25 0 C ±2.0 ±2.5 !3.0 !2.0 ±2.5 ±3.0 rnA 

Output Resistance +250 C 500 500 S1 

Output Capacitance +250 C 20 20 pF 

Output Voltage Range (7) Unipolar +250 C +10 +10 V 
+25 0 C +5 +5 V 

Bipolar +25 0 C ± 10 ± 10 V 
+250 C ±.5 ±5 V 
+25 0 C 1: 2.5 ±'2.5 V 

Output Compliance Voltage (5) +25 0 C .±. 1.5 .±. 1.5 V 

Output Noise Voltage (S) O.lHz to 100Hz +250 C 30 30 f.LVp-p 
O.lHzto lMHz +25 0 C 100 100 f.LVp-p 

POWER REQUIREMENTS (4) 

Vps+ Full 4.5 5 16.5 4.5 5 16.5 V 

Vps- Full -13.5 -15 -16.5 -13.5 -15 -16.5 V 

Ips+ (10) (AliI's or all O's in either +250 C 9 9 rnA 
TTL or CMOS mode) (3,4) Full 12 12 rnA 

Ips- (10) (AliI's or all O's in either +250 C 19 19 rnA 
TTL or CMOS mode) (3,4) Full 26 26 rnA 

1. Absolute maximum ratings are limiting values, applied indiv- 6. These errors may be adjusted to zero using external potentio-
idually, beyond which the serviceability of the circuit may be meters R1, R2, R3' R 1 and R2 each provide more than ± 3 
impaired. Functional operation under any of these conditions LSS's adjustment. (See 0 perating Instructions). The specifi-
is not necessarily implied. cations listed under initial accuracy are based on use of an 

external ap amp, internal span and offset resistors, and 100 n 
2. The H 1-5618 accepts digital input codes in binary format .!. 1 % resistors, in place of R 1 and A2' 

and may be user connected for anyone of three binary codes. 
Straight binary. offset binary, or two's complement binary. 7. Using an external op amp with the internal span and offset 
(See operating instructions) resistors. See Operating Instructions. 

3. For TTL and DTL compatibility connect +SV to pin 1 and 8. Specified for all "1 's" or all "O's" digital input. 
ground pin 2. The V ps+ tolerance is ±. 10% for HI-5618A/8 
-2. -8; and ± 5% for HI-5618A/B-5. 9. FSR is "Full Scale Range", i.e., 20V for'±' 10V range; 10V 

for ± 5V range, etc. Nominal full scale output current is SmA. 
4. For CMOS compatibility based on V ps+ ~ 9.5V, (switching 

thresholds equal V ps+/2), connect pins 1 and 2. For CMOS 10. After 30 seconds warm-up, 
levels below 9.5V, connect pin 2 to ground only (thiS provides 
a threshold of approximately +1.4V). 11. See Test Circuit, Figure 3. 

5. See definitions. 12. See Test Circuit, Figure 4. 
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HI-5618A15618B 

Definitions of Specifications 

ACCURACY 

INTEGRAL NONLINEARITY - The maximum deviation of the 
actual transfer characteristic from an ideal straight line. The ideal 
line is positioned according to "end-point linearity" for D/A 
converter products from Harris Semiconductor, i.e. the line is 
drawn between the end-points of the actual transfer characteristic 
(codes 00 ... 0 and 11. .. ll. 

DIFFERENTIAL NONLINEARITY - The difference between one 
lSB and the output voltage change corresponding to any two 
consecutive codes. A Differential Nonlinearity of ±1 lSB or les$ 
guarantees monotonicity. 

MONOTONICITY - The property of a D/A converter's transfer 
function which guarantees that the output derivative will not 
change sign in response to a sequence of increasing (or decreasing) 
input codes. That is, the only output response to a code change is 
to remain constant, increase for increasing code, or decrease for 
decreasing code. 
GAl N DR I FT - The change in full scale analog output over the 
specified temperature range expressed in fractional lSB's, or parts 
per million of full scale range per oC (ppm of FSR/oC). Gain error 
is measured with respect to +250C at high (TH) and low (TLl 
temperatures. Gain drift is calculated for both high (TH -250C) and 
low ranges (+250C -TLl by dividing the gain error by the respective 
change in temperature. The specification is the larger of the two 
representing worst case drift. 

ZERO DRIFT - The change in analog output with all bits OFF 
over the specified temperature range expressed in parts per million 
of full scale range per oC (ppm of FSR/OC). Zero error is measured 
with respect to +250 C at high (TH) and low (Tl) temperatures. 
Zero Drift is calculated for high (TH -250 C) and low (+250 C 
-TLl ranges by dividing the offset error by the respective change 
in temperature. The specification given is the larger of the two 
representing worst case drift. 

Operating Instructions 
DECOUPLING AND GROUNDING 

For best accuracy and high speed performance, the grounding 
and decoupling scheme shown in Figure 1 should be used. Decoup­
ling capacitors should be connected close to the HI-5618A!B; 
preferably to the device pin. A solid tantalum or electrolytic cap­
acitor in parallel with a smaller ceramic type is recommended. 

CMOS/TTL 
LOGIC SELECT 
SEE NOTE 3,4 

UNIP9t.AR AND BIPOLAR VOLTAGE 
OUTPUT CONNECTIONS 

Make connections as shown in the table and Figure 2, for five 
standard output ranges: 

SETTLING TIME 

Settling time is the time required for the output to settle to within 
the specified error band for any input code transition. It is usually 
specified for a full scale transition. D/ A settling time may vary 
depending upon the impedance level being driven. A comparator 
presents a high impedance, while an op amp connected for current 
to voltage conversion presents a low impedance. Figure 3a shows 
the test circuit used for testing the HI-5618A!B for TS (OFF) 
into a high impedance. 

GLITCH 

A glitch on the output of a O/A converter is a transient spike result­
ing from unequal internal ON-OFF switching times. Worst case 
glitches usually occur at half-scale or the major carry code trans­
ition from 011. .. 1 to 100 ... 0 or vice versa. For example, if turn 
ON is greater than turn OFF for 100 ... 1 to 100 ... 0, an inter­
mediate state of ODD ... 0 exists, such that, the output momentarily 
glitches toward zero output. In general, when a D/A is driven by a 
set of external logic gates, the unmatched turn on - turn off times 
at the gates will add to the glitch problem. See Figure 4. 

POWER SUPPLY SENSITIVITY 

Power Supply Sensitivity is a measure of the change in gain and 
offset of the O/A converter resulting from a change in the +5V or 
-15V supplies. It is specified under DC conditions and expressed 
as parts per million of full scale range per percent of change in 
power supply (ppm of FSR/%). 

COMPLIANCE 

Compliance Voltage is the maximum output voltage range that can 
be tolerated and still maintain its specified accuracy. Compliance 
limit implies functional operation only and makes no claim to 
accuracy. 

CONNECTIONS 

OUTPUT PIN 5 PIN 7 PIN S SIAS 
RANGE TO TO TO RESISTOR RS 

Unipolar Oto+l0V NC A NC 400D. 
Mode o to +5V NC A 6 330D. 

Bipolar ;: 10V 0 NC A 400D. 
Mode ± 5V 0 A NC 360D. 

± 2.5V 0 A 6 310 D. 

SIP. OFFSET ADJ, 

FIGURE 2 
* Used in Bipolar Mode only. 
tUsed in Unipolar Mode only. OFFSET 

ADJUST 
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HI-5618A156188 

Operating Instructions 

The HI-5618A1B accepts an 8 bit digital word in Straight Binary 
code. In the bipolar mode this code becomes Offset Binary. Also in 
bipolar mode, the MSB may be complemented using an external 

11 
10 
01 
00 

11 
10 
01 
00 

UNIPOLAR -STRAIGHT BINARY 
OV TO +10V OUTPUT RANGE 

DIGITAL 
INPUT ANALOG OUTPUT 

.... . 1 FS - 1 LSB = 9.96094V 

.... . 0 Y,FS = 5.00000V 

.... . 1 Y,FS - 1 LSB = 4.96094V 

.... . 0 Zero = O.OOOOOV 

UNIPOLAR - STRAIGHT BINARY 
OV TO +5V OUTPUT RANGE 

DIGITAL 
INPUT ANALOG OUTPUT 

.... . 1 FS - 1 LSB = 4.98047V 

.... . 0 Y,FS = 2.50000V 

.... . 1 Y,FS - 1 LSB = 2.48047V 

..... 0 Zero = O.OOOOOV 

Output Accuracy of the HI-5618A1B is affected directly by the ref­
erence voltage, since 10(F/S}~4 (VREF/8kU). For precision per­
formance, a stable +10V reference with low temperature coefficient 
is recommended. 

The output current may be converted to voltage using an external 
op amp with the internal span and offset resistors, as shown above 
in the table. The op amp should have good front end temperature 
coefficients. For example, the HA-2600/2605 is well suited to this 
application, with offset voltage aoo offset current tempco's of 

CALIBRATION (See Figure 2) 

UNIPOLAR MODE-

1. Apply zero (all O's) input, and adjust R3 for OV output. 
2. Apply full scale (all 1 's) input, and adjust R 1 for: 

+9.96094 Volts, +10 Volt range 
+4.98047 Volts, +5 Volt range 

BIPOLAR MODE-

1. Apply negative full scale (also called bipolar offset): All 
O's for offset binary; 1000 .... for 2's complement. Adjust 
R2 for output voltages as follows: 
-10 Volts, ±10 Volt Range 
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inverter to obtain 2's complement code. Here are the correct 
outputs for some key input codes: 

BIPOLAR - OFFSET BINARY 
±'10V OUTPUT VOLTAGE RANGE 

OIGITAL 
INPUT ANALOG OUTPUT 

11 ..... 1 +FS -1 LSB = +9.92188V 
10 ..... 0 Zero = +O.OOOOOV 
01 ..... 1 Zero -1 LSB = -0.07813V 
00 ..... 0 -FS = -10.0000V 

BIPOLAR - TWO'S COMPLEMENT ** 
1. 10V OUTPUT VOLTAGE RANGE 

DIGITAL 
INPUT ANALOG OUTPUT 

01 ..... 1 +FS - 1 LSB = +9.92188V 
00 ..... 0 Zero = +O.OOOOOV 
11 ..... 1 Zero - 1 LSB = -0.07813V 
10 ..... 0 -FS = -10.0000V 

** Invert MSB with external inverter to obtain 
two's complement coding. 

5 ". V/oC and lnA/oC, respectively. The input reference resistor 
(7 .9kU ) and bipolar offset resistor (3.9kU) are both intentionally 
set low by 100 U to allow the user to externally trim out initial 
errors to a high degree of precision. 

For high speed voltage output applications where fast settling is 
required, the HA-2510/25 is recommended for settling times better 
than 250ns to 1/2 LSB. The HA-5190/95 is recommended for app­
lications reqlJiring settling times less than 150ns. (See Applications). 

-5 Volts, 
-2.5 Volts, 

.± 5 Volt Range 
±2.5 Volt Range 

2. Apply positive full scale (all I's for offset Binary; 0111. ... 
for 2's complement) Adjust R 1 for output voltages as follows: 
+9.92188 Volts, .± 10 Volt Range 
+4.96094 Volts, 1.5 Volt Range 
+2.48047 Volts, ±2.5 Volt Range 

3. Apply zero input (1000 .... for offset Binary; 0000 .... 
for 2's complement). Output should be zero volts. Any 
error is due to nonlinearity in the DAC, and cannot be 
nulled without disrupting the calibration in steps 2 and 3. 

£D 
CO ,.. 
CD 
II) 

< CO ,.. 
CD 
II) 

..!. 
l: 



HI-561BA/561B8 

Test Circuits 

SETTLING TIME 

Turn-off settling time (TS(OFF)) is somewhat longer than TS(ON) 
for the HI-5618. Typical TS(OFF) performance is shown in Figure 
3C, using the circuit of Figure 3A. 

Refer to Figure 3B; Settling time following turn-off equals TX 
plus TO. The comparator delay TO may be measured at 1 mV Icm, 
using a Tektronix 7A 13 differential comparator or equivalent. 
Then, TX is easily measured in a short procedure: 

• Adjust delay on generator # 2 for TX approximately 1~ s 

• Switch the LSB to +5V (ON). 

• Adjust the VLSB supply for 50 percent triggering at CaMP. 
a UT (equal brightness). 

• OVM reads -1 LSB. Adjust VLSB supply so DVM reads 
-1/2 LSB. 

• Switch the LSB to P (pulse); CaMP. OUT pulse disappears. 

• Reduce generator#2 delay until CaMP. OUT pulse reappears; 
adjust delay for "equal brightness". 

• Measure TX from scope. (Any overshoot will be less than 
1/2 LSB, so it is not necessary to examine the other side of the 
envelope, i.e. final value plus 1/2 LSB,) 

16 3.9k 7 NC 

1 LSB 

1/2 LSB 

1/4 LSB 

1/8 LSB 

"'6 LSB 

+3V 

® 
OV 

OV 

® 
(TURN OFF) -400mV 

TX 

+3V 

© 
OV 

+3V 
@ 

ov 

50 75 100 

FIGURE 3A 

50% DIGITAL 
INPUT 

OAe 
OUTPUT 

To = COMPARATOR DELAY 

FIGURE 38 

125 150 

NANOSECONDS 

FIGURE3C 
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Test Circuits 

4V n 
OV---.J L 

Applications 

I 30PF 

HI-5S1S 

Die Characteristics 

HI-561BA/561B8 

OUTPUT GLITCH MEASUREMENT 

+5V +5V 

LSB 

lOUT 
(Zo· 
500rll 

* ADJUST 500nTRIMMER SO THAT INPUT SIGNALS 
CROSS THEIR RESPECTIVE SWITCHING THRESHOLDS 
AT THE SAME TIME. 

FIGURE 4 

HIGH SPEED VOLTAGE OUTPUT 

~V~ __________ -, +15V 

~1/o1F 

2k 

5mA~+-__ ~ ____ ~~-t~~ 

-15V , 
MATCHEO DUAL N-FET. 

MICRO POWER SYSTEMS MP-835 
OR EQUIVALENT 

• NOMINAL VALUE. SELECTED FOR OPTIMUM STEP RESPONSE. 

Transistor Count 
Die Size: 
Thermal Constants; 0 ja 

Ojc 
Tie Substrate to: 
Process: 
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Features 

• MONOLITHIC CONSTRUCTION 

• FAST SETTLING (TO ±112 LSB) 500ns 

• ±1/2 LSB MAX. NONLINEARITY GUARANTEED OVER 
TEMPERATURE 

• INTERNAL CANCELLATION OF GROUND CURRENT 

• EXCELLENT POWER SUPPLY REJECTION 

• LOW COST 

Applications 

• HIGH SPEED AID CONVERTERS 

• CRT DISPLAYS 

• WAVEFO RMSYNTH ESIS 

Pinout 

TOP VIEW 
24 LEAD DIP 

Ippm/%PS 

VCC BIT 1 (MSBIIN 

N.C. BIT21N 

ANALOG GNO BIT 31N 

AMPJSUUN~~:~~ BIT 41N 

VREF (HIINI BIT 51N 

VEE BIT SIN 

BIPOLAR R IN BIT liN 

N.C. BIT SIN 

IOAC OUT BIT SIN 

10V SPAN R BIT 10 IN 

20V SPAN R BIT lllN 

OIGITALGNO -.... _____ ..z- BIT 12 (LSBIIN 

HI·5660/5660A 

Description 

High Speed Monolithic 
Digital-to-Analog Converter 

The H 1-5660 is a current output, 12 bit monolithic digital-to­
analog converter. It offers high speed plus enhanced accuracy, 
through internal cancellation of ground currents. 

Fabrication of the HI-5660 features the Harris bipolar dielectric 
isolation process, which eliminates latchup and minimizes parasitic 
capacitance and leakage currents. The chip includes nichrome 
thin-film resistors, laser trimmed at the wafer level to a maximum 
linearity error of ±1/4 LSB at +250 C. 

Near zero current in the Analog Ground terminal simplifies use of 
the HI-5660 by minimizing noise and offsets between the package 
and the system analog ground. This is accomplished by adding a 
complement current to the internal ground from an auxiliary 
R-2R ladder, and then supplying the resultant DC current from the 
positive power supply. 

Electrical performance is similar to that of the AD566A. Pinouts 
are identical except for pin I, wh ich requires a +5V supply (versus 
no connection on the AD566Al. 

The HI-5660 is offered in two accuracy grades each for the com­
mercial and military temperature ranges. Package is a 24 pin cer­
amic DIP, and power requirements are ± 12V to +15V. 

Functional Diagram 

BIPOLAR R IN 

7 2DV 
11 SPAN R 

5K 
AMP 

SUMMING 4 
lDV JUNCTION 9.96K 

5 10 SPAN R 

VREF 5K 
fHIIN) 

IOAC 
• OUT 

ANALOG 3 
3.0K 2.5K 

OND 

IN 
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Specifications HI-5660/5660A 

Absolute Maximum Ratings t 

Vee to Power Ground 

VEE to Power Ground 

Voltage on OAe Output (Pin 9) 

Digital Inputs (Pins 13-24) to Power Ground 

Ref In to Reference Ground 

Bipolar Offset to Reference Ground 

OVto+1BV 

OV to -18V 

-3V to +12V 

-IV to +7.0V 

±12V 

±12V 

10V Span R to Reference Ground 

20V Span R to Reference Ground 

Junction Temperature 

Operating Temperature Ranges 

±12V 

±24V 

1750e 

HI-5660/A-2,-B .•............ -550 e to +1250 e 

HI-5660/A-5 .•..•.•.•....•.•.. oDe to +750e 

Storage Temperature Range ......•.• -650e to +1500 e 
tAbsolute maximum ratings are limiting values beyond which the serviceability of the circuit may be impaired. 

Electrical Specifications (TA = +250 e, Vee = +15V, VEE = -15V, VREF = 10V, unless otherwise specified) 

HI-5660-5 HI-5660A-5 

MODEL MIN TYP MAX MIN TYP MAX UNITS 

DATA INPUTS (Note 1) (Pins 13 to 24) 

TTL or 5V CMOS (TMIN to TMAX) 
Input Voltage 

Bit ON Logic "1" 2.0 5.5 2.0 5.5 V 
Bit OFF Logic "0" 0.0 O.S 0.0 O.S V 

Logic Current (Each Bit) 
Bit ON Logic "1" 2 10 2 10 JlA 
BitOFF Logic "0" -10 -50 -10 -50 JlA 

RESOLUTION 12 12 Bits 

OUTPUT 

Current Unipolar (All Bits On) -1.6 -2.0 -2.4 -1.6 -2.0 -2.4 mA 
Bipolar (All Bits on or Oft) to.S t1.0 ±1.2 ±O.S ±.1.0 ±1.2 mA 

Resistance (Exclusive of Span Resistors) 2.0K 2.5K 3.0K 2.0K 2.5K 3.0K n 
Offset Unipolar .01 ·95 .01 .05 % of FS 

Bipolar (figure 2, R3 = 
50n Fixed) .05 .15 .05 0.10 %ofFS 

Capacitance 25 25 pF 
Compliance Voltage, TMIN to TMAX -3 +12 -3 +12 V 

ACCURACY (Error Relative to 
Full Scale) 

+250C ±1/4 ±1/2 ±l/S ±1/4 LSB 
(0.006) (0.012) (0.003) (0.006) % of FS 

TMIN to TMAX ±1/2 t3/4 ±1/4 ±1/2 LSB 
(0.012) (O.OlS) (0.006) (0.012) % of FS 

OIFFERENTIAL NONLINEARITY 

+250 C ±1/2 ±3/4 ±1/4 '±1/2 LSB 

TMIN to TMAX MONOTONICITY GUARANTEED (±1 LSB MAX) 

TEMPERATURE COEFFICIENTS 

Unipolar Zero 2 2 ppm/oC 
Bipolar Zero 10 10 ppm/oC 
Gain (Full Scale) 10 10 ppm/oC 
Differential Nonlinearity 6 2 ppm/oC 

SETTLING TIME TO 1/2 LSB 

With 500 External Load 500 500 ns 
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Specifications HI-5660/5660A 

HI-5660-5 HI-5660A-5 

MOOEL MIN TYP MAX MIN TYP MAX UNITS 

TEMPERATURE RANGE 

Operating 0 +75 0 +75 oe 
Storage -25 +150 -25 +150 oe 

POWER REQUIREMENTS 

Vcc, +4.5V to +16.5VoC 7 12 7 12 rnA 
VEE, -11.4 to -IS.5VoC -13 -17 -13 -17 rnA 

POWER SUPPLY GAIN SENSITIVITY 
(Note 3) 

Vcc = +4.5 to +16.5Voc ; VEE = -15V 1 10 1 10 ppm of FS/% 
VEE = -11.4 to -16.5Voe ; Vec = +15V 1 10 1 10 ppm of FS/% 

PROGRAMMABLE OUTPUT o to +5 o to +5 V 
RANGES (See Table 1) -2.5 to +2.5 -2.5 to +2.5 V 

o to +10 Oto+l0 V 
-5 to +5 -5 to +5 V 

-10to+l0 -10to+l0 V 

EXTERNAL AOJUSTMENTS 

Gain Error with Fixed 50n Resistor 
for R2 (Figure 1) IO.l iO.25 iO.l iO.25 % of FS 

Bipolar Zero Error with Fixed 50n 
Resistor for R3 (Figure 2) IO.05 IO.15 iO.05 ±0.1 % of FS 

Gain Adjustment Range (Figure 1) to.25 to.25 % of FS 
Bipolar Zero Adjustment Range (Fig. 2) ±0.15 iO.15 % of FS 

REFERENCE INPUT 

Input Impedance 16K 20K 24K 16K 20K 24K n 

POWER OISSIPATION 230 330 230 330 mW 

MUL TlPLYING MOOE PERFORMANCE 
(All Models) 

Quadrants Two (2): Bipolar Operation at Oigitallnput Only. 
Reference Voltage Unipolar: +10V Max,+2V Min. 
Accuracy 10 Bits (±0.05% of Reduced F.S.) for 2VOC Reference Voltage. 
Reference Feedthrough (Unipolar Mode, 

All Bits OFF, and +2V to +10V (p-p), 
Sinewave Frequency for 1/2 LSB 
(p-p) Feedthrough) 22kHz Typical 

Output Slew Rate 10%-90% 1.3mAlils 
90%-10% 1.3mA/Ils 

Output Settling Time (All Bits ON and a 
+2V to +10V Step Change in Reference 
Voltage) 1.5IJS to 0.01% F .S. 

CONTROL AMPLIFIER 

Full Power Bandwidth (+10V to +3V) 200 200 kHz 
Small Signal Closed-Loop Bandwidth 2.4 2.4 MHz 

NOTES: 
1. The Oigitallnput Leveis are Guaranteed but not Over the Temperature Range. 
2. See Settling Time Section. 
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Specifications HI-5660/5660A 

Electrical Specifications (TA = +250 e, Vee = +15V, VEE = -15V, unless otherwise specified.) 

HI-5660-2, HI-5660A-2, 
HI-5660-S HI-5660A-S 

MODEL MIN TYP MAX MIN TYP MAX 

DATA INPUTS (Note 1) (Pins 13 to 24) 

TTl or 5V CMOS (TMIN to TMAX) 
Input Voltage 

Bit ON Logic "I" 2.0 5.5 2.0 5.5 
Bit OFF Logic "0" 0.0 O.S 0.0 O.S 

Logic Current (Each Bit) 
BitON Logic "I" 2 10 2 10 
Bit OFF Logic "0" -10 -50 -10 -50 

RESOLUTION 12 12 

OUTPUT 

Current Unipolar (All Bits 011) -1.6 -2.0 -2.4 -1.6 -2.0 -2.4 
Bipolar (All Bits on or Off) ±O.S ±1.0 ±1.2 ±D.S ±.1.0 ±1.2 

Resistance (Exclusive of Span Resistors) 2.0K 2.5K 3.0K 2.0K 2.5K 3.0K 
Offset Unipolar .01 .05 .01 .05 

Bipolar (Figure 2, R3 = 
son Fixed) .05 .15 .05 .10 

Capacitance 25 25 
Compliance Voltage, TMIN to TMAX -3 +12 -3 +12 

ACCURACY (Error Relative to 
Full Scale) 

+250C ±1/4 ±1/2 ±1IS ±1/4 
(0.006) (0.012) (0.003) (0.006) 

TMIN to TMAX ±1/2 ±3/4 ±.1/4 ±1/2 
(0.012) (O.OlS) (0.006) (0.012) 

DIFFERENTIAL NONLINEARITY 

+250 C ±1/2 ±3/4 ±1/4 .±1/2 

TMIN to TMAX MONOTONICITY GUARANTEED (±1 LSB MAX) 

TEMPERATURE COEFFICIENTS 

Unipolar Zero 1 2 1 2 
Bipolar Zero 5 10 5 10 
Gain (Full Scale) 7 10 7 10 
Differential Nonlinearity 2 6 2 2 

SETTLING TIME TO 1/2 LSB 

With SOn. External Load 500 500 
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UNITS 
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Specifications HI-5660/5660A 

HI-5660-2, HI-5660A-2, 
HI-5660-8 HI-5660A-8 

MODEL MIN TYP MAX MIN TYP MAX UNITS 

TEMPERATURE RANGE 

Operating -55 +125 -55 +125 oc 
Storage -65 +150 -65 +150 oC 

POWER REQUIREMENTS 

VCC, +4.5V to +16.5VDC 7 12 7 12 mA 
VEE, -11.4 to -16.5VDC -13 -17 -13 -17 mA 

POWER SUPPLY GAIN SENSITIVITY 

VCC - +4.5 to +16.5VDC; VEE - -15V 1 10 1 10 ppm of FS/% 
VEE--l1.4to-16.5VDC; VCC-+15V 1 10 1 10 ppm of FS/% 

PRDGRAMMABLE OUTPUT o to +5 o to +5 V 
RANGES (See Table 1) -2.5 to +2.5 -2.5 to +2.5 V 

o to +10 o to +10 V 
-5 to +5 -5 to +5 V 

-10to+l0 -10to+l0 V 

EXTERNAL ADJUSTMENTS 

Gain Error with Fixed 50n Resistor 
for R2 (Figure 1) ±0.1 to.25 to.l to.25 % of FS 

Bipolar Offset Error with Fixed 50rl. 
Resistor for R3 (Figure 2) ±0.05 to.15 to.05 ±0.1 % of FS 

Gain Adjustment Range (Figure 1) to.25 to.25 % of FS 
Bipolar Offset Adjustment Range (Fig. 2) ±0.15 to.15 % of FS 

REFERENCE INPUT 

I nput Impedance 16K 20K 24K 16K 20K 24K n 

POWeR DISSIPATION 230 330 230 330 mW 

MULTIPLYING MODE PERFORMANCE 
(All Models) 

Quadrants Two (2): Bipolar Operation at Digital Input Only. 
Reference Voltage Unipolar: +10V Max,+2V Min. 
Accuracy 10 Bits (±0.05% of Reduced F.S,) for 2VDC Reference Voltage. 
Reference Feedthrough (Unipolar Mode, 

All Bits 0 FF, and +2V to +1 OV (p-p), 
Sinewave Frequency for 1/2 LSB 
(p-p) Feedthrough) 22kHz Typical 

OutPUt Slew Rate 10%-90% 1.3mAlils 
90%-10% 1.3mAIIls 

Output Settling Time (All Bits ON and a 
+2V to +10V Step Change in Reference 
Voltage) 1.5/lS to 0.01% F .5. 

CONTROL AMPLIFIER 

Full Power Bandwidth (+10V to +3V) 200 200 kHz 
Small Signal Closed-Loop Bandwidth 2.4 2.4 MHz 

NOTES: 
1. The Digital Input Levels are Guaranteed but not Tested Over the Temperature Range. 
2. See Settling Time Section. 
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Definitions of Specifications 

DIGITAL INPUTS 

The HI-5660 accepts digital input codes in binary format and 
may be user connected for anyone of three binary codes: 
Straight Binary, Two's Complement*, or Offset Binary (See 
Operating Instructions)' 

OIGITAL 
INPUT 

MSB ... LSB 
000 ... 000 
100 ... 000 
111...111 
011...111 

Straight 
Binary 

Zero 
14FS 

+FS -1 LSB 
14FS - 1 LSB 

ANALOG OUTPUT 

Offset 
Binary 

-FS (Full Scale) 
Zero 

+FS - 1 LSB 
Zero - 1 LSB 

Two's 
Complement* 

Zero 
-FS 

Zero - 1 LSB 
+FS - 1 LSB 

*Invert MSB with external inverter to obtain Two's 
Complement Coding 

ACCURACY 

INTEGRAL NONLINEARITY - The maximum deviation of 
the actual transfer characteristic from an ideal straight line. 
The ideal line is positioned according to "end-point linearity" 
for DIA converter products from Harris Semiconductor, i. e. 
the line is drawn between the end-points of the actual transfer 
characteristic (codes 00 ... 0 and 11. .. 1). 

DIFFERENTIAL NONLINEARITY - The difference between 
one LSB and the output voltage change corresponding to any 
two consecutive codes. A Differential Nonlinearity of ±1 LSB 
or less guarantees monotonicity. 

MONOTONICITY - The property of a DIA converter's transfer 
function which guarantees that the output derivative will not 
change sign in response to a sequence of increasing (or de­
creasing) input codes. That is, the only output response to a 
code change is to remain constant, increase for increasing code, 
or decrease for decreasing code. 

SETTLING TIME 

That interval between application of a digital step input, and 
final entry of the analog output within a specified window 
about the settled value. Harris Semiconductor usually specifies 
a unipolar 10V full scale step, to be measured from 50% ofthe 

Applying the HI-5660 

OP AMP SELECTION 

The HI-5660's current output may be converted to voltage 
using the standard connections shown in Figures 1 and 2. The 
choice of operational amplifier should be reviewed for each 
application, since a significant trade-off may be made between 
speed and accuracy. 

For highest precision, use an HA-5130. This amplifier contri-

input digital transition, and a window of ±1/2 LSB about the 
final value. The device output is then rated according to the 
worst (longest settling) case: low to high, or high to low. 

DRIFT 

GAIN 0 RIFT - The change in full scale analog output over the 
specified temperature range expressed in parts per million of 
full scale range, per oC (ppm of FSR/oC). Gain error is meas­
ured with respect to +250 C at high (TH) and low (TLl temp­
eratures. Gain drift is calculated for both high (TH -250 C) and 
low ranges (+250C -TL) by dividing the gain error by the respec­
tive change in temperature. The specification is the larger of 
the two representing worst case drift. 

OFFSET DRIFT - The change in analog output with all bits 
OFF over the specified temperature range expressed in parts 
per million of full scale range per oC (ppm of FSR/OC). Offset 
error is measured with respect to +250C at high (TH) and low 
(T Ll temperatures. Offset Drift is calculated for both high 
(TH -250 C) and low (+250 C -IL) ranges by dividing the offset 
error by the respective change in temperature. The specification 
given is the larger of the two, representing worst-case drift.· 

POWER SUPPLY SENSITIVITY 

Power Supply Sensitivity is a measure of the change in gain and 
offset of the D/A converter reSUlting from a change in -15V 
or +15V supplies. It is specified under DC conditions and 
expressed as parts per million of full scale range per percent of 
change in power supply (ppm of FSR/%). 

COMPLIANCE 

Compliance Voltage is the maximum output voltage range that 
can be tolerated and still maintain its specified accuracy. Com­
pliance Limit implies functional operation only and makes no 
claims to accuracy. 

A glitch on the output of a D/A converter is a transient spike 
reSUlting from unequal internal ON-OFF switching times. Worst 
case glitches usually occur at half-scale or the major carry 
code transition from 011 ... 1 to 100 ... 0 or vice versa. For ex­
ample, if turn ON is greater than turn OFF for 011 ... 1 to 
100 ... 0, an intermediate state of 000 ... 0 exists, such that, the 
output momentarily glitches toward zero output. Matched 
switching times and fast switching will reduce glitches 
considerably. 

butes negligible error, but requires about l1J.Ls to settle within 
±o.I% following a 10V step. 

The Harris Semiconductor HA-2600 is the best all-around choice 
for this application, and it settles in 1.51JS (also to ±0.1% follow­
ing a 10V step). Remember, settling time for the OAC-amplifier 
combination isVtD2 + tA2, where to, tA are settling times for 
the DAC and amplifier. 
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HI-5660/5660A 

Applying the HI-5660 (Continued) 

TABLE 1. OPERATING MODES AND CALIBRATION 

CIRCUIT CONNECTIONS: CALIBRATION: 

OUTPUT PIN10 PIN 11 RESISTOR APPLY TO SET 
MOOE RANGE TO TO (R)* INPUT COOE ADJUST Vo 

Unipolar o to +jov Vo Pin 10 1.43K All D's Rl OV 
(See Fig. 1) AliI's R2 +9.99756V 

o to +5V Vo Pin 9 1.1K All D's Rl OV 
AliI's R2 +4.99878V 

Bipolar ±10V NC Vo 1.69K All O's R3 -10V 
(See Fig. 2) AliI's R4 +9.99512V 

±5V Vo Pin 10 1.43K All D's R3 -5V 
AII1's R4 +4.99756V 

±2.5V Vo Pin 9 1.1K All D's R3 -2.5V 
AliI's R4 +2.49878V 

*Many op amps do not require this resistor, since a bias current of aDnA produces a worst case output 
error of only 100/N. For a low bias current amplifier,connect its non-inverting input directly to ground. 

NO-TRIM OPERATION 

The H 1-5660 will perform as specified without calibration 
adjustments. To operate without calibration, substitute 50 n 
resistors for the lOOn trimming potentiometers: In Figure 1 
replace R2 with 50n ; also remove the network on pin 7 and 
connect 50 n to ground. For bipolar operation in Figure 2, 
replace R3 and R4 with 50n resistors. 

With these changes, performance is guaranteed as shown under 
Specifications, "External Adjustments". Typical unipolar 
zero will be ±1/2 LSB plus the op amp offset. 

When using wide bandwidth op amps, the feedback capacitor C 
may be selected to minimize settling time. 

CALIBRATION 

Calibration provides the maximum accuracy from a converter 
by adjusting its gain and offset errors to zero. For the HI-5660, 

FIGURE 1. UNIPOLAR VOLTAGE OUTPUT 

these adjustments are similar whether the current output is 
used, or whether an external op amp is added to convert this 
current to a voltage. Refer to Table 1 for the voltage output 
case, along with Figure 1 or 2. 

Calibration is a two step process for each of the five output 
ranges shown in Table 1. First adjust the negative full scale 
(zero for unipolar ranges). This is an offset adjust which trans­
lates the output characteristic, i.e. affects each code by the 
same amount. 

Next adjust positive FS. This is a gain error adjustment, which 
rotates the output characteristic about the negative FS value. 

For the bipolar ranges, this approach leaves an error at the zero 
code, whose maximum value is the same as for integral non­
linearity error. In general, only two values of output may be 
calibrated exactly; all others must tolerate some error. 
Choosing the extreme end points (plus and minus full scale) 
minimizes this distributed err.or for all other codes. 

FIGURE 2. BIPOLAR VOLTAGE OUTPUT 
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HI-5660/5660A 

Settling Time 
This is a challenging measurement, in which the result depends 
on the method chosen, the precision and quality of test equip­
ment and the operating configuration of the DAC (test condi­
tions). As a result, the different techniques in use by converter 
manufacturers can lead to consistently different results. An 
engineer should understand the advantage and limitations of a 
given test method before using the specified settling time as 
a basis for design. 

The approach used for several years at Harris Analog Products 
Division calls for a strobed comparator to sense final perturba­
tions of the DAC output waveform. This gives the LSB a reason­
able magnitude (814j.lV for the HI-5660), which provides the 
comparator with enough overdrive to establish an accurate 
±1/2 LSB window about the final settled value. Also, the 
required test conditions simulate the DAC's environment for a 
common application - use in a successive approximation AID 
converter. Considerable experience has shown this to be a 
reliable and repeatable way to measure settling time. 

The usual specification is based on a 10V step, produced by 
simultaneously switching all bits from off-to-on (tON) or 
on-to-off (tOFFI. The slower of the two cases is specified, 
as measured from 50% of the digital input transition to the 
final entry within a window of ±1/2 LSB about the settled 
value. Four measurements characterize a given type of DAC: 

(a) tON, to final value +1/2 LSB 
(b) tON, to final value -1/2 LSB 
(c) tOFF, to final value +112 LSB 
(d) tOFF, to final value -1/2 LSB 

(Cases (b) and (c) may be eliminated unless the overshoot 
exceeds 1/2 LSBI. For example, refer to Figure 3 for the, 
measurement of case (dl. 

® ® 

.. 
9.96k 10NC 

FIGURE3A. 
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PROCEDURE 

As shown in Figure 3B, settling time equals tx plus the compar­
ator delay (tD = 15nsl. To measure tx, 

• Adjust the delay on generator # 2 for a tx of several 
microseconds. This assures that the DAC output has 
settled to its final value. 

• Switch on the LSB (+5VI. 

• Adjust the V LSB supply for 50 percent triggering at 
COMPARATOR OUT: This is indicated by traces of 
equal brightness on the oscilloscope display as shown in 
Figure 3B. Note DVM reading. 

• Switch the LSB to Pulse (PI. 

• Readjust the VLSBsupply for 50% triggering as before, 
and note DVM reading. One LSB equals one tenth the 
difference in the DVM readings noted above. 

• Adjust the VLSB supply to reduce the DVM reading by; 
5 LSB's (DVM reads lOX, so this sets the comparator to 
sense the final settled value minus 1/2 LSB). Comparator 
output disappears. 

• Reduce generator # 2 delay until comparator output 
reappears, and adjust for "equal brightness". 

• Measure IX from scope as shown in Figure 3B. Settling 
time equals tx + tD, i.e. tx +15ns. 

+3V 

® 60% DIGITAL 

-t'---------- INPUT ov 
-1/2LSB 

® 
(TURN OFF) -400mV 1----1-......1 SETTLING TIME 

DAC 
OUTPUT 

© 

@ 

50% 
O.BV 

to .. COMPARATOR DELAY 

'x 
COMPo 
STROBE 

"EQUAL BRIGHTNESS" 

4V I--------,-/rr---- COMPo 
OUT 

OV 

FIGURE 3B. 



HI-5660/5660A 

Other Considerations 

GROUNDS 

The HI-5660 has two ground terminals, pin 3 (ANALOG GNO) 
and pin 12 (DIGITAL GND). The current through pin 3 is 
near-zero DC, but pin 12 carries up to 1.75mA of code-depend­
ent current from bits 1, 2 Bnd 3. The general rule is to connect 
pin 3 to the system analog ground and pin 12 to the power or 
digital ground. If the system has a single ground point, provide 
separate paths to pins 3 and 12. 

Current cancellation in pin 3 is accomplished as follows: An 
auxiliary 9 bit R-2R ladder is driven by the complement of the 
HI-5660 input code. Together, the main and auxiliary ladders 
draw a constant 2.25mA from the internal analog ground, 
regardless of input code. This current is then sourced from the 
positive supply via a current mirror, yielding near-zero current 
through pin 3. 

Die Characteristics 

Transistor Count 
Die Size: 
Thermal Constants; (} ja 

(} jc 
Tie Substrate to: 
Process: 

LAYOUT 

Connections to pin 9 (lOUT) on the HI-5660 are very critical 
for high speed performance. Output capacitance of the DAC 
is only 25pF:so a small change or additional capacitance may 
alter the output op amp's stability and affect settling time. 
Connections to pin 9 should be short and few. Component 
leads should be short on the side connecting to pin 9 (as for 
feedback capacitor C). 

BYPASS CAPACITORS 

Power supply bypass capacitors on the op amp will serve the 
HI-5660 also. If no op amp is used, a O.OlpF ceramic capac­
itor from each supply terminal to pin 12 is sufficient. 

158 
104 x 172 mils 

520 C/W 
17oC/W 

Analog Ground 
Bipolar - 01 
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Features 

• DAC 80 ALTERNATE SOURCE 

• MONOLITHIC CONSTRUCTION 
(SINGLE CHIP) 

• FAST SETTLING 

• GUARANTEED MONOTONIC 90C to 750C 

• WAFER LASER TRIMMED 

• APPLICATIONS RESISTORS ON-CHIP 

• ON-BOARD REFERENCE 

• DIELECTRIC ISOLATION (01) PROCESSING 

• :!:12V POWER SUPPLY OPERATION 

Applications 

• HIGH SPEED AID CONVERTERS 

• PRECISION INSTRUMENTATION 

• CRT DISPLAY GENERATION 

Pinouts 

TOP VIEW 

(MSB) BIT 1 B.3V REF OUT 

BIT 2 GAIN ADJUST 

BIT 3 +VS 

BIT 4 COMMON 

BIT 5 .[JUNCTION 

BIT 6 20V RANGE 

BIT 7 10V RANGE 

BIT 8 BIPOLAR OFFSET 

BIT 9 REF INPUT 

BIT 10 VOUT 
BIT 11 -VS 

(LSB) BIT 12 LOGIC SUPPL Y 

HI-5680V 
VOLTAGE OUTPUT 
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HI·56BO 
12-Bit Low Cost Monolithic 
Digital-to-Analog Converter 

Description 

The H 1-5680 is a monolithic, direct replacement for the Jilopular 
DAC80-CBI, DAC80Z-CBI, and DAC85C-CBI, incorporating 
the best features of each. Single chip construction, along with 
several design innovations, make the HI-5680 the optimum 
choice for low cost, high reliability applications. 

Harris' unique Dielectric Isolation{D I) processing reduces inter­
nal parasitics, resulting in fast switching times and minimum 
glitch. On-board span resistors are provided for good tracking 
over temperature, and are laser trimmed to high accuracy. These 
may be used with the on-board op-amp (voltage output models; 
H 1-5680Vl. or with a user supplied external amplifier(H 1-56800. 

Internally, the HI-5680 eliminates code dependent ground cur­
rents by routing current from the positive supply to the internal 
ground node, as determined by an auxiliary R-2R ladder. This 
results in a cancellation of code dependent ground currents 
allowing virtually zero variation in current through the package 
common, pin 21. 

The H 1-5680 is available in both current and voltage output 
models which are guaranteed over the OOC to +750C temp­
erature range. All models include a buried zener reference 
featuring low temperature coefficient. In addition, the voltage 
output models include an on-board output amplifier. Both 
versions operate with a +5V logic supply and a :!:VS in the range 
of±(11.4Vto 16.5V). 

TOP VIEW 

(MSB) BIT 1 B.3V REF OUT 

BIT 2 GAIN ADJUST 

BIT 3 +VS 

BIT 4 COMMON 

BIT 5 . SCALING NETWORK 

BIT 6 SCALING NETWORK 

BIT 7 SCALING NETWORK 

BIT 8 BIPOLAR OFFSET 

BIT 9 REF INPUT 

BIT 10 ,lOUT 

BIT 11 -VS 

(LSB) BIT 12 LOGIC SUPPL Y 

HI-56801 
CURRENT OUTPUT 

o 
CO 
CO 
II) 

.!. 
::I: 



HI-5680 

Functional Diagram Voltage Output 

17 16 24 21 

BIPOLAR REF 22 1;3 

--~----------~------~~-----

GAIN 

ADJUST 
23 

Functional Diagram Current Output 

17 16 24 21 n 13 
BIPOLAR REF 

HI-S680 V 

HI-S680 I 
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Specifications HI-5680 

Absolute Maximum Ratings (Note 1) 

Power Supply Inputs +Vs +20V Junction Temperature 
-Vs -20V 
+VLOGIC +20V Operating Temperature Range 

HI-S680i/V-S 
Reference Input (pin 16) +Vs 

Storage Temperature Range Output drain 2_5mA 

Digital Inputs Bits 1 to 12 -IV to +12V 

Electrical Specifications 
(TA ~ +2SoC, Vs ~ ± ISV, vLOGIC ~ +SV, Pin 16 connected to Pin 24 unless otherwise specified.) 

HI-5680 

PARAMETER CONDITIONS MIN TYP MAX 

DIGITAL INPUT (3) 

Resolution 12 
Logic Levels TTL Compatible 

Logic "I" at +1 J.i.A +2 +5.5 
Logic "0" at -1 00 J.i.A 0 +0.8 

ACCURACY (3) 

Linearity Error DoC to +750C ±l<I ±Ya 
Differential Lin. Error OOC to +7SoC ±Ya ±% 
Gain Error (2) ±0.1 ±0.3 

i Offset Error (2) ±.05 ±0.15 
Monotonicity OOC to +750C Guaranteed 

DRIFT (3) OOC to +7SoC 
Total Bipolar Drift 

(Includes gain, offset 
and linearity drifts.) ±20 

Total Error OOC to +750C 
Unipolar (N9te 6) iO.08 ±0.15 
Bipolar (Note 6) iO.06 ±.1 
Gain Including internal 

reference ±15 ±30 
Exclusive of internal 

reference ±S ±7 
Unipolar Offset ±1 ±3 
Bipolar Offset ±5 ±10 

CONVERSION SPEED (3) 

Voltage Models 
Settling time (3) to ±0.01% of FSR for 

FSR Change 
With 1 OkSl Feedback 3 
With 5kSl Feedback 1.5 
For 1 LSB change 1.5 

Slew Rate 10 15 

Current Models 
Settling time (3) to ±0.01% of FSR for 

10 to 100Sl load 
FSR Change 

300 
1 kSl load 1000 

ANALOG OUTPUT 

Voltage Models 
Output current ±5 
Output Resistance .05 
Short Circuit Duration to common continuous 
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17S0C 

OOC to +750C 

-6SoC to +1500C 

UNITS 

Bits 

Volts 
Volts 

LSB 
LSB 
%FSR(4) 
%FSR 

ppm/oC 

%FSR 
%FSR 

ppm/oC 

ppm/OC 
ppm/oC 
ppm/OC 

/.IS 
J.i.s 
/.l.s 

V/J.i.s 

ns 
ns 

mA 
Sl 

o 
CO 
CD 
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Specifications HI-5680 

PARAMETER CONOITIONS 

ANALOG OUTPUT 
Current Models 

Output Current 
Unipolar 
Bipolar 

Output Resistance 
Unipolar 
Bipolar 

Compliance Limit (3) 

INTERNAL REFERENCE 
Output Voltage 
Output Impedance 
External Current 
Tempco of Drift 

POWER SUPPLY 
SENSITIVITY (3) 

+15V supply 
-15V supply 
+5V supply 

POWER SUPPLY 
REQUIREMENTS (5) 

Range 
+15V 
-15V 
+5V 

Current 
+15V 
-15V 
+5V 

NOTES: 

I. Absolute maximum ratings are limiting values, applied 
individually, beyond which the serviceability of the circuit 
may be impaired. Functional operation under any of these 
conditions is not necessarily implied. 

2. Adjustable to zero using external potentiometers. 

3. See definitions. 

Die Characteristics 

Transistor Count 
Die Size: 
Thermal Constants; B ja 

Bjc 
Tie Substrate to: 
Process: 
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HI·5680X 

MIN TYP MAX UNITS 

-1.6 -2 -2.4 mA 
±0.8 ±1 ± 1.2 mA 

2.0 U2 
2.0 H2 

-2.5 +10 V 

+6.174 +6.3 +6.426 V 
1.5 n 

+2.5 mA 
20 ppm/oC 

.002 %FSR 

.002 ~ 

.002 

+11.4 +15 +16.5 V 
-11.4 -15 -16.5 V 
+ 4.5 + 5 +16.5 V 

8 11 mA 
-12 -20 mA 
4.5 8 mA 

4. FSR is "Full Scale Range" and is 20V for ± 10V range, 10V 
for ± 5V range, etc., or 2mA ( ± 20%) for current output. 

5. The H 1-5680 will operate with supply voltages as low as 
± 11.4 V. It is recommended that output voltage range -I OV 
to +IOV not be used if the supply voltages are less than 
± 12V. 

6. With gain and offset errors adjusted to zero at 25 0 C. 

259 
210 x 125 mils 

490 CIW 
120 CIW 
Ground 

Bipolar - 01 



HI-5680 

Definitions of Specifications 

DIGITAL INPUTS 

The H 1-5680 accepts digital input codes in complementary 
binary, complementary offset binary, and complementary 
two's complement binary. 

ANALOG OUTPUT 

Complementary Complementary 
OIGITAL Complementary Offset Two', 

INPUT Binary Binary Complement' 

MSB LSB 
000 ... 000 + Full Scale + Full Scale -LSB 
100 ... 000 Mid Scale -1 LSB -1 LSB + Full Scale 
111...111 Zero - Full Scale Zero 
011...111 +Y. Full Scale Zero - Full Scale 

• Invert MSB with external inverter to obtain CTC Coding 

SETTLING TIME 

That interval between application of a digital step input, and 
final entry of the analog output within a specified window about 
the settled value. Harris Semiconductor usually specifies a 
unipolar 10V or bipolar full scale step, to be measured from 
50% of the input digital transition, and a window of ±JI, LSB 
about the final value. The device output is then rated according 
to the worst (longest settling) case: low to high, or high to low. 

DRIFT 

GAIN 0 RI FT - The change in full scale analog output over the 
specified temperature range expressed in parts per million of 
full scale per °C (ppm of FSRI"C)' Gain error is measured with 
respect to +25"C at high (TH) and low (TL) temperatures. 
Gain drift is calculated for both high (TH -25°C) and low 
ranges (+25°C-TLl by dividing the gain error by the respective 
change in temperature. The specification is the larger of the 
two representing worst case drift. 

OFFSET DRIFT - The change in analog output with all bits 
OFF over the specified temperature range expressed in parts 
per million of full scale range per OC (ppm of FS RfC). Offset 
error is measured with respect to +25°C at high (TH)and low 
(TL) temperatures. Offset Drift is calculated for both high 
(TH -25°C) and low (+25OC - TL) ranges by dividing the 
offset error by the respective change in temperature. The 
specification given is the larger of the two, representing worst· 
case drift. 
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ACCURACY 

INTEGRAL NONLINEARITY - The maximum deviation of the 
actual transfer characteristic from an ideal straight line. The 
ideal line is positioned according to "end-point linearity" for 
O/A converter products from Harris Semiconductor, i.e. the line 
is drawn between the end-points of the actual transfer charac­
teristic (codes 00 ... 0 and 1 1...1). 

OIFFERENTIAL NONLINEARITY - The difference between 
one lSB and the output voltage change corresponding to any 
two consecutive codes. A Differential Nonlinearity of 2:1 LSB or 
less guarantees monotonicity. 

MONOTONICITY - The property of a D/A converter's transfer 
function which guarantees that the output derivative will not 
change sign in response to a sequence of increasing (or de­
creasing) input codes. That is, the only output response to a 
code change is to remain constant, increase for increasing code, 
or decrease for decreasing code. 

POWER SUPPLY SENSITIVITY 

Power Supply Sensitivity is a measure of the change in gain and 
offset of the O/A converter resulting from a change in -15V, 
or +15V supplies. It is specified under DC conditions and 
expressed as parts per million of full scale range per percent of 
change in power supply (ppm of FSR/%). 

COMPLIANCE 

Compliance Voltage is the maximum output voltage range that 
can be tolerated and still maintain its specified accuracy. Com­
pliance limit implies functional operation only and makes no 
claims to accuracy. 

GLITCH 

A glitch on the output of a D/A converter is a transient spike 
reSUlting from inequal internal ON-O FF switching times. Worst 
case glitChes usually occur at half-scale or the major carry code 
transition from 011...1 to 100 ... 0 or vice versa. For example, 
if turn ON is greater than turn OFF for 011. .. 1 to 100 ... 0, an 
intermediate state of 000 ... 0 exists, such that, the output 
momentarily glitches toward zero output. Matched switching 
times and fast switchiolg will reduce glitches considerably. 
(Measured as one half the product of duration and amplitude.) 
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Operating Instructions 

DECOUPLING AND GROUNDING 

For best accuracy and high frequency performance, the ground· 
ing and decoupling scheme shown in Figure 1 should be used. 
Oecoupling capa~itors should be connected close to the HI· 
5680 (preferrably to the device pins) and should be tantalum 
or electrolytic bypassed with ceramic types for best Iligh fre· 
quency noise rejection. 

'~~f[ 
14 2Z 

[

24 

HI-68801 

FIGURE 1 ••• LO •• ROU'. 

REFERENCE SUPPLY 

An internal 6.3Volt reference is provided on board all HI-5680 
models. This voltage (pin 24) is accurate to ±2% and must be 
connected to the reference input (pin 16) for specified operation. 
This reference may be used externally, provided current drain 
is limited to 2.5mA. An external buffer amplifier is recommend· 
ed if this reference is to be used to drive other system compon· 
ents. Otherwise, variations in the load driven by the reference 
will result in gain variations of the HI-5680. All gain adjustments 
should be made under constent load conditions. 

VOLTAGE OUTPUT HI·56S0V 

FIGURE 2 

RANGE CONNECTIONS 

CONNECT 

PIN PIN PIN 
RANGE 15 17 19 

Unipolar o to +5V 18 N.C. 20 
Oto+ 10V 18 N.C. N.C. 

Bipolar ±2.5V 18 20 20 
±5V 18 20 N.C. 
±10V 19 20 15 

CURRENT OUTPUT HI-56S01 

tRa should equal the DAC's output resistance, which is 2Krlll 
RFEED6ACK. 

EXTERNAL AMPLIFIER CONNECTIONS 
To use the HI-56801 with an external amplifier, connect as follows: 

RANGE PIN 17 PIN 18 PIN 19 PIN 20 
to to to to 

o to +10V N.C. B 18* 19* 
o to +5V N.C. B 15 N.C. 

±'10V 15 N.C. B N.C. 
±5V 15 B 18' 19* 

±2.5V 15 B 15 N.C. 

-these connections help reduce stray capa(:ltance In the feedback 
loop. 

GAIN AND OFFSET CALIBRATION 

(Applies to Figure 2 and 3.) 
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UNIPOLAR CALIBRATION 

Step 1: 0 ffset 
Turn all bits OFF (11 ... 1) 
Adjust R2 for zero volts out 

Step 2: Gain 
Turn all bits 0 N (00 ... 0) 
Adjust R 1 for FS·l LSB 
That Is: 

4.9988 for 0 to +5Vrange 
9.9976 for 0 to +10V range 

BIPOLAR CALIBRATION 

Step 1: Offset 

Step 2: Gain 

Turn all bits OFF (11 ... 1) 
Adjust R2 for Negative FS 
That Is: 

-10V for ±10V range 
-5V for ±5V range 
-2.5V for ±2.5 range 

Turn all bits ON (00 ... 0) 
Adjust Rl for positive FS·l LSB 
That Is: 

+9.9951V for ±10V range 
+4.9976V for ±5V range 
+2.4988V for ±2.5V range 

This Bipolar procedure adjusts the output range end points. 
The maximum error at zero (half scale) will not exceed 
the Linearity error. See the "Accuracy" specifications. 
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Features 

• DAC 85 ALTERNATE SOURCE 

• MONOLITHIC CONSTRUCTION 

• FAST SETTLING 

• GUARANTEED. MONOTONIC 

• WAFER LASER TRIMMED 

• APPLICATIONS RESISTORS ON-CHIP 

• ON-BOARD REFERENCE 

• DIELECTRIC ISOLATION (01) PROCESSING 

• ±'12V POWER SUPPLY OPERATION 

Applications 

• HIGH SPEED AID CONVERTERS 

• PRECISION INSTRUMENTATION 

• CRT DISPLAY GENERATION 

Pinouts 

TOP VIEW 

IMSB) BIT 1 6.3V REF OUT 

BI12 GAIN ADJUST 

BIT 3 +VS 

BIT 4 COMMON 

BIT 5 LJUNCTION 

BIT 6 20V RANGE 

BIT7 10V RANGE 

BIT 8 BIPOLAR OFFSET 

BIT 9 REF INPUT 

BIT 10 VOUT 
BIT 11 -VS 

(LSB) BIT 12 LOGIC SUPPLY 

HI-5685V 
VOLTAGE OUTPUT 

HI·S68S/S68SA 
High Performance Monolithic 

12-Bit Digital-to-Analog Converter 

Description 
The HI-5685 is a monolithic direct replacement for the popular 
DAC85-CBI and the ACCA85LD-CBI. Single chip construction 
along with several design innovations make the H 1-5685 the op­
timum choice for low cost, high reliability applications. 
Harris unique Dielectric Isolation (01) processing reduces internal 
parasitics resulting in fast switching times and minimum glitch. 
On board span resistors are provided for good tracking over temp­
erature, and are laser trimmed to high accuracy. These may 
be used with the on-board op-amp (voltage output models; 
HI-5685Vl. or with a user supplied external amplifier (HI-5685). 
Internally, the HI-5685 eliminates code dependent ground currents 
by routing current form the positive supply to the internal ground 
node, as determined by an auxiliary R-2R ladder. This results 
in a cancellation of code dependent ground currents allowing vir­
tually zero variation in current through the package common, 
pin 21. 
The HI-5685 and HI-5685A are available in both current and 
voltage output models which are guaranteed over the -250C to 
+85 0 C temperature range. All models include a buried zener 
reference fea.turing low temperature coefficient. In addition, the 
voltage output models include and on-board output amplifier. 
Both versions operate with a +5V logic supply and a ± Vs in the 
range of ± (11.4V to 16.5V). 

The H 1-5685A offers exceptionally low drift over temperature. 
Gain drift is a maximum +10ppm/oC, over -250 C to +850 C. 

TOP VIEW 

(MSB) BIT 1 6.3V REF OUT 

BIT 2 GAIN ADJUST 

BIT 3 +VS 

BIT4 COMMON 

BIT 5 SCALING NETWORK 
BIT 6 SCALING NETWORK 

BIT 7 SCALING NETWORK 

BIT 8 BIPOLAR OFFSET 

BIT 9 REF INPUT 

BIT 10 lOUT 
BIT 11 -VS 

ILSB) BIT 12 LOGIC SUPPL Y 

HI-56851 

CURRENT OUTPUT 
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HI-5685/5685A 

Functional Diagram Voltage Output 

17 16 24 21 

BIPOLAR 
18 22 13 lOV 

ADJUST -Vs 
23 

HI-56S5 V 

Functional Diagram Current Output 

17 

ADJUST 23 
-Vs 

HI-56S51 
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Specifications HI-5685/5685A 

Absolute Maximum Ratings (1) 

Power Supply Inputs +Vs +20V Junction Temperature 

-VS -20V 

+VLOGIC +20V Operating Temperature Range 

Reference Input (pin 16) .:!-VS HI-56851/V-4 

Output drain 2.5mA HI-5685AI/V-4 

Digital Inputs Bits 1 to 12 -IV to +12V Storage Temperature Range 

Electrical Specifications 
(TA = +250 C, Vs =± 15V, VLOGIC = SV, Pin 16 connected to Pin 24 unless otherwise specified.) 

HI-5685 

PARAMETER CONDITIDNS MIN TYP 

DIGITAL INPUT (3) 

Resolution 
Logic Levels TTL Compatible 

Logic "I" at +1 IlA +2 
Logic "0" at -100 IlA 0 

Accuracy (3) 
Linearity Error at +250C 

-25° C to +85° C 

Differential Lin. Error 
Gain Error (2) ±D. I 
Offset Error (2) ±0.05 
Monotonicity -250C to +850C GUARANTEED. 

DRIFT(3) HI-5685 -25°C to +850C 
Gain 
Offset 

Unipolar ±1 
Bipolar ±5 

DRIFT (3) HI-5685A -25°C to +850C 
(Low Drift) 

Gain 
Offset 

Unipolar ±1 
Bipolar 

CONVERSION SPEED 
Voltage Models 

Settling Time (3) to ±0.01% of FSR for 
FSR Change 

With 10knFeedback 3 
With 5kn Feedback 1.5 
For I LSB Change 1.5 

Slew Rate 15 

Current Models 
Settling Time (3) to ±0.01% of FSR for 

FSR Change 

10tol00nioad 300 
I kn load 1.0 
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175°C 

-2SoC to +850C 
-25"C to +85°C 

_65° to+150"C 

MAX UNITS 

12 Bits 

+5.5 V 
+0.8 V 

±Yz LSB 
±Yz LSB 

±Yz LSB 
±0.15 %FSR (4) 
±0.1 %FSR 

±20 

±3 ppm/oC 
±IO 

±IO 
ppm/OC 

±5 

IlS 
IlS 
III 
V/ ps 

ns 
IlS 
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Specifications HI-5685/5685A 

PARAMETER CONDITIONS 

ANALOG OUTPUT 

Voltage Models 
Output Current 
Output Impedance (DC) 

Current Models 
Output Current . Full Scale 

Unipolar 
Bipolar 

Output Resistance 
Unipolar 
Bipolar 

Compliance Limit (3) 

INTERNAL REFERENCE 

Output voltage 
Output Impedance 
External Current 
Tempco of Drift 

POWER SUPPLY SENSITIVITY (3) 

+15V 

-15V 
+5V 

POWER SUPPLY REQUIREMENTS(5) 

Range 
+15V 
-15V 
+5V 

Current 
+15V 
-15V 
+5V 

NOTES: 

1. Absolute' maximum ratings are limiting values, applied 
individually, beyond which the serviceability of the circuit 
may be impaired. Functional operation under any of these 
conditions is not necessarily implied. 

2. Adjustable to zero using external potentiometers. 

3. See Definitions. 

Die Characteristics 

Transistor Count 
Die Size: 
Thermal Constants; () ja 

() jc 
Tie Substrate to: 
Process: 

HI·56B5 

MIN TYP MAX UNITS 

±5 rnA 
0.05 n 

-1.6 -2 -2.4 rnA 
±(J.B ±1 ±1.2 rnA 

2.0 kn 
2.0 kn 

-2.5 +10 .v 

+6.174 +6.3 +6.426 V 
1.5 n 

+2.5 rnA 
±10 ±20 ppm/oC 

.002 %FSR 
Tv;-

.002 

.002 

+11.4 +15 +16.5 V 
-11.4 -15 -16.5 V 
+4.5 +5 +16.5 V 

8 11 rnA 
·12 -20 rnA 
4.5 B rnA 

4. FSR is "full scale range" and is 20V for ± 1 OV range, 10V 
for ±5V range, etc., or 2mA 1±.20%) for current output. 

5. The HI·5685 will operate with supply voltages as low as 
±11.4V. It is recommended that output voltage range -10V 
to +10V not be used if the supply voltages are less than 
±12.5V. 

259 
210 x 125 mils 

490 C/W 
120 C/W 
Ground 

Bipolar - 01 
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HI-5685/5685A 

Definitions of Specifications 

DIGITAL INPUTS 

The H 1-5685 accepts digital input codes in complementary 
binary, complementary offset binary, and complementary 
two's complement binary. 

ANALOG OUTPUT 

Complementary Complementary 
DIGITAL Complementary Offset Two's 

INPUT Binary Binary Complement' 

MSB LSB 
000 ... 000 + Full Scale + Full Scale -LSB 
100 ... 000 Mid Scale -1 LSB -1 LSB + Full Scale 
111...111 Zero - Full Scale Zero 
011 ... 111 +lI Full Scale Zero - Full Scale 

• Invert MSB with external inverter to obtain CTC Coding 

SETTLING TIME 

That interval between application of a digital step input, and 
final entry of the analog output within a specified window about 
the settled value. Harris Semiconductor usually specifies a 
unipolar 10V or bipolar full scale step, to be measured from 
50% of the input digital transition, and a window of ±.y, LSB 
about the final value. The device output is then rated according 
to the worst (longest settling) case: low to high, or high to low. 

DRIFT 

GAl N DR I FT - The change in full scale analog output over the 
specified temperature range expressed in parts per million of 
full scale per oC (ppm of FSR/oC). Gain error is measured with 
respect to +250C at high' (TH) and low (TLl temperatures. 
Gain drift is calculated for both high (TH -250C) and low 
ranges (+250C - TL) by dividing the gain error by the respective 
change in temperature. The specification is the larger of the 
two representing worst case drift. 

D F FSET DR I FT - The change in analog output with all bits 
DFF over the specified temperature range expressed in parts 
per million of full scale range per oC (ppm of FSR/oC). Dffset 
error is measured with respect to +250C at high (TH) and low 
(TLl temperatures. Offset Drift is calculated for both high 
(TH -250C) and low (+250 C - TLl ranges by dividing the 
offset error by the respective change in temperature. The 
specification given is the larger of the two, representing worst­
case drift. 
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ACCURACY 

INTEGRAL NONLINEARITY - The maximum deviation of the 
actual transfer characteristic from an ideal straight line. The 
ideal line is positioned according to "end-point linearity" for 
D/A converter products from Harris Semicooductor, i.e. the line 
is drawn between the end-points of the actual transfer charac­
teristic (codes 00 ... 0 and 11...1). 

DIFFERENTIAL NONLINEARITY - The difference between 
one LSB and the output voltage change corresponding to any 
two consecutive codes. A Differential Nonlinearity of ~1 LSB or 
less guarantees monotonicity. 

MONOTONICITY - The property of a D/A converter's transfer 
function which guarantees that the output derivative will not 
change sign in response to a sequence of increasing (or de­
creasing) input codes. That is, the only output response to a 
code change is to remain constant, increase for increasing code, 
or decrease for decreasing code. 

POWER SUPPLY SENSITIVITY 

Power Supply Sensitivity is a measure of the change in gain and 
offset of the D/A converter resulting from a change in -15V, 
or +15V supplies. It is specified under DC conditions and 
expressed as parts per million of full scale range per percent of 
change in power supply (ppm of FSR/%). 

COMPLIANCE 

Compliance Voltage is the maximum output voltage range that 
can be tolerated and still maintain its specified ·accuracy. Com­
pliance Limit implies functional operation only and makes no 
claims to accuracy. 

GLITCH 

A glitch on the output of a D/A converter is a transient spike 
resulting from inequal internal ON-OFF switching times. Worst 
case glitches usually occur at half-scale or the major carry code 
transition from 011...1 to 100 ... 0 or vice versa. For example, 
if turn ON is greater than turn OFF for 011...1 to 100 ... 0, an 
intermediate state of 000 ... 0 exists, such that, the output 
momentarily glitches toward zero output. Matched switching 
times and fast switching will reduce glitches considerably. 
(Measured as one half the product of duration and amplitude,) 
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Operating Instructions 

DECOUPLING AND GROUNDING 

For best accuracy and high frequency performance, the ground· 
ing and decoupling scheme shown in Figure 1 should be used. 
Oecoupling capacitors should be connected close to the HI· 
5685 (preferrably to the device pins) and should be tantalum 
or electrolytic bypassed with ceramic types for best high fre· 
quency noise rejection. 

HI-56B51 
[

-c Z4 

-c" 

FIGURE 1 ANALOG GROUND 

REFERENCE SUPPLY 

An internal 6.3Volt reference is provided on board all H 1·5685 
models. This voltage (pin 24) is accurate to ±2% and must be 
connected to the reference input (pin 16) for specified operation. 
This reference may be used externally, provided current drain 
is limited to 2.5mA. An external buffer amplifier is recommend· 
ed if this reference is to be used to drive other system compon· 
ents. Otherwise, variations in the load driven by the reference 
will result in gain variations of the HI·5685. All gain adjustments 
should be made under constant load conditions. 

VOLTAGE OUTPUT HI·5685V 

RANGE CONNECTIONS 

CONNECT 

PIN PIN PIN 
RANGE 15 17 19 

Unipolar o to +5V 18 N.C. 20 
o to + 10V 18 N.C. N.C. 

Bipolar ±2.5V 18 20 20 
±5V 18 20 N.C. 
±10V 19 20 15 

CURRENT OUTPUT HI-56851 
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10KTO-~~Kn ~ L-______ --l~ R2 .\ls 

FIGURE3"~ 
tRB should equal the DAC's output resistance, which is 2Kn// 
RFEEDBACK. 

EXTERNAL AMPLI FIER CONNECTIONS 
To use the HI-56851 with an external amplifier, connect as follows: 

RANGE PIN 17 PIN IS PIN 19 PIN 20 
to to to to 

o to +10V N.C. B IS" 19" 
o to +5V N.C. B 15 N.C. 

±10V 15 N.C. B N.C. 
'±5V 15 B IS" 19" 
±2.5V 15 B 15 N.C. 

"these connections help reduce stray capacitance in the feedback 
loop. 

GAIN AND OFFSET CALIBRATION 

(Applies to Figure 2 and 3.) 
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UNIPOLAR CALIBRATION 

Step I: 0 ffset 
Turn all bits OFF (11 ... 1) 
Adjust R2 for zero volts out 

Step 2: Gain 
Turn all bits ON (00 ... 0) 
Adjust RI for FS·l LSB 
That Is: 

4.9988 for 0 to +5V range 
9.9976 for 0 to +1 OV range 

BIPOLAR CALIBRATION 

Step I: Offset 

Step 2: Gain 

Turn all bits OFF (11...1) 
Adjust R2 for Negative FS 
That Is: 

-10V for ± 10V range 
-5V for ±5V range 
-2.5V for ±2.5 range 

Turn all bits ON (00...0) 
Adjust Rl for positive FS·l LSB 
That Is: 

+9.995IV for ±10V range 
+4.9976V for ±5V range 
+2.4988V for ±2.5V range 

This Bipolar procedure adjusts the output range end points. 
The maximum error at zero (half scale) will not exceed 
the Linearity error. See the "Accuracy" specifications. 
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Features 

• DAC 87 ALTERNATE SOURCE 

• MONOLITHIC CONSTRUCTION 

• FAST SETTLIN G 

• GUARANTEED SPECIFICATIONS -550 C to 1250 C 

• WAFER LASER TRIMMED 

• APPLICATIONS RESISTORS ON-CHIP 

• ON-BOARD REFERENCE 

• DIELECTRIC ISOLATION (DI) PROCESSING 

• ±12V POWER SUPPLY OPERATION 

• MIL-STD-883 PROCESSING AVAILABLE 

Applications 

• HIGH SPEED AID CONVERTERS 

• PRECISION INSTRUMENTATION 

• CRT DISPLAY GENERATION 

Pinouts 

TOP VIEW 

(MSBI BIT 1 6.3V REF OUT 
BIT 2 GAIN ADJUST 

BIT 3 +VS 
BIT4 COMMON 
BIT 5 LJUNCTION 
BIT 6 20V RANGE 
BIT 7 10V RANGE 
BIT 8 BIPOLAR OFFSET 
BIT 9 REF INPUT 

BIT 10 10 VDUT 
BIT 11 11 -VS 

(LSB) BIT 12 12 LOGIC SUPPL Y 

HI·56B7V 
VOLTAGE OUTPUT 

HI·5687 

Description 

Wide Temperature Range 
Monolithic 12-Bit 

Digital-ta-Analog Converter 

The HI-5687 is a monolithic direct replacement for the popular 
DAC87-CBI wide temperature range d-to-a converter. Single 
chip construction, along with several design innovations make 
the H 1-5687 the optimum choice for low cost, high reliablility 
applications. 
Harris unique Dielectric Isolation (DI) processing reduces inter­
nal parasitics resulting in fast switching times and minimum glitch. 
ON board span resistors are provided for good tracking over temp­
erature, and are laser trimmed to high accuracy. These may be used 
with the on-board op-amp (voltage output models; HI-5687V), 
or with a user supplied external amplifier (HI-56871). 
Internally, the HI-5687 eliminates code dependent ground currents 
by routing current from the positive supply to the internal ground 
mode, as determined by an auxiliary R-2R ladder. This results in a 
cancellation of code dependent ground currents allowing virtually 
zero variation in current through the package common, pin 21. 
The H 1-5687 is available in both current and voltage output models 
which are 100% tested over the -550 C to +1250 C temperature 
range. All models include a buried zener reference featuring low 
temperature coefficient. In addition, the voltage output models 
include an on-board output amplifier. Both versions operate. 
with a +5V logic supply and a ±VS in the range of ± (11.4V to 
16.5V). 

For additional Hi-Rei screening including a 160 hour burn-in, 
specify the "·8" suffix. For MIL-STD-883 compliant parts, 
request the H 1-5697V 1883 data sheet. 

TOP VIEW 

(MSB) BIT 1 6.3V REF OUT 

BIT 2 GAIN ADJUST 

BIT 3 +VS 
BIT 4 21 COMMON 

BIT 5 SCALING NETWORK 
BIT 6 SCALING NETWORK 
BIT 7 SCALING NETWORK 
BIT 8 BIPOLAR OFFSET 

BIT 9 REF INPUT 

BIT 10 10 lOUT 
BIT 11 11 -VS 

(LSB) BIT 12 12 LOGIC SUPPL Y 

HI·56B71 
CURRENT OUTPUT 
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Functional Diagram Voltage Output 

17 16 24 21 

BIPOLAR REF 22 13 

ADJUST 
23 

Functional Diagram Current Output 

'7 16 24 21 22 13 
BIPOLAR REF 

HI-5687 

-Vs 

HI-5687 V 

HI-5687I 
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Specifications HI-5687 

Absolute Maximum Ratings (1) 

Power Supply Inputs +Vs +20V 
-Vs -20V 
+VLOGIC +20V 

Reference Input (pin 16) ± Vs 
Output drain 2_5mA 

Digital Inputs Bits 1 to 12 -IV to +12V 

Electrical Specifications 

Junction Temperature 

Operating Temperature Range 
HI-56871/V-2 
HI-56871/V-8 

Storage Temperature Range 

(TA = +25 0 C, Vs = ±'15V, VLOGIC = +5V, Pin 16 connected to Pin 24 unless otherwise specified.) 

HI-56B7 
PARAMETER CONDITIONS MIN TYP 

DIGITAL INPUT (3) 

Resolution 
Logic Levels TTL Compatible 

Logic "I" at+IIIA +2 
Logic "0" at -lOOIlA 0 

ACCURACY (3) 

Linearity Error At +250 C ±% 
-550 C to + 1250 C 

Differential Lin. Error at +250C 
-550 C to +1250 C ±¥.. 

Gain Error (2) ±O.I 
Offset Error (2) ±G.05 
Monotonicity -550 C to + 1250C GUARANTEED 

DRIFT (3) -550C to +1250 C 
Total Bipolar Drift 

(includes gain, offset 
and linearity drifts) :t15 

Total Error (NOTE 6) 
Unipolar ±0.13 
Bipolar ±0.12 

Gain 
including internal 
reference ±IO 

excluding internal 
reference ±5 

Unipolar Offset ±I 

Bipolar Offset ±5 

CONVERSION SPEED 

Voltage Models 
Settling Time (3) to ± 0.01% of FSR for 

FSR Change 

With 10k n Feedback 3 
With 5kn Feedback 1.5 
For I LSB Change 1.5 

Slew Rate 15 

Current Models 
Settling Time (3) to ±0.01% of FSR for 

FSR Change 

10 to lOOn load 300 
I kn load 1.0 
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MAX 

12 

+5_5 
+O_B 

±¥.. 
+% 

±% 
±I 
±0.2 
±O.I 

±30 

±0.3 
±O.24 

±25 

±IO 

±3 

±IO 

175°C 

-55"C to +125"C 
-550C to +1250C 

-65"C to + 15O"C 

UNITS 

Bits 

V 
V 

LSB 
LSB 

LSB 
LSB (4) 
%FSR 
%FSR 

ppm/OC 

%FSR 
%FSR 

ppm/oC 

ppm/DC 

ppm/oC 

ppm/DC 

liS 
liS 
liS 
VI liS 

ns 
IlS 

.... 
CO 
CO 
It) 
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Specifications HI-5687 

HI·5687 

PARAMETER CONOITIONS MIN TYP MAX UNITS 

ANALOG OUTPUT 

Voltage Models 
Output Current +5 rnA 
Output Impedance (OC) 0.05 n 

Current Models 
Output Current Full Scale 

Unipolar -1.6 -2 -2.4 rnA 
Bipolar ±0.8 ±1 ±1.2 rnA 

Output Resistance 
Unipolar 2.0 kn 
Bipolar 2.0 kn 

Compliance Limit (3) -2.5 +10 V 

INTERNAL REFERENCE 

Output Voltage +6.174 11-6.3 +6.426 V 
Output Impedance 1.5 n 
External Current +2.5 rnA 
Tempco of Orift (-8, -2) ±5 ±10,±20 ppm/oC 

POWER SUPPLY SENSITIVITY (3) 

+15V ±.OD2 %FSR 

±.D02 
~ 

-15V 
+5V ±.002 

POWER SUPPLY REQUIREMENTS (5) 

Range 
+15V +11.4 +15 +16.5 V 
-15V -11.4 -15 -16.5 V 

+5V +4.5 +5 +16.5 V 

Current 
+15V 8 11 rnA 
-15V ·12 -20 rnA 
+5V 4.5 8 rnA 

NOTES: 
4. FSR is a "full scale range" and is 20V for :tl0V range, lDV 

1. Absolute maximum ratings are limiting values, applied in- for ±5V range, etc., or 2mA (±20%) for current output. 
dividually, beyond which the serviceability of the circuit 
may be impaired. Functional operation under any of these 5. The H 1-5687 will operate with supply voltages as low as 
conditions is not necessarily implied. tll.4V. It is recommended that output voltage ranges -10V 

to + 1 DV and not be used if the supply voltages are less than 
2. Adjustable to zero using external potentiometers. tI2.5V. 

3. See Definitions. 6. With gain and offset errors adjusted to zero at 250 C. 

Die Characteristics 

Transistor Count 259 
Die Size: 210 x 125 mils 
Thermal Constants; 8 ja 490 C/W 

8 jc 120 C/W 
Tie Substrate to: Ground 
Process: Bipolar - 01 
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HI-5687 

Definitions of Specifications 

DIGITAL INPUTS 

The H 1-5687 accepts digital input codes in complementary 
binary, complementary offset binary, and complementary two's 
complement binary. 

ANALOG OUTPUT 

Complementary Complementary 
DIGITAL Complementary Offset Two's 

INPUT Binary Binary Complement * 

MSB LSB 
000 ... 000 + Full Scale + Full Scale -LSB 
100 ... 000 Mid Scale -1 LSB -1 LSB + Full Scale 
111...111 Zero - Full Scale Zero 
011...111 +]1, Full Scale Zero - Full Scale 

• Invert MSB with external inverter to obtain CTC Coding 

SETTLING TIME 

That interval between application of a digital step input, and 
final entry of the analog output within a specified window about 
the settled value. Harris Semiconductor usually specifies a 
unipolar 10V or bipolar full scale step, to be measured from 
50% of the input digital transition, and a window of ±v, LSB 
about the final value. The device output is then rated according 
to the worst (longest settling) case: low to high, or high to low. 

DRIFT 

GAl NOR I FT - The change in full scale analog output over the 
specified temperature range expressed in parts per million of 
full scale per oC (ppm of FSR/oC). Gain error is measured with 
respect to +250 C at high (TH) and low (TLl temperatures. 
Gain drift is calculated for both high (TH -250 C) and low 
ranges (+250C - TL) by dividing the gain error by the respective 
change in temperature. The specification is the larger of the 
two representing worst case drift. 

OFFSET DRIFT - The change in analog output with all bits 
OFF over the specified temperature range expressed in parts 
per million of full scale range per oC (ppm of FSR/OC). Offset 
error is measured with respect to +250 C at high (TH) and low 
(TLl temperatures.. Offset Drift is calculated for both high 
(TH -250 C) and low (+250 C - TL) ranges by dividing the 
offset error by the respective change in temperature. The 
specification given is the larger of the two, representing worst­
case drift. 

ACCURACY 

INTEGRAL NONLINEARITY - The maximum deviation of the 
actual transfer characteristic from an ideal straight line. The 
ideal line is positioned according to "end-point I inearity" for 
0/ A converter products from Harris Semiconductor, i.e. the line 
is drawn between the end-points of the actual transfer charac­
teristic (codes 00...0 and 11...1). 

DIFFERENTIAL NONLINEARITY - The difference between 
one LSB and the output voltage change corresponding to any 
two consecutive codes. A 0 ifferential Nonlinearity of:!:1 LSB or 
less guarantees monotonicity. 

MONOTONICITY - The property of a O/A converter's transfer 
function which guarantees that the output derivative will not 
change sign in response to a sequence of increasing (or de­
creasing) input codes. That is, the only output response to a 
code change is to remain constant, increase for increasing code, 
or decrease for decreasing code. 

POWER SUPPLY SENSITIVITY 

Power Supply Sensitivity is a measure of the change in gain and 
offset of the O/A converter resulting from a change in -15V, 
or +15V supplies. It is specified under DC conditions and 
expressed as parts per million of full scale range per percent of 
change in power supply (ppm of FSR/%). 

COMPLIANCE 

Compliance Voltage is the maximum output voltage range that 
can be tolerated and still maintain its specified accuracy. Com­
pliance Limit implies functional operation only and makes no 
claims to accuracy. 

GLITCH 

A glitch on the output of a O/A converter is a transient spike 
resulting from inequal internal ON-OFF switching times. Worst 
case glitches usually occur at half-scale or the major carry code 
transition from 011 ... 1 to 100 ... 0 or vice versa. For example, 
if turn ON is greater than turn OFF for 011...1 to 100 ... 0, an 
intermediate state of 000 ... 0 exists, such that, the output 
momentarily glitches toward zero output. Matched switching 
times and fast switching will reduce glitches considerably. 
(Measured as one half the product of duration and amplitude.) 
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Operating Instructions 

DECOUPLING AND GROUNDING 

For best accuracy and high frequency performance, the ground· 
ing and decoupling scheme shown in Figure 1 should be used. 
Decoupling capacitors should be connected close to the HI· 
5687 (preferrably to the device pins) and should be tantalum 
or electrolytic bypassed with ceramic types for best high fre· 
quency noise rejection. 

'"bfI 
14 22 

[ ,. 
HI-56811 

FIGURE 1 
ANALOG GROUND 

REFERENCE SUPPLY 

An internal 6.3Volt reference is provided on board all HI-5687 
models. This voltage (pin 24) is accurate to ±2% and must be 
connected to the reference input (pin 16) for specified operation. 
This reference may be used externally, provided current drain 
is limited to 2.5mA. An external buffer amplifier is recommend· 
ed if this reference is to be used to drive other system compon· 
ents. Otherwise, variations in the load driven by the reference 
will result in gain variations .of the HI-5687. All gain adjustments 
should be made under constant load conditions. 

VOLTAGE OUTPUT HI-5687V 

FIGURE 2 

RANGE CONNECTIONS 

CONNECT 

PIN PIN PIN 
RANGE 15 17 19 

Unipolar o to +5V 18 N.C. 20 
Oto+ 10V 18 N.C. N.C. 

Bipolar ±2.5V 18 20 20 
±5V 18 20 N.C. 
±10V 19 20 15 

CURRENT OUTPUT HI-56871 

FIGURE 3 
tRB should equal the DAC's output resistance, which is 2KSl// 
RFEEDBACK. 

EXTERNAL AMPLIFIER CONNECTIONS 
To use the HI-56871 with an external amplifier, connect as follows: 

RANGE PIN 17 PIN 18 PIN 19 PIN 20 
to to to to 

o to +10V N.C. B 18" 19" 
o to +5V N.C. B 15 N.C. 

±10V 15 N.C. B N.C. 
±5V 15 B 18" 19" 

±2.5V 15 B 15 N.C. 

"these connections help reduce stray capacitance in the feedback 
loop. 

GAIN AND OFFSET CALIBRATION 

(Applies to Figure 2 and 3.) 
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UNIPOLAR CALIBRATION 

Step 1: 0 flset 
Turn all bits OFF (11 ... 11 
Adjust R2 for zero volts out 

Step 2: Gain 
Turn all bits 0 N (00 ... 0) 
Adjust Rl for FS·l LSB 
That Is: 

4.9988 for 0 to +5V range 
9.9976 for 0 to +10V range 

BIPOLAR CALIBRATION 

Step 1: Offset 

Step 2: Gain 

Turn all bits OFF (11...1) 
Adjust R2 for Negative FS 
That Is: 

-10V for ±10V range 
-5V for ±5V range 
-2.5V for ±2.5 range 

Turn all bits ON (00 ... 0) 
Adjust Rl for positive FS·l LSB 
That Is: 

+9.9951V for ±10V range 
+4.9976V for ±5V range 
+2.4988V for ±2.5V range 

This Bipolar procedure adjusts the, output range end points. 
The maximum error at zero (half scale) will not exceed 
the linearity error. See the "Accuracy" specifications. 



~ H.ARRIS HI-5690V/95V/97V 

Features 
• Voltage Output with Fast Settling ....................... 750ns 

High Slew Rate ..................................................... 50Vlps 
• Industry Standard Pinout - AD-DAC 80 & HI-5680 

Compatible 
• Two-Supply Operation ........................... 11.4V to 16.5V 

-11.4V to -16.5V 
• Low Noise Voltage Reference 

l/f (O.lHz to 10Hz) .......................•.................... 15pVp_p 
• Guaranteed Monotonic Over Full Temperature Range 
• Application Resistors On-Chip 
• Complementary Binary Input Code 
• Voltage Output 
• Complete Family of Temperature Grades 

Description 
The HI-5690V series of complete 12 bit digital to analog 
converters includes a low noise, low temperature 
coefficient buried zener reference and a fast settling 
output amplifier. The series consists of the HI-5690V, 
-5695V and -5697V, for the commercial, industrial and 
military temperature ranges. Monolithic construction 
along with several design innovations make these 
converters an optimum choice for high speed, high 
reliability applications. 

The Harris unique Dielectric Isolation (01) processing re­
duces internal parasitics, resulting in fast switching times 
and minimum glitch. Wafer-level laser trimming of span 
resistors and bit current cells ensures high accuracy and 
exceptional tracking over temperature. 

Internally, the HI-5690V series eliminates code dependent 
ground currents by routing current from the positive 
supply to the internal ground node, as determined by an 

Pinouts 

High Speed, 12-Bit Low Cost Monolithic 
Digital-to-Analog Converter 

Applications 
• High Speed AID Converters 

• Precision Instrumentation 

• CRT Display Generation 

auxiliary R-2R ladder. This results in a cancellation of 
code dependent ground currents, allowing virtually zero 
variation in current through the package common, thus 
minimizing analog ground noise seen by the converter. 

The HI-5690V series operates from two supplies ±VS in 
the range of ±11.4 Volts to ±16.5 volts. It is pin compatible 
with the AD-DAC 80 series and HI-5680 series, and since 
Pin 13 is not internally connected (Logic supply on 
standard 5680's) this device is compatible in applications 
with or without +5 Volts applied to Pin 13. The converter 
performance is guaranteed over the full power supply 
operating range, but not all output ranges are available 
with low supply voltages. The package is a 24 pin Ceramic 
Sidebrazed DIP. For Mil-Std-883 compliant parts, request 
the HI-5697V!883 data sheet. 

DIP 
TOP VIEW 

(MSBi BIT 1 

BIT 2 

BIT 3 

BIT 4 

BIT 5 

BIT 6 

BIT 7 

BIT 8 

BIT 9 

BIT 10 

BIT 11 

(LSBi BIT 12 

10 

11 

12 

21 

6.3V REF OUT 

GAIN ADJUST 

+Vs 

COMMON 

LJUNCTION 

20V RANGE 
10V RANGE 

BIPOLAR OFFSET 

REF INPUT 

VOUT 

-Vs 

NC 

CAUTION: These devIces are sensitive to electrostatic discharge. Proper Ie handling procedures should be followed. 
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Specifications HI-5690V /95V /97V 

Absolute Maximum Ratings (Note 1) 

Power Supply Inputs +Vs ........................................... +20V 
-Vs ............................................ -20V 

Reference 
Input (pin 16) +Vs 
Output can be shorted to common or either supply 
Analog output can be shorted to common or either 
supply. (Note 2) 

Digital Inputs 
Bits 1 to 12 ..................................................... -1V to +12V 

Junction Temperature ............................................... 1750 C 

Operating Temperature Range 

HI-5690V-5 ..................................................... 00 C to +750 C 
HI-5695V-4 .................................................. -250 C to +850 C 
HI-5697V-2 ................................................ -550 C to +1250 C 
HI-5697V /883 .............................. See Separate Data Sheet 
Storage Temperature Range .................. -650 C to +1500 C 

Electrical Specifications (T A = +250 C, Vs = ±15V. Pin 16 connected to Pin 24, unless otherwise noted. RL = 2kO) 

HI-5690V, HI-5695V, and HI-5697V 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

DIGITAL INPUT (Note 3) 
Resolution 12 Bits 
Logic Levels TTL Compatible 

Logic '1' +1/lA +2 +5.5 Volts 
Logic '0' -100/lA 0 +0.8 Volts 

Input Currents 
IIH +2V +1 /lA 
IlL +0.8V -100 /lA 

ACCURACY (Note 3) 
Linearity Error All grades +250 C ±3/16 ±1/2 LSB 

HI-5690V, HI-5695V ±1/5 ±1/2 LSB 
HI-5697V ±1/4 ±3/4 LSB 

Differential Linearity Error 
HI-5690V, HI-5695V ±1/5 ±3/4 LSB 
HI-5697V ±1/4 ±1 LSB 

Monotonicity Guaranteed 

Gain Error (Note 4) 
HI-5690 +250 C ±0.05 ±0.30 %FSR (5) 
HI-5695V, HI-5697V +250 C ±0.05 ±0.20 %FSR 

Offset Error (Note 4) 
HI-5690V +250 C ±0.02 ±0.15 %FSR 
HI-5695V, HI-5697V +250 C ±0.02 ±0.10 %FSR 

THERMAL DRIFT (Note 3) 
Total Bipolar Drift (Includes gain, 

offset & linearity drifts.) 
HI-5690V ±15 ±25 ppm/OC 
HI-5695V ±10 ±20 ppm/OC 
HI-5697V ±15 ±30 ppm/OC 

Gain 
HI-5690V ±10 ±30 ppm/OC 

HI-5695V, HI-5697V ±8 ±20 ppm/OC 
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Specifications HI-5690V /95V /97V 

HI-5690V, HI-5695V, and HI-5697V 

PARAMETER CONDITIONS MIN TYP MAX 

Unipolar Offset ±1.5 ±4 
Bipolar Offset ±5 ±15 

Total Error (Note 6) 
Unipolar 

HI-5690V ±0.08 ±0.17 
HI-5695V ±0.10 ±0.20 
HI-5697V ±0.13 ±0.30 

Bipolar 
HI-5690V ±0.06 ±0.12 
HI-5695V ±0.09 ±0.12 
HI-5697V ±0.12 ±0.30 

CONVERSION SPEED (Note 3) 
to ±0.01% of FSR 

Settling Time (Note 3) for FSR Change 

With 10kO Feedback 
FSR = 20V; ±15V 0.9 1.5 
Supplies 

With 5kH Feedback FSR = 10V 0.75 1.2 
For 1 LSB change Major Carry 0.50 

Slew Rate 50 

ANALOG OUTPUT 
Output Current ±5 0.05 
Output Resistance DC 

INTERNAL REFERENCE 
Output Voltage +6.250 +6.3 +6.350 
Output Resistance DC 1.5 
External Current +2.5 
Reference Drift ±5 ±20 
Output Noise at +250 C 

Wideband 10Hz to 10kHz 12.5 
Low Frequency 0.1Hz to 10Hz 15 

POWER SUPPLY 
SENSITIVITY (Note 3) 

+Vs (Pin 22) 0.0008 0.002 
-Vs (Pin 14) 0.001 0.002 

POWER SUPPLY 
REQUIREMENT (Note 7) 
Range 

+Vs (Pin 22) +11.4 +15 +16.5 
-Vs (Pin 14) -11.4 -15 -16.5 

Current 
+Vs (Pin 22) S +15V 18.5 22 
-Vs (Pin 14) ~ -15V -20.5 -26 
Pin 13 (No Connection) 0 
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UNITS 

ppm/oC 
ppm/OC 

OfoFSR 
OfoFSR 
%FSR 

%FSR 
%FSR 
OfoFSR 

f.J.s 

f.J.s 

f.J.S 
V/f.J.S 

mA 
0 

V 
n 

mA 
ppm/oC 

f.J.Vrms 
f.J.Vp-p 

% FSR/OfoVs 
%FSR/OfoVs 

V 
V 

mA 
mA 
mA 
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HI-5690V /95V /97V 

NOTES: 1. Absolute maximum ratings are limiting values, applied individually, beyond whIch the serviceability of the circuit may be Impaired. 
FUnctional operation under any of these conditions is not necessarily implied. 

2. The output is designed to withstand a temporary short to common or either supply for at least one minute. 

3. See definitions. 

4. Adjustable to zero using external potentiometers. 

5. FSR is "Full Scale Range" and is equal to the full scale output voltage minus the zero scale output voltage (i.e. 20V for ±10V range, 
10V for ±5V range. etc.) 

6. With gain and offset errors adjusted to zero at 2SoC. 

7. The HI-S69XV series will operate with supply voltages as low as ±11.4V.lt is recommended that output voltage range -10V to +10V 
not be used if the supply voltages are less than ±13V. 

Digital Inputs 

The HI-5690V series accepts digital input codes in com­
plementary binary, complementary offset binary, and 
complementary two's complement binary. 

DIGITAL 
INPUT 

MSB LSB 
000 ... 000 
100 ... 000 
111 ... 111 
011 ... 111 

COMPLE­
MENTARY 

BINARY 

.. Full Scale 
Mid Scale -1 LSB 

Zero 
xl/2 Full Scale 

ANALOG OUTPUT 

COMPLE­
MENTARY 
OFFSET 
BINARY 

'<Full Scale 
-1 LSB 

-Full Scale 
Zero 

COMPLE­
MENTARY 

TWO's 
COMPLEMENT' 

-LSB 
'<Full Scale 

Zero 
-Full Scale 

'Invert MSB with external inverter to obtain CTC Coding 

Settling Time 

That interval between application of a digital step input, 
and final entry of the analog output within a specified win­
dow about the settled value. Harris Semiconductor 
usually specifies a unipolar 10V full scale step, to be mea­
sured from 50% of the input digital transition, and a win­
dow of ±1/2 LSB about the final value. The device output 
is then rated according to the worst (longest settling) 
case: low to high, or high to low. In a 12 bit system ±1/2 
LSB = ±0.012% of FSR. 

Thermal Drift 

Thermal drift is based on measurements at +250 C, at high 
(TH) and low (TL) temperatures. Drift calculations are 
made for the high (TH-250 C) and low (+250 C-TL) ranges, 
and the larger of the two values is given as a specification 
representing worstcase drift. 

Gain Drift, Offset Drift, Reference Drift and Total Bipolar 
Drift are calculated in parts per million per oC as follows: 

Gain Drift = t. FSR/ -,,°C x 106 
FSR 

Offset Drift = 
j, Offset/ j,oC 

FSR 

Reference Drift = 
j, VREF/ ClOC 

VREF 

j,Vo/j,°C 
Total Bi polar Drift= 

FSR 
x 106 

NOTE: FSR = Full Scale Output Voltage 

- Zero Scale Output Voltage 

-" FSR = FSR (TH) - FSR (+250C) 
or FSR (+250C) - FSR (TU 

Vo = Steady-state response to any input code. 

Total Bipolar Drift is the variation of output voltage with 
temperature, in the bipolar mode of operation. It repre­
sents the net effect of drift in Gain, Offset, Linearity and 
Reference Voltage. Total Bipolar Drift values are cal­
culated, based on measurements as explained above. 
Gain and Offset need not be calibrated to zero at +250 C. 
The specified limits for TBD apply for any input code and 
for any power supply setting within the specified operat­
ing range . 

Accuracy 

LINEARITY ERROR (Short for "Integral Linearity Error". 
Also, sometimes called "Integral Nonlinearity" and "Non­
linearity".) - The maximum deviation of the actual transfer 
characteristic from an ideal straight line. The ideal line is 
positioned according to end-point linearity for D/A con­
verter products from Harris Semiconductor, i.e. the line is 
drawn between the end-points of the actual transfer char­
acteristic (codes 00 ... 0 and 11...1). 

DIFFERENTIAL LINEARITY ERROR - The difference be­
tween one LSB and the output voltage change corres­
ponding to any two consecutive codes. A Differential 
Nonlinearity of ±1 LSB or less guarantees monotonicity. 

MONOTONICITY - The property of a D/A converter's 
transfer function which guarantees that the output 
derivative will not change sign in response to a sequence 
of increasing (or decreasing) input codes. That is, the 
only output response to a code change is to remain 
constant, increase for increasing code, or decrease for 
decreasing code. 

TOTAL ERROR - The net output error resulting from all 
internal effects (primarily non-ideal Gain, Offset, linear­
ity and Reference Voltage). Supply voltages may be set to 
any values within the specified operating range. Gain and 
offset errors must be calibrated to zero at +250 C. Then the 
specified limits for Total Error apply for any input code 
and for any temperature within the specified operating 
range. 

Power Supply Sensitivity 

Power Supply Sensitivity is a measure of the change in 
gain and offset of the D/A converter resulting from a 
change in -Vs, or +Vs supplies. It is specified under DC 
conditions and expressed as full scale range percent of 
change divided by power supply percent change. 
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HI-5690V 195V 197V 

PS.S. ~ 

Glitch 

~ Full Scale Range x 100 

Full Scale Range (Nominal) 

~ Vs x 100 

Vs (Nominal) 

A glitch on the output of a D/A converter is a transient 
spike resulting from unequal internal ON-OFF switching 
times. Worst case glitches usually occur at half-scale, i.e. 
the major carry code transition from 011...1 to 100 ... 0 or 
vice versa. Forexample, if turn ON is greater than OFF for 
011...1 to 100 ... 0, an intermediate state of 000 ... 0 exists, 
such that, the output momentarily glitches toward zero 
output. Matched switching times and fast switching will 
reduce glitches considerably. (Measured as one half the 
product of duration and amplitude.) 

Oecoupling and Grounding 

For best accuracy and high frequency performance, the 
grounding and decoupling scheme shown in Figure 1 
should be used. Decoupling capacitors should be 
connected close to the HI-569XV (preferably to the device 
pins) and should be tantalum or electrolytic bypassed 
with ceramic types for best high frequency noise 
rejection. 

-Vs +Vs 

O.OlP F O.01~F 

FIGURE 1. 

Reference Supply 

An internal 6.3 Volt reference is provided on board all 
HI-569XV models. This voltage (pin 24) is accurate to 
±0.8% and must be connected to the reference input (pin 
16) for specified operation. This reference may be used 
externally, provided current drain is limited to 2.5mA. An 
exteral buffer amplifier is recommended if this reference 
is to be used to drive other system components. 
Otherwise, variations in the load driven by the reference 
will result in gain variations of the HI-569XV. All gain 
adjustments should be made under constant load 
conditions. 

Output Voltage Ranges 
HI-S69XV 

FIGURE 2. 

RANGE CONNECTIONS 

CONNECT 

PIN PIN PIN 
RANGE 15 17 19 

Unipolar o to +5V 18 N.C. 20 

o to +lOV 18 N.C. N.C. 

Bipolar ±2.5V 18 20 20 

±2.5V 18 20 N.C. 

±10V 19 20 15 

Gain and Offset Calibration 

UNIPOLAR CALIBRATION 

Step 1: Offset 
Turn all bits OFF (11 .. 1) 
Adjust R2 for zero volts out 

Step 2: Gain 
Turn all bits ON (00 ... 0) 
Adjust R1 for FS-1LSB 
That is: 

4.9988 for 0 to +5V range 
9.9976 for 0 to +10V range 

BIPOLAR CALIBRATION 

Step 1: Offset 
Turn all bits OFF (11...1) 
Adjust R2 for Negative FS 
That Is: 

-10V for ±10V range 
-5V for ±5V range 
-2.5V for ±2.5 range 

Step 2: Gain 
Turn all bits ON (00 ... 0) 
Adjust R1 for positive FS-1LSB 
That is: 

+9.9951V for ±10V range 
+4.9976V for ±5V range 
+2.4988V for ±2.5V range 

This Bipolar procedure adjusts the output range end points. The 

maximum error at zero (half scale) will not exceed the Linearity error. 

See the "Accuracy" specifications. 
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HI-5690V 195V 197V 

Functional Block Diagram 

17 16 24 21 
REF 22 13 

16k 1~ 16k '" ," 16k 16k ," 16k 16k 

Die & Package Characteristics 

Transistor Count ....................................................................... 280 
Die Size ................................................................... 219 x 123 mils 
Thermal Impedance; 

0ja ............................................................................. 490 C/W 
0jc ............................................................................. 120 C/W 

Tie Substrate to: ............................................................... Ground 
Process .......................................................................... Bipolar-DI 
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I) H.ARRIS 

Features 

• 16 BIT RESOLUTION 

• MONOLITHIC 01 BIPOLAR CONSTRUCTION 

• FAST SETTLING TIME 1 p.s TO .003%FS 

• LOW OIFF. NONLIN. DRIFT ±0.3ppm/oC 

• LOW GAIN DRIFT ± lppm/oC 

• ON-CHIP SPAN & OFFSET RESISTORS 

• TTL/5V-CMOS COMPATIBLE 

• LOWUNIPOLAROFFSET :::;1/2LSB@+250C 

• LOW UNIPOLAR OFFSET T.C. ± 0.2ppm/OC 

• EXCELLENT STABILITY 

Applications 

• HIGH RESOLUTION CONTROL SYSTEMS 

• HIGH FIDELITY AUDIO RECONSTRUCTION 

• PRECISION FUNCTION GENERATION 
AND INSTRUMENTATION 

Pinout 

-Vps- 1 
CONTROL AMP. -IN - 2 
CONTROL AMP. +IN - 3 

10VSPAN R- 4 
BIPOLAR 0/5 - 5 

lOUT - 6 
N.C.- 7 
N.C._ 8 

20VSPAN R _ 9 
N.C.-10 

VREF IN- 11 
ANALOG GND _ 12 

N.C.- 13 
N.C._ 14 
N.C.- 15 
N.C.- 16 

GNDTERM- 17 
±5V TERM R - 18 

t10V TERM R - 19 
N.C.- 20 

TOP VIEW 

40 e-P.s.GND 
39 c-+VPS 
38 _BIT 1 (MSB) 
37-81T2 
36 -BIT3 
35 _BIT4 
34 -BIT5 
33 _BIT6 
32 _BIT7 
31 -BITS 
30 -BIT9 

29 f-BIT 10 
2S f-BIT 11 
27 f-BIT 12 
26 f-BIT 13 
25 f-BIT 14 
24 f- BIT 15 
23 f- BIT 16 ILSB) 
22 I-- N.C. 
21 f- N.C. 

HI·DAC16BI 
DAC16C 
16-Bit D to A Converter 

Description 

The HARRIS HI-DAC16 is a 16-bit, current output D/A converter. 
Single chip construction includes thin-film application resistors 
for use with an external op amp. These permit standard output 
voltage ranges of a to +5V, a to +10V, ±2.5V, ±5V and ±lOV. 
The HI-DAC16B is monotonic to 15 bits; and the HI-DAC16C to 
14 bits. 

Reference and span resistors have adjacent placement on the chip· 
for optimum match and thermal tracking. Futhermore, this layout 
feature helps minimize the superposition error caused by self­
heating of the span resistor, reducing it to less than 1/10LSB~ 
This and other design innovations have produced exceptionally 
stable operation over temperature. Typical temperature coefficient. 
are ± 1 ppm/oC for gain error and O.3ppm/oC for differential non­
linearity error. 

The internal architecture is an extension of the earlier H 1-562 
with several major improvements. All code dependent ground 
currents are steered to a separate non-critical path, namely, power 
supply ground, This feature allows the precision ground of the 
converter to be sensed with virtually zero voltage drop referred to 
system ground. The result is the complete elimination of non­
linearities due to code dependent ground currents while yielding an 
extremely low unipolar offset of less than 1/2LSB. Because of this 
separation, the user may route the precision ground some distance 
to the system ground without degrading converter accuracy. 

The HARRIS HI-DAC 16 delivers a stable, accurate output with­
out sacrifice in speed. Settling time to within ±O.003% is one 
microsecond. Overall performance of this monolithic device should 
be attractive for applications such as high fidelity audio and high­
resolution control systems. 

Two accuracy grades are offered, and typical power dissipation is 
465mW. Package is a 40 pin ceramic DIP. For further informa­
tion, see Application Note 539. 

CAUTION: These devices are sensitive to electrostatic discharge. Proper Ie handling procedures should be followed. 
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(l) 
I 

(Jl 
00 

11 12 
VREF ANALOG 

39 

+VPS 

10K 

3 
CONTR.AMP,+IN 

3.3K 

CONTR. AMP, -IN 

IN GND 

2 

GROUND 
CURRENT 

CANCELLATION1 CIRCUIT 1---; 
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Specifications HI-DAC16B/DAC16C 

0 
Absolute Maximum Ratings (Referred to Ground) CO ,.... 

Power Supply Inputs Vps+ +20V Junction Temperature 1750 C 
...... 
£Xl 

Vps- -20V Operating Temperature Range CO 
Reference Inputs VREF (Hi) ±.Vps 

,.... 
0 

Digital Inputs Bits 1 to 16 -IV,+12V HI-DAC 16B/C D"C to +75"C <C 
C 

Outputs ±'Vps Storage Temperature Range -65"C to + 15O"C ..!.. 
:I: 

Electrical Specifications (TA = +25°C, Vps = ±15V, Vref = + 10V, unless otherwise specified) 

HI-DAC16B HI-DAC16C 

PARAMETER CONDITIDNS MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Digital Inputs Bit DN "Logic 1" 
Bit DFF "Logic 0" 

Input Voltage 
Logic "1" 2.0 2.0 V 
Logic "0" 0.8 0.8 V 

Full Temperature Range 
Input Current 
Logic "1" 20 500 20 500 nA 
Logic "0" -50 -50 /i A 

Reference Input 
Input Resistance 10 10 kD 
Input Voltage 10 10 

III 
V II: 

C w 
TRANSFER 'Ii: 
CHARACTERISTICS 

Ow 
'7> 
QZ 

Resolution Full Temperature Range 16 16 Bits ° (J 

Nonlinearity 25 0 C ±0.0023 ±0.0045 %FSR(3) 
Full Temperature Range ±0.0045 ± 0.009 

Differential 250 C ±0.0015 ±0.003 %FSR 
Nonlinearity Full Temperature Range ±0.003 :!:.0.006 

Relative Accuracy (5) With 100D(1%) Trim Resistors 

Unipolar Gain Error All Bits ON ±0.1 ±0.25 :!:'0.1 :!:.0.25 

Bipolar Offset Error All Bits OFF ± 0.15 ±0.43 ±0.15 ±0.43 %FSR 
Unipolar Offset Error ± 0.002 ± 0.05 :!:.0.002 :!:.0.05 

Adjustment Range See Operating Instructions 

Gain Using Trim Potentiometers .±3 :!:.3 %FSR 
Bipolar Offset as shown in Figure 1 ±'0.43 :!:.0.43 

Temperature Stability Drift specified with internal 
span resistors for voltage output 

Gain Drift (2) Full Temperature Range ± 1 ±5 .±.1 :!:.5 ppm of 
Offset Drift (2) FSR/oC 
Unipolar Offset All Bits OFF ±O.2 :!:'0.2 
Bipolar Offset :to.5 :!:.0.5 

Differential Nonlinearity Full Temperature Range ±'0.3 '±'0.3 

Settling Time (2) All Bits ON-to-OFF or 1.0 1.0 /is 
to :t 0.003%FS OFF-to-DN 
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Specifications HI-DAC168/DAC16C 

I 
PARAMETER CONDITIONS MIN 

Glitch (2) From 0111 ... 1 to 100 ... 0 
orl00 ... 0toOll ... l 

Power Supply (2) 
Rejection Ratio. PSR R (3) 

Vps+ 
Vps-

OUTPUT 
CHARACTE RISTICS 

Output Current 
Unipolar -1.6 
Bipolar ±0.8 

Resistance 

Capacitance 

Output Voltage Ranges Using external op amp 

Unipolar and internal scaling 
resistors. See Figure 1 

Bipolar and Table 1 for connections 

Compliance limit (2) -3 

Compliance Voltage (2) Full Temperature Range 

Output Noise 0.1 to 5MHz (All bits ON) 

POWER REQUIREMENTS 

Vps+ (7) Full Temperature Range 13.5 
Vps- -13.5 

Ips+ (4) All Bits ON or OFF 
Ips- (4) Full Temperature Range 

Power Dissipation 

NOTES: 

1. Absolute' maximum ratings are limiting values, applied 
individually, beyond which the serviceability of the circuit 
may be impared. Functional operation under any of these 
conditions is not necessarily implied. 

2. See Definitions. 

3. FSR is "full scale range" and is 20V for±IOV range, 10V 
for ±5V range, etc., or 2mA (±.20%) for current output. 

-25 

HI-DAC16B HI-OAC16C 

TYP MAX MIN TYP MAX UNITS 

1300 1300 mV-ns 

1.5 1.5 ppm of 
1.5 1.5 FSR/% Vps 

-2 -2.4 -1.6 -2 -2.4 
mA 

±1 t1.2 to.8 tl ± 1.2 

2.5k 2.5k 

10 10 pF 

o to +5 o to +5 

o to +10 Oto +10 
±2.5 ±2.5 V 

±5 i5 
±.10 ± 10 

+10 -3 +10 V 

±1 ±.1 V 

30 30 IlVRMS 

+15 16.5 13.5 +15 16.5 
-15 -16.5 -13.5 -15 -16.5 V 

+13 +18 +13 +18 
-18 -25 -18 mA 

465 465 mW 

4. After 30 seconds warm-up. 

5. Using an external op amp with internal span resistors and 
specified external trim resistors in place of potentiometers 
Rl and R2. Errors are adjustable to zero using Rl and R2 
potentiometers. (See Operating Instructions Figure 2.) 
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HI-DAC168IDAC16C 

Definition of Specifications 

DIGITAL INPUTS 

The HI-OAC 16B/C accepts digital input codes in binary format 
and may be user connected for anyone of three binary codes_ 
Straight Binary, Two's Complement, or Offset Binary. (See 
Operation Instructions). 

ANALOG OUTPUT 

DIGITAL Straight Offset Two's 
INPUT Binary Binary Complement * 

MSB LSB 
000 ... 000 Zero -FS 9(Full Scale) Zero 
100 ... 000 l'2FS Zero -FS 
111...111 +FS -1 LSB +FS -1 LSB Zero - 1 LSB 
011...111 Y,FS - 1 LSB Zero - 1 LSB +FS -1 LSB 

*Invert MSB with external inverter to obtain Two's 
Complement Coding 

ACCURACY 

INTEGRAL NONLINEARITY - The maximum deviation of the 
actual transfer characteristic from an ideal straight line. The 
ideal line is positioned according to "end-point linearity" for 
O/A converter products from Harris Semiconductor, i.e. the line 
is drawn between ·the end-points of the actual transfer charac­
teristic (codes 00 ... 0 and 11...1). 

DIFFERENTIAL NONLINEARITY - The difference between 
one LSB and the output voltage change corresponding to any 
two consecutive codes. A 0 ifferen'tial Nonlinlllrity of 2:1 LSB or 
less guarantees monotonicity. 

MONOTONICITY - The property of a OIA converter's transfer 
function which guarantees that the output derivative will not 
change sign in response to a sequence of increasing (or de­
creasing) input codes. That is, the only output response to a 
code change is to remain constant, increase for increasing code, 
or decrease for decreasing code. 

SETTLING TIME 

Settling time is the time required for the output to settle to 
within the specified error band for any input code transition. 
It is usually specified for a full scale or major carry transition. 

DRIFT 

GAIN DRIFT - The change in full scale analog output over the 
specified temperature range expressed in parts per million of 
full scale per"C (ppm of FSR/"C). Gain error is measured with 
respect to +25°C at high (TH) and low (TL) temperatures. 
Gain drift is calculated for both high (TH -25°G) and low 
ranges (+25"C-TL) by dividing the gain error by the respective 
change in temperature. The specification is the larger of the 
two representing worst case drift. 

OFFSET DRIFT - The change in analog output with all bits 
OFF over the specified temperature range expressed in parts 
per million of full scale range per "C (ppm of FS RrC). Offset 
error is measured with respect to +25°C at high (TH) and low 
(TL) temperatures. Offset Drift is calculated for both high 
(TH-25°C) and low (+25"C -TLl ranges by dividing the 
offset error by the respective change in temperature. The 
specification given is the larger of the two, representing worst-
case drift. . 

POWER SUPPLY SENSITIVITY 

Power Supply Sensitivity is a measure of the change in gain and 
offset of the OIA converter resulting from a change in -15V, 
or +15V supplies. It is specified under DC conditions and 
expressed as parts per million of full scale range per percent of 
change in power supply (ppm of FSR/%). 

COMPLIANCE 

Compliance Voltage is the maximum output voltage range that 
can be tolerated and still maintain its specified accuracy. Com­
pliance Limit implies functional operation only and makes no 
claims to accuracy. 

GLITCH 

A glitch on the output of a 01 A converter is a transient spike 
resulting from unequal internal ON-O FF switching times. Worst 
case glitches usually occur at half-scale or the major carry code 
transition from 011 ... 1 to 100 ... 0 or vice versa. For example, 
if turn ON is greater than turn OFF for 011. .. 1 to 100 ... 0, an 
intermediate state of 000 ... 0 exists, such that, the output 
momentarily glitches toward zero output. Matched switching 
times and fast switching will reduce glitches considerably. 
(Calculated as the product of duration anil amplitude.) 
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HI-DAC168/DAC16C 

Operating Instructions 

UNIPOLAR AND BIPOLAR VOLTAGE OUTPUT 
CONNECTIONS 

FIGURE 1 

+15V 
BIPOLAR 
OFFSET 
AOJUST ~

IDDKn Y UNIPOLAR 
D R3 pOKn OFFSET 

loon 6 ADJUST 
-15V 

+15V 

ZOKll! 500Kll 3 

1 RZ 
-15V 
GAIN 

ADJUST 

UNIPOLAR 
MOOE 

BIPOLAR 
MOOE 

OUTPUT 
RANGE 

Oto+l0V 
o to +5V 

±10V 
±5V 
.±2.5V 

TABLE 1 

CONNECTIONS 

PIN5 PIN4 PIN9 PIN B 
to to to to 

0 A N.C. 19 
0 A PIN6 * 

C N.C. A 19 
C A N.C. 18 
C A 6 * 

*Connect an external 1.1 K ohm resistor to ground. 

Other Considerations 

GROUNDS 

OUT 

The HI-OACIS has two ground terminals, pin 12 (REF GNO) 
and pin 40 (PWR GNO). These should not be tied together 
near the package unless that point is also the system signal 
ground to which all returns are connected. (If such a point exists, 
then separate paths are required to pins 12 and 40). 
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GAIN AND ZERO CALIBRATION 

The H I-OAC 16B/C input reference resistor, bipolar offset 
resistor and span resistors are optimized for excellent tracking 
over temperature. LASE R trimming of the reference circuit 
resistors corrects the unipolar Gain and Offset errors to high 
accuracy. The remaining error can be adjusted with trimming 
potentiometers. The bipolar Gain and Offset errors are greater 
since the LASE R correction is done in the unipolar mode, how· 
ever these too are easily adjusted. Figure 1 illustrates the 
connections for unipolar and bipolar operation. Trimming 
potentiometers Rl, R2, and R3 are required for adjustment. 

UNIPOLAR CALIBRATION 

Step 1: Offset 
• Turn all bits OFF (00 .. 0) 
• Adjust R3 for zero volts output 

Step 2: Gain 
• Turn all bits ON (11..1) 
• Adjust R2 for an output of FS~l LSB 

That is, adjust for: 

9.999847 for +10V range 
4.999924 for +5V range 

BIPOLAR CALIBRATION 

Step 1: Offset 
Turn all bits 0 FF (00 .. 0) 
Adjust R 1 for an output of 
-10V for ± 10V range 
-5V for ± 5V range 
-2.5V for ± 2.5V range 

Step 2: Gain 
Turn all bits ON (11..1) 
Adjust R2 for FS·l LSB output 
That is, adjust for: 

9.999695 for ± 10V range 
4.999847 for ± 5V range 
2.499924 for ± 2.5V range 

The current through pin 12 is near-zero OC*, but pin 40 carries 
up to 1.75mA of code - dependent current from bits I, 2, and 3. 
The general rule is to connect pin 12 directly to the system 
signal, or analog ground. Connect pin 40 to the local digital 
or power ground. Then, of course, a single path must connect 
the analog/signal and digital/power grounds. 



HI-DAC168IDAC16C 

Other Considerations (Continued) 

*Current cancellation is a two-step process in which code­
dependent variations are eliminated, then the resulting DC 
current is supplied internally_ First, an auxiliary 13-bit R-2R 
Ladder is driven by the complement of the OAC's input code_ 
Together the main and auxiliary ladders draw a continuous 
3_25mA from the internal ground node, regardless of input code_ 
Part of this 0 C current is supplied by the zener voltage refer­
ence, and the remainder is sourced from the positive supply 
via a current mirror which is laser trimmed for zero current 
through the external terminal (pin 12). 

LAYOUT 

Connections to pin 6 (lOUT) on the HI-OACI6 are most 
critical for high speed performance_ Output capacitance of the 
OAC is only 10pF, so a small additional capacitance will alter 
the op amp's stability and affect settling time_ Connections to 
pin 6 should be short and few_ Component leads should be 
short on the side connecting to pin 6. 

BYPASS CAPACITORS 

Power supply bypass capacitors on the op amp will serve the 
H I-OACI6 also. If no op amp is used, a 0.0 1/J F ceramic capa­
citor from each supply terminal to pin 40 is sufficient, since 
supply current variations are small. 

THERMAL EFFECTS 

A consideration when using the OAC16 is Temperature Stability. 
In applications where full scale shift could be a problem, the use 
of a heat sink and/or a cooling fan is suggested. This will de­
crease the magnitude of the total variation by lowering the effec­
tive thermal resistance between the package and its environment. 
The device should be kept in a stable isothermal environment, 
and a warm-up time consistent with accuracy requirements 
should be provided. 

SELECTING AN OPERATIONAL AMPLIFIER 

The HI-OACI6 is a high resolution, high accuracy OAC. Many 
applications will require an op-amp used as a current-to-voltage 
converter at the OAC output. (Careful consideration should be 
given the choice of this amplifier as a poor selection can serious­
ly degrade the inherent qualities of the OAC.) 

The HA-5130 is an excellent choice to maintain high accuracy 
with an average Offset Drift of only 0.4 p V /oC leading to an 
error over temperature of 30 pV (0.0003% FSR for a 10V FS). 
Initial offset and bias current are 10 pV and 3nA respectively, 
while input noise current of 0.2pA/ J"HZ. Settling time is 
adequate for most audio applications. (11}Js typo to 0.1%). 
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COMPOSITE AMPLIFIER 

It is desirable at times to have an output amplifier which 
combines the qualities of those op-amps available to the designer_ 
For instance one may wish to combine the excellent front-end 
characteristics of the HA-5130 with the speed of a device such 
as the HA-2540 (tsettle =250ns to 0.1%). In these instances 
there is the option of the composite amplifier. The basic 
configuration is shown in Figure 2_ 

COMPOSITE AMPLIFIER 

4 
.,~ 

SPAN 

J-l MI4I35 

i 
_. OR EQUIVALENT 

'0 
6 

~ 
'''~ >---4--0'0 

:A-513D 

HA·254D 
HI·OAtI6 -,~ 

Vo = OVTO +10V 

FIGURE 2 

The composite amplifier may be used to achieve a compromise 
depending on the requirements of a design_ Trade-offs in per­
formance can be made and the following equations apply: 

Offset; VOFF = VOFF2 + VOFFI 

A01 
Bias; IBIAS = IBIAS2 + IBIASI 

Gain; Vo V1 = AV(S) = AV2(S) [1 + AV1(S)] 

The amplifier A2 should be of wide bandwidth and fast settling 
time_ 

Die Characteristics 

Transistor Count 
Die Size: 

Thermal Constants; B ja 

Bjc 
Tie Substrate to: 
Process: 

190 
215 x 125 mils 

4JoC/W 
11 0C/W 

Analog Ground 
Bipolar - 01 
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Ordering Information 
HARRIS PRODUCT CODE EXAMPLE 

H A 1 

T J 
-

PREFIX: 
H (HARRIS) 

FAMILY: 
A Analog 
C Communications 
o Digital 
F Filters 
I Interface 
M Memory 
V Analog High Voltage 
Y Analog Hybrids 

PACKAGE: 
1 Dual-In-Line Ceramic 
3 : Dual-In-Line Plastic 
4 : Leadless Chip Carriers (LCC) 
4P: Plastic Leaded Chip Carriers (PLCC) 
5 LCCHybrid 
7 Mini-DIP, Ceramic 
o Chip Form 

2420 2 

-r- T PART NUMBER 

TEMPERATURE: 
1 OOC to +2000 C * 
2 -550 Cto+1250 C 
4 -250 C to +850 C 
5 OOC to + 750 C 
6 100% +250 C Probe (Dice Only) 
7 Dash-7 High Reliability Commercial 

Product OOC to + 750 C 
8 Dash-8 Program 
9 -400C to +850 C 

* Special High Temperature Testing Available on Certain 
Product Types. Consult Factory for Availability. 

Standard Products Packaging Availabilityt 
PLASTIC CERAMIC SURFACE MOUNT 

PACKAGE DIP DIP LCC PLCC 

TEMPERATURE -5 -2 -4 -5 -7 -8 -8 -5 

DEVICE NUMBER 

SAMPLE AND HOLD 

HA-2420 91 * * 
HI-2425 N 91 91 AA 

HI-5320 91 91 91 91 T 

HI-5330 91 91 91 * * 

* Available as MIL -STD-883 Only. 
t Letter codes in this chart indicate available packages as shown in Packaging Section 11. 

Selection Guide 
SAMPLE AND HOLD 

TEMPERATURE RANGE ACQUISmON GAIN 
-55°C (lOC -25°C TIME CHARGE APERT\JRE BANDWIDTH 

PART TO TO TO (TO 0.01%) TRANSFER TIME PRODUCT 
NUMBER FEATURES +1250C +750C +850C PACKAGE TYP.,+250C TYP.,+250C TYP.,+250C TYP.,+250C 

HA-2420 low Charge Transfer X 14 Pin Cerdip, 3.2"" lOpe 30ns 2.5MHz 
HA-2425 low Droop Rate X Epoxy DIP, PlCC 

HA-5320 High Speed Precision X X 14 Pin Cerdip, l~s 0.1 pC 25ns 2.0MHz 
Complete-Includes lCC 
Hold CapacUor 

HA-5330 High Speed Precision X X X 14 Pin Cerdip 0.5~s 0.05pC 20ns 4.5MHz 
Complete-Includes 
Hold CapacUor 
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mHARRIS 

Features 
• Maximum Acquisition Time (1 OV Step to 0.1 %) ... 41ls 

(10V Step to 0.01%) ...•.•.•••...•.•.•.•••.•.•• 61ls 

• Low Droop Rate (CH = 1000pF) ....... SIlV/ms (Typ.) 

• Gain Bandwidth Product •....•.•.•.... 2.SMHz (Typ.) 

• Low Effective Aperture Delay Time .•.•.. 30ns (Typ.) 

• TTL Compatible Control Input 

• ±12V to ±1SV Operation 

Description 
The HA-2420/2425 is a monolithic circuit consisting of a 
high performance operational amplifier with its output in 
series with an ultra-low leakage analog switch and 
MOSFET input unity gain amplifier. 

With an external holding capacitor connected to the switch 
output, a versatile, high performance sample-and-hold or 
track-and-hold circuit is formed. When the switch is closed, 
the device behaves as an operational amplifier, and any of 
the standard op amp feedback networks may be connected 
around the device to control gain, frequency response, etc. 
When the switch is opened the output will remain at its last 
level. 

Performance as a sample-and-hold compares very favor­
ably with other monolithic, hybrid, modular, and discrete 
circuits. Accuracy to better than 0.01 % is achievable over 

Pinouts 
14 PIN CERAMIC/PLASTIC DIP 

TOP VIEW 

OffSET 
ADJ. 

14 SAMiiIT/HOLD 
CONTAOl 

13DND 

20 PAD LCC/PLCC 
TOP VIEW 

HA-2420/25 
Fast Sample and Hold 

Applications 
• 12-Bit Data Acquisition 

• Digital to Analog Deglitcher 
• Auto Zero Systems 

• Peak Detector 
• Gated Operational Amplifier 

the temperature range. Fast acquisition is coupled with 
superior droop characteristics, even at high temperatures. 
High slew rate, wide bandwidth, and low acquisition time 
produce excellent dynamic characteristics. The ability to 
operate at gains greater than 1 frequently eliminates the 
need for external scaling amplifiers. 

The device may also be used as a versatile operational 
amplifier with a gated output for applications such as 
analog switches, peak holding circuits, etc. For more infor­
mation, please see Application Note 517. 

The HA-2420/25 is offered in a 14 pin Ceramic or Plastic 
DIP and a 20 pad Ceramic LCC or 20 pad PLCC. The 
MIL-STD-883 data sheet for this device is available on 
request. 

Functional Diagram 

OFFSET 
ADJUST 

V. 

-INPUT 
OUTPUT 

+INPUT 

SAMPLE/HOLD 14 
CONTROL 

13 11 

GND v- HOLD 
CAPACITOR 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HA-2420/2425 

Absolute Maximum Ratings Operating Temperature Range 
Voltage Between V+ and V- Terminals ..................... 40V 
Differential Input Voltage ................................ ±24V 

HA-2420-2 .....................•...... -55OC~TA ~ +1250C 
HA-2425-5/-7 ..................•......... OOC<TA< +750C 
Storage Temperature Range ............. -650C ~ T A ~+1500C Digital Input Voltage (Sample and Hold Pin) ........... +8V, -15V 

Output Current ......................... Short Circuit Protected 
Junction Temperature ................................ +1750C 

Electrical Specifications Test Conditions (Unless Otherwise Specified) VSUPPLY = ±15.0V; CH = 1000pF; 
Digital Input: VIL = +0.8V (Sample), VIH = +2.0V (Hold), 
UnHy Gain Configuration (Output tied to -Input) 

HA-2420-2 HA-2425-5/-7 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX 
INPUT CHARACTERISTICS 

Input Voltage Range Full ±10 - - ±10 - -
Offset Voltage +250C - 2 4 - 3 6 

Full - 3 6 - 4 8 
Bias Current +250C - 40 200 - 40 200 

Full - - 400 - - 400 
Offset Current +250C - 10 50 - 10 50 

Full - - 100 - - 100 
Input Resistance +250C 5 10 - 5 10 -
Common Mode Range Full ±10 - - ±10 - -
TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Notes 1,4) Full 25K 50K - 25K 50K -
Common Mode Rejection (Note 2) Full -80 -90 - -74 -90 -
Hold Mode Feedthrough Attenuation (Note 3) Full - -76 - - -76 -
Gain Bandwidth Product (Note 3) +25OC - 2.5 - - 2.5 -
OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 1) Full ±10 - - ±10 - -
Output Current +250C ±15 - - ±15 - -
Full Power Bandwidth (Notes 3, 4) +250C - 100 - - 100 -
Output Resistance (D.C.) +250C - 0.15 - - 0.15 -
TRANSIENT RESPONSE 

Rise Time (Notes 3, 5) +250C - 75 100 - 75 100 
Overshoot (Notes 3, 5) +250C - 25 40 - 25 40 
Slew Rate (Notes 3, 6) +25OC 3.5 5 - 3.5 5 -
DIGITAL INPUT CHARACTERISTICS 

Digital Input Current (VIN = OV) Full - - -0.8 - - -0.8 
Digital Input Current (VIN = +5.0V) Full - - 20 - - 20 
Digital Input Voltage (Low) Full - - 0.6 - - 0.8 
Digital Input Voltage (High) Full 2.0 - - 2.0 - -
SAMPLE AND HOLD CHARACTERISTICS 

Acquisition Time to 0.1 % 1 OV Step (Note 3) +250C - 2.3 4 - 2.3 4 
Acquisition Time to 0.01 % 10V Step (Note 3) +25OC - 3.2 6 - 3.2 6 
Aperture Time (Note 9) +250C - 30 - - 30 -
Effective Aperture Delay Time +25OC - 30 - - 30 -
Aperture Uncertainty +25OC - 5 - - 5 -
Drift Current (Notes 3, 7) +25OC - 5 - - 5 -

HA1-2420,HA4-2420 Full - 1.8 10 - - -
HA1-2425 Full - - - - 0.1 1.0 
HA3-2425,HA4P2425 Full - - - - 7.5 10.0 

Hold Step Error (Note 7) +250C - 10 20 - 10 20 

POWER SUPPLY CHARACTERISTICS 

Supply Current (+) +250C - 3.5 5.5 - 3.5 5.5 
Supply Current (-) +250C - 2.5 3.5 - 2.5 3.5 
Power Supply Rejection Full -80 -90 - -74 -90 -

NOTES: 1. RL = 2kn. 
2. VCM = ±10VDC. 

4. VOUT = 20V peak-la-peak. 
5. VOUT = 200mV peek-Ie-peak. 

7. VIN =OV. 
B. fiN ~100kHz. 

UNITS 

V 
mV 
mV 
nA 
nA 
nA 
nA 

MO 
V 

VN 
dB 
dB 

MHz 

V 
mA 
kHz 
0 

ns 
% 

VlIlS 

mA 

iJA 
V 
V 

Ils 

Ils 
ns 
ns 
ns 
pA 
nA 
nA 
nA 
mV 

mA 
mA 
dB 

3. Av = ±1, RL = 2kn, CL = 5OpF. 6. VOUT = 10.0V peak-Ie-peak. 9. Derived from computer simulation only; not tested. 
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HA-2420/2425 

Performance Curves VSUPPLY = ±15VDC, TA = +250 C, CH = l000pF Unless Otherwise Specified 

TYPICAL SAMPLE AND HOLD PERFORMANCE 
AS A FUNCTION OF HOLDING CAPACITOR 

MINIMUM SAMPLE TIME 

1000 ~g: ~wll~ti:~~e~CZ :;0 
~~RIFT DURING HOLD@ Y 

250C MILLIVOLT/SEC ./ 

100 "' ./ 

UNITY GAIN PHASE 
......... MARGIN: DEGRE~S / HOLD STEP 

-:--.. ./ ./ 
OFFSET ERR 
MILLIVOLTS 10 

OR 

" "-- UNITY'CAIN 
BANDWIDTH: 

1.0 

MHz 
I '\. "' 0.1 ......... "-

SLEW RATE/CHARGE 
RATE: VOLTS! .......... MlfROSECON~ 

.01 

10pF 100pF 1000pF 1.0 ~F 

CH VALUE 

DRIFT CURRENT VS. TEMPERATURE 
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./ 
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~~-
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BROADBAND NOISE CHARACTERISTICS 
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HA-2420/2425 

Offset and Gain Adjustment 

HOLD STEP VS. INPUT VOLTAGE 

HOLD STEP VOLTAGE (mV) 

+10 

-10 -5 +5 +10 

I I 
DC INPUT VOLTAGE (V) 

~~~ 

-35 

OFFSET ADJUSTMENT 

The offset voltage of the HA-2420/2425 may be adjusted 
using a 100k!} trim pot, as shown in Figure 6. The 
recommended adjustment procedure is: 

1. Apply zero volts to the sample-and-hold input, and a 
square wave to the S/H control. 

2. Adjust the trim pot for zero volts output in the hold 
mOde. 

INVERTING CONFIGURATION 

5tH CONTROL 
INPUT 

.002RF 

FIGURE 2. 

GAIN ~ -=r 

GAIN ADJUSTMENT 

The linear variation in pedestal voltage with sample-and­
hold input voltage causes a -0.06% gain error (CH = 
1000pF). In some applications (O/A deglitcher, NO 
converter) the gain error can be adjusted elsewhere in the 
system, while in other applications it must be adjusted at the 
sample-and-hold. The two circuits shown below demon­
strate how to adjust gain error at the sample-and-hold. 

The recommended procedure for adjusting gain error is: 

1. Perform offset adjustment. 

2. Apply the nominal input voltage that should produce a 
+10Voutput. 

3. Adjust the trim pot for +10V output in the hold mode. 

4. Apply the nominal input voltage that should produce a 
-10Voutput. 

5. Measure the output hold voltage (V-10 NOMINAL). 
Adjust the trim pot for an output hold voltage of 

(V-10 NOMINAL) + (-10V) 

2 

NONINVERTING CONFIGURATION 

HA-2420t2425 

-IN 5tH 

RF 

CONTROL 

8tH CONTROL 
INPUT 

..flfL 

GAIN ~ I+~ 

FIGURE 3. 
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Test Circuits 

HOLD STEP ERROR TEST 

HA-2420/2425 

HOLD STEP ERROR AND DRIFT CURRENT 

INPUT -IN HA-2420/2425 

Jl.IL 

S/H CONTROL 
INPUT 

FIGURE 4. 

DRIFT CURRENT TEST 

1. With a D.C. input voltage, observe the following wave­
forms: 

1. With a D.C. input voltage, observe the following wave­
forms: 

SlH 4V----n n--- HOLD 
CONTROL OV----J ~ L----SAMPLE 

OUTPUT VSTEP~ 

8tH 4V--r--1 ...,--- HOLD 
CONTROL OV.....J W L- SAMPLE 

OUTPUT----"".. f-- p..;;. -lAY 'J : '-J __ 
~ 

2. Set rise/fall times of 8/H Control to approximately 20ns. 2. Measure the slope of the output during hold, ll.V/ll.t, 
and compute drift current from: ID = CH ll.V/ll.t. 

SINE WAVE 
INPUT 

HOLD MODE FEEDTHROUGH ATTENUATION 

+5 

0i---iIN2 
IN1 

EN 

S/H CONTROL 
INPUT 

IN3 
IN4 
IN5 HI-50BA 

MUX 
IN6 
IN7 
INB 
A2 
A1 

AO 

HA-2420/2425 

OUTI-_--f 

.f.VINP-P 

FIGURE 5. 

NOTE: Compute hold mode feedthrough attenuation from the formula: 

Feedthrough Attenuation = 20 Log Your HOLD 
VIN HOLD 

V 
OUTPUT 

OUTI-_--t-<D 

Where Your HOLD = Peak-ta-Peak value of output sinewave during the hold mode. 
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Acquisition Times (CH = 1000pF) 

-10TO ov 
SiH 

5V 
S/H 

OV 

I 
II 

/ 
V 

2y : '!i' 
OV 

+1V TO OV 

5~ 
S/H 

OV 

OV , 
500rV 'If' 

Schematic 

HA-2420/2425 

+10V TO OV 

5V 

\ 
,\, 
\ 

1\ 
1 

-100mV TO OV 

5~ 

50mV 

OFFSET ADJ 

-1V TO OV 

5~ 

OV 
,I. 

11[' 500mV '!i' 
+100mVTO OV 

S/H 
5V 

OV 

500n5 50rV 500n. 

8tH 
CONTROL SAMPLE I HOLD 

4V 

'--__ OV 

r-------~--~--~--_.--1_--~--_.~+_~~----------------_.--~~--_4~--------~----~~ 

AP 

GNDo-+---t----+--------<~_+_----.J 

R'. 
L-------_+_----------------~~-----<~----_1--~--~---4----~----~-----+----<~-----+-~v-

IN+ 10-

7-8 



HA-2420/2425 

Applications 
BASIC SAMPLE-AND-HOLD 

CONTROL 
TOP VIEW 

OUT 

FIGURE 6. 

NOTES: 

1. Figure 6 shows a typical unity gain circuit, with Offset Zeroing. All of the 
other normal op amp feedback configurations may be used with the 
HA-2420/2425. The input amplifier may be used as a gated amplifier by 
utilizing Pin 11 as the output. This amplifier has excellent drive 
capabilities along with exceptionally low switch leakage. 

2. The method used to reduce leakage paths on the P.C. board and the 
device package is shown in Figure 7. This guard ring is recommended to 
minimize the drift during hold mode. 

Glossary of Terms: 

ACQUISITION TIME: 

The time required following a "sample" command, for the 
output to reach its final value within ±0.1 % or ±0.01 %. This 
is the minimum sample time required to obtain a given 
accuracy, and includes switch delay time, slewing time and 
settling time. 

APERTURE TIME: 

The time required for the sample-and-hold switch to open, 
independent of delays through the switch driver and input 
amplifier circuitry. The switch opening time is that interval 
between the conditions of 10% open and 90% open. 

EFFECTIVE APERTURE DELAY TIME (EADT): 

The difference between propagation time from the analog 
input to the S/H switch, and digital delay time between the 
Hold command and opening of the switch. 

EADT may be positive, negative or zero. If zero, the S/H 
amplifier will output a voltage equal to VIN at the instant the 
Hold command was received. For negative EADT, the 

Die Characteristics 

Transistor Count ................................... 78 
Die Dimensions ....................... 97 x 61 x 19 mils 
Substrate Potential ......................... -VSUPPL Y 

Process .................................... Bipolar 01 

GUARD RING LAYOUT 
BOTTOM VIEW 

CONTROL 

GN°M" ~-'-""-~INI-I 
HOLDING I ~ IN+ 

CAPACITOR' I " ~ 

$ 
¢ 

OUT ~v-

v+~ $ 
~----" 

FIGURE 7. 

3. The holding capacitor should have extremely high insulation resistance 
and low dielectric ·absorption. Polystyrene (below +8S°C), Teflon, or 
Pariene types are recommended. 

For more applications, consult Harris Application Note 517, or factory 
applications group. 

output in Hold (exclusive of pedestal and droop errors) will 
correspond to a value of VIN that occurred before the Hold 
command. 

APERTURE UNCERTAINTY: 

The range of variation in Effective Aperture Delay Time. 
Aperture Uncertainty (also called Aperture Delay Uncertain­
ty, Aperture Time Jitter, etc.) sets a limit on the accuracy 
with which a waveform can be reconstructed from sample 
data. 

DRIFT CURRENT: 

The net leakage current from the hold capacitor during the 
hold mode. Drift current can be calculated from the droop 
rate using the formula: 

10 (pA) = CH (pF) x 

Thermal Constants (OC/W) 

Ceramic DIP 
CeramicLCC 

AV 

AT 
(Volts/sec) 

Sja 

94 
88 

Sjc 

39 
28 
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mHARRIS HA-5320 
High Speed Precision Monolithic 

Sample and Hold Amplifier 

Features Applications 
• Gain, D.C. • • . • • . • . • • . • . . • . . • . . • . . • . . . . .. 2 x 106 V N • Precision Data Acquisition Systems 
• Aquisition Time ..•..•.....•..•....... 1.0/-ls (0.01 %) • Digital to Analog Converter Deglitcher 
• Droop Rate .....•..•..•..•....•• 0.08/-1V//-Is (+250 C) • Auto Zero Circuits 

17/-1V//-Is (Fu" Temperature) • Peak Detector 
• Aperture Time •...••.••......................• 25ns 
• Hold Step Error (See Glossary) ......•..•..•.. 1.0mV 

• Internal Hold Capacitor 

• Fu"y Differential Input 

• TTL Compatible 

Description 
The HA-5320 was designed for use in precision, high 
speed data acquisition systems. 

The circuit consists of an input transconductance amplifier 
capable of providing large amounts of charging current, a 
low leakage analog switch, and an output integrating 
amplifier. The analog switch sees virtual ground as its load; 
therefore, charge injection on the hold capacitor is constant 
over the entire inpuVoutput voltage range. The pedestal 
voltage resulting from this charge injection can be adjusted 
to zero by use of the offset adjust inputs. The device in· 

eludes a hold capacitor. However, if improved droop rate is 
required at the expense of acquisition time, additional hold 
capacitance may be added externally. 

Pinouts 
14 PIN CERAMIC DIP 

TOP VIEW 

8tH CONTROL 

SUPPLY GND. 

N.C. 

EXTERNAL 
HOLD CAP. 

N.C. 

INTEGRATOR 
BANDWIDTH 

20 PIN CERAMIC LCC 

l~J l~j t~J l~ t1..9j 
OFFSET ADJUST ~] [fa N.C. 

N.C. ~] [i7 N.C. 

OFFSET ADJUST ~] [is EXTERNAL HOLD CAP. 

N.C. f] [~5 N.C. 

v- ~] [~4 N.C. 

rgl fro; f1-11 f1-21 fi"3! 
0 .... u a::r: + 
Z ::J 

Z ~ Q > " "-.... 
<!i ::J 0:3: 
iii 0 ,,0 

UJZ 
.... < 
<:00 

This monolithic device is manufactured using the Harris 
Dielectric Isolation Process, minimizing stray capacitance 
and eliminating SCR's. This allows higher speed and latch­
free operation. The HA-5320 is available in a Ceramic 
14-pin DIP, and a Ceramic 20-pin LCC package. For 
further information, please see Application Note 538. 

Functional Diagram 

OFFSET 
ADJUST 
~ 

-INPUT 0--+-----1 

+INPUT 0-"""t-----1 

v+ 

CONT~t 0-'_4+-___ -t ;--~ 

SUPPLY v­
GND 

SIG 
GND 

EXTERNAL 
HOLD 

CAPACITOR 

INTEGRATOR 
BANDWIDTH 

OUTPUT 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HA-5320 

Absolute Maximum Ratings (Note 1) Operating Temperature Range 
Voltage Between V+ and V- Terminals ..................... 40V HA-5320-2/-8 ......................... -550C~ TA~ +1250C 
Differential Input Voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ±24V HA-5320-5 ............................... OOC ~ T A~ + 750C 
Digital Input Voltage ............................... +8V, -15V Storage Temperature Range ............. -650C ~TA~ +1500C 
Output Current, Continuous .................. " ±20mA (Note 2) 
Junction Temperature ................................ +1750C 

Electrical Specifications Test Conditions (Unless Otherwise Specified) VSUPPLY = ±15.0V; CH = Internal; 
Digital Input: VIL = +0.8V (Sample), VIH = +2.0V (Hold), Unity Gain Configuration 
(Output tied to -Input) 

HA-5320-2/-8 HA-5320-5/-7 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX 

INPUT CHARACTERISTICS 

Input Voltage Range Full ±10 - - ±10 - -

Input Resistance +250C 1 5 - 1 5 -
Input Capacitance +250C - - 3 - - 3 

Offset Voltage +250C - 0.2 - - 0.5 -

Full - - 2.0 - - 1.5 

Bias Current +250C - 70 200 - 100 300 

Full - - 200 - - 300 

Offset Current +250C - 30 100 - 30 300 

Full - - 100 - - 300 

Common Mode Range Full ±10 - - ±10 - -
CMRR (Note 3) +25OC 80 90 - 72 90 -
Offset Voltage T.C. Full - 5 15 - 5 20 

TRANSFER CHARACTERISTICS 

Gain,D.C. +250C 106 2x106 - 3x105 2x106 -
Gain Bandwidth Product (AV = + 1) +250C 

(Note 5) CH = 100pF - - 2.0 - - 2.0 -

CH= 1000pF - - 0.18 - - 0.18 -

OUTPUT CHARACTERISTICS 

Output Voltage Full ±10 - - ±10 - -
Output Current +250C ±10 - - ±10 - -

Full Power Bandwidth (Note 4) +250C - 600 - - 600 -

Output Resistance (Hold Mode) +250C - 1.0 - - 1.0 -

Total Output NOise, D.C. to 10MHz 

Sample +250C - 125 200 - 125 200 

Hold +250C - 125 200 - 125 200 

TRANSIENT RESPONSE 

Rise Time (Note 5) +250C - 100 - - 100 -
Overshoot (Note 5) +250C - 15 - - 15 -
Slew Rate (Note 6) +250C - 45 - - 45 -
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Specifications HA-5320 

Electrical Specifications (Continued) 

PARAMETER TEMP 

DIGITAL INPUT CHARACTERISTICS 

Input Voltage (High), VIH Full 

Input Voltage (Low), VIL Full 

Input Current (VIL = OV) Full 

Input Current (VIH = +5V) Full 

SAMPLE AND HOLD CHARACTERISTICS 

Acquisition Time to 0.1 % (Note 7) +250C 

Acquisition Time to 0.01 % (Note 7) +250 C 

Aperture Time (Note 8) +250C 

Effective Aperture Delay Time (See Glossary) +250C 

Aperture Uncertainty +250 C 

Droop Rate +250C 

Full 

Drift Current (Note 9) +250 C 

Full 

Charge Transfer (Note 9) +250 C 

Hold Mode Settling Time 0.Q1 % Full 

Hold Mode Feedthrough (1 OVp_p, 100kHz) Full 

POWER SUPPLY CHARACTERISTICS 

Positive Supply Current (Note 1 0) +250 C 

Negative Supply Current (Note 10) +250 C 

Power Supply Rejection V+ Full 

(Note 11) V- Full 

NOTES 

1. Absolute maximum ratings are limiting values, applied individually. 
beyond which the serviceability of the circuit may be impaired. 
Functional operation under any of these conditions is not necessarily 
implied. 

2. Internal Power Dissipation may limit Output Current below 20mA. 

3. VCM = ±5V D.C. 

4. Vo = 20Vp_p; RL = 2kO; CL = 50pF; unattenuated output. 

5. Vo = 200mVp_p; RL = 2kO; CL = 5OpF. 

HA-5320-2/-8 HA-5320-5/-7 

MIN TYP MAX MIN TYP MAX UNITS 

2.0 - - 2.0 - - V 

- - 0.8 - - 0.8 V 

- - 10 - - 4 flA 
- - 0.1 - - 0.1 flA 

- 0.8 1.2 - 0.8 1.2 liS 

- 1.0 1.5 - 1.0 1.5 liS 

- 25 - - 25 - ns 

-50 -25 0 -50 -25 0 ns 

- 0.3 - - 0.3 - ns 

- 0.08 0.5 - 0.08 0.5 IIV/IIS 

- 17 100 - 1.2 100 IIV/IIS 

- 8 50 - 8 50 pA 

- 1.7 10 - 0.12 10 nA 

- 0.1 0.5 - 0.1 0.5 pC 

- 165 350 - 165 350 ns 

- 2 - - 2 - mV 

- 11 13 - 11 13 mA 

- -11 -13 - -11 -13 mA 

80 - - 80 - - dB 

65 - - 65 - - dB 

6. Vo = 20V Step; RL = 2kO; CL = 50pF. 

7. Vo = 10V Step; RL = 2kO; CL = 50pF. 

8. Derived from computer simulation only; not tested. 

9. VIN = OV, VIH = +3.5V, tr < 20ns (VIL to VIH)· 

10. Specified for a zero differential input voltage between +IN and -IN. 
Supply current will increese with differential input (as may occur in the 
Hold mode) to approximately ±28mA at 20V. 

11. Based on a one volt delta in each supply, i.e. 15V ±0.5V D.C. 
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HA-5320 

Applying the HA-5320 
The HA-5320 has the uncommitted differential inputs of an 
op amp, allowing the Sample and Hold function to be 
combined with many conventional op amp circuits. See 
the Harris Application Note 517 for a collection of circuit 
ideas. 

LAYOUT 

A printed circuit board with ground plane is recommended 
for best performance. Bypass capacitors (0.01 to 0.1IlF, 
ceramic) should be provided from each power supply 
terminal to the Supply Ground terminal on pin 13. 

The ideal ground connections are pin 6 (SIG. Ground) 
directly to the system Signal Ground, and pin 13 (Supply 
Ground) directly to the system Supply Common. 

HOLD CAPACITOR 

The HA-5320 includes a 100pF MOS hold capacitor, 
sufficient for most high speed applications (the Electrical 
Specifications section is based on this internal capacitor). 

Applications 

Figure 1 shows the HA-5320 connected as a unity gain 
noninverting amplifier - its most widely used configuration. 
As an input device for a fast successive - approximation 
AJD converter, it offers very high throughput rate for a 
monolithic IC sample/hold amplifier. Also, the HA-5320's 
hold step error is adjustable to zero using the Offset Adjust 
potentiometer, to deliver a 1 2-bit accurate output from the 
converter. 

The application may call for an external hold capacitor 
CH as shown. As mentioned earlier, 0.1 CH is then 

OFFSET 
ADJUST 

10Kn 
-l&V +16V 

Additional capacitance may be added between pins 7 and 
11. This external hold capacitance will reduce droop rate at 
the expense of acquisition time, and provide other trade­
offs as shown in the Performance Curves. 

If an external hold capacitor CH is used, then a noise band­
width capacitor of value 0.1 CH should be connected from 
pin 8 to ground. Exact value and type are not critical. 

The hold capacitor CH should have high insulation 
resistance and low dielectric absorption, to minimize droop 
errors. Polystyrene dielectric is a good choice for operating 
temperatures up to +850 C. Teflon® and glass dielectrics 
offer good performance to +1250 C and above. 

The hold capacitor terminal (pin 11) remains at virtual 
ground potential. Any PC connection to this terminal should 
be kept short and "guarded" by the ground plane, since 
nearby signal lines or power supply voltages will introduce 
errors due to drift current. 
®Teflon is a registered Trademark of Dupont Corporation. 

recommended at pin 8 to reduce output noise in the Hold 
mode. 

The HA-5320 output circuit does not include short circuit 
protection, and consequently its output impedance remains 
low at high frequencies. Thus, the step changes in load 
current which occur during an AJD conversion are 
absorbed at the S/H output with minimum voltage error. A 
momentary short circuit to ground is permissible, but the 
output is not designed to tolerate a short of indefinite 
duration. 

.±15mv,-__ +-+-+-+_f-_______ --, 

VIN 0---=+--1 

8tH CON:ROL o-<t--"4"-f----I 

~ HA-5320 

'3 

SYSTEM 
POWER 

GROUND 

HI-574A 

>-___ +' ___ >--~--"'3'"l INPUT 

CONVERT 

-.tJ 
><>---+--+--------_=f RIC 

.--------------'-1 ~~~~~~ 

SYSTEM 
SIGNAL 

GROUND 

FIGURE 1_ 

TYPICAL HA-5320 CONNECTIONS; NONINVERTING UNITY GAIN MODE 

NOTE: Pin Numbers Refer to DIP Package Only. 
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HA-5320 

Performance Curves VSUPPLY = ±15VDC 

TYPICAL SAMPLE AND HOLD PERFORMANCE 
AS FUNCTION OF HOLDING CAPACITOR DRIFT CURRENT vs. TEMPERATURE 

10 1-----+---7"--+-------1 
ACQUISITION TIME 

5 1--'1;-------7_7-: FOR 10V STEP TO +0.01% 
MICROSECONDS 

I I 
VOLTAGE DROOP 

I{----'<J-- DURING HOLD MODE, 
1.0 MILLIVOL TS/l00 
0.5 MILLISECONDS 

0.1 1------1'..-----'''-/--------1 

.OOr----+-~~~~-~ 

.01 
100 1000 

SAMPLE-TO-HOLD 
OFFSET (HOLD STEP) 
ERROR, MILLIVOLTS 

10K lOOK 

CH VALUE,PICOFARADS 

1000. 

-a. 100. 

t: 
iC 
E 10. 

1.0 

CH = 100pF,INTERNAL 

-25 0 +25 +50 +75 +100 +125 

TEMPERATURE, DC 

OPEN LOOP GAIN AND PHASE RESPONSE 

120 
"-... 

100 r-.. "-
"-... "-... 

o 

80 
"- i'.. 

1"-... "-... "-... 
45 

GAIN, 
60 dB 

........... 

"" "" • .......... 
90 PHASE, 

DEGREES 

40 
G ..... , (CH = 100pF) '\ 

(CH = 1100pF) "" ""G \ 
135 

20 "- "- t 
"-... "-... \ 

180 

0 
......... r--.. \ 

10 100 lK 10K lOOK 1M 10M 

FREQUENCY,Hz 

TYPICAL SAMPLE-TO-HOLD OFFSET 
(HOLD STEP) ERROR 

HOLD STEP vs. INPUT VOLTAGE HOLD STEP vs. LOGIC (VI H) VOLTAGE 

TA = +25DC 

HOLD STEP 

VOLTAGE 
(MILLIVOLTS) 

1.1l CH = 100 pF 

0.1 CH = 1000 pF 

0.01 CH = .011'F 

-10 -8 -6 -4 -2 2 4 6 8 10 

DC INPUT (VOLTS) 

> 
E 
w' 
(!I 

« 
fo-
..I 
0 
> 
0.. 
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f0-
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..I 
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J: 
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HA-5320 

Test Circuits 
CHARGE TRANSFER AND DRIFT CURRENT 

-INPUT 

S/H 
2 7 

+INPUT OUTPUT Vo 
CONTROL 8 N.C. 

INPUT 14 
SiH CONTROL 11 N.C. V 

HA·5320 (CH = 100 pF) 

CHARGE TRANSFER TEST DRIFT CURRENT TEST 
1. Observe the "hold step" voltage Vp: 1. Observe the voltage "droop", I1VO/!l.T: 

S/H rI ,..,---- HOLD (+3.5V) 
CONTROL ----J L--J I.....- SAMPLE (OV) 

SfH---r---1 ,---, __ HOLD (+3.5) 
CONTROL --I U L- SAMPLE (OV) 

V .Jo....... ...-1"":.-.::-_1 Va h..th -tvp- a ........ I ........ __ !l.Vo 

I C-l 
!l.T--' ...-

2. Compute charge transfer: Q = VpCH 2. Measure the slope of the output during hold, I1VO/I1T, 
and compute drift current: 10 = CH I1VO/I1T. 

V,N 

10Vpp 
10 KHz 

SINE WAVE 

"S"fH 
CONTROL 

INPUT 

~ 

HOLD MODE FEED THROUGH ATTENUATION 

V+ V-

ANALOG 
MUXOR 
SWITCH 

HA-5320 

9 

-IN 

2 +IN 

14 SlH CONTROL 

SUPPLY 
GND CH 

13 11 

N.C. 

TO 
SUPPLY 

COMMON 

Feedlhrough in dB = 20 Log VOUT where: 

VOUT = Vollsp_p• Hold Mode. 
VIN = Voltsp_p. 
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HA-5320 

Glossary of Terms 
ACQUISITION TIME: 

The time required following a "sample" command, for the 
output to reach its final value within ±0.1 % or ±0.01 %. This 
is the minimum sample time required to obtain a given 
accuracy, and includes switch delay time, slewing time and 
settling time. 

CHARGE TRANSFER: 

The small charge transferred to the holding capacitor from 
the inter-electrode capacitance of the switch when the unit 
is switched to the HOLD mode. Charge transfer is directly 
proportional to sample-to-hold offset pedestal error, where: 

Charge Transfer (pC) = CH (pF) x Offset Error (V) 

APERTURE TIME: 

The time required for the sample-and-hold switch to open, 
independent of delays through the switch driver and input 
amplifier circuitry. The switch opening time is the interval 
between the conditions of 10% open and 90% open. 

HOLD STEP ERROR: 

Hold Step Error is the output error due to Charge Transfer 
(see above). It may be calculated from the specified param­
eter, Charge Transfer, using the following relationship: 

HOLD STEP (V) = CHARGE TRANSFER (pC) 

HOLD CAPACITANCE (pF) 

See Performance Curves. 

Die Characteristics 
Transistor Count .................................. 175 
Die Dimensions . . . . . . . . . . . . . . . . .. 90.2 x 143.7 x 19 mils 
Substrate Potential ......................... -VSUPPL Y 
Process .................................... Bipolar 01 

EFFECTIVE APERTURE DELAY TIME (EADT): 

The difference between propagation time from the analog 
input to S/H switch, and digital delay time between the Hold 
command and opening of the switch. 

EADT may be positive, negative or zero. If zero, the S/H 
amplifier will output a voltage equal to VIN at the instant the 
Hold command was received. For negative EADT, the 
output in Hold (exclusive of pedestal and droop errors) will 
correspond to a value of VIN that occurred before the Hold 
command. 

APERTURE UNCERTAINTY: 

The range of variation in Effective Aperture Delay Time. 
Aperture Uncertainty (also called Aperture Delay 
Uncertainty, Aperture Time Jitter, etc.) sets a limit on the 
accuracy with which a waveform can be reconstructed from 
sample data. 

DRIFT CURRENT: 

The net leakage current from the hold capacitor during the 
hold mode. Drift current can be calculated from the droop 
rate using the formula: 

10 (pA) = CH (pF) x IlV (Volts/sec) 

IlT 

Thermal Constants (OC/W) 

Ceramic DIP 
CeramicLCC 

Sja 

75 
76 

Sjc 

15 
19 
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ml HA.RRIS 

Features 

• Very Fast Acquisition .................................. 350ns (0.1%) 
500ns (0.01%) 

• Low Droop Rate ............................................... 0.01tiV/115 

• Very Low Offset ...........................................••.••...... 0.2mV 

• High Slew Rate ...............................................•.....• 90V/lls 

• Wide Supply Range •.....•........•.........•......•. ±11V to ±18V 

• Internal Hold Capacitor 

• Fully Differential Input 

• TTL/CMOS Compatible 

Description 

The HA-S330 is a very fast sample and hold amplifier 
designed primarily for use with high speed A/D 
converters. It utilizes the Harris Dielectric Isolation 
process to achieve a SOOns acquisition time to 12-bit 
accuracy and a droop rate of O.01IlV/IlS. The circuit 
consists of an input transconductance amplifier capable 
of producting large amounts of charging current, a low 
leakage analog switch, and an integrating output stage 
which includes a 90pF hold capacitor. 

The analog switch operates into a virtual ground, so 
charge injection on the hold capacitor is constant and 

Pinouts 
14 PIN CERAMIC DIP 

TOP VIEW 

20 PAD (LCC) 
TOP VIEW 

t~J tgJ l~J t~ n.~ 
OFFSET ADJUST ~] [fa SIGNAL GND. 

N.C. 

OFFSET ADJUST 

N.C. 

[f7 N.C. 
[f6 SUPPLY GND. 

[f5 N.C. 
v- ~] [f4 v+ 

fgl r1-a, f1-11 r1-~ f1-" 

HA-5330 
Very High Speed Precision 

Monolithic Sample and Hold 

Applications 

• Precision Data Acquisition Systems 

• 0/ A Converter Deglitching 

• Auto-Zero Circuits 

• Peak Detectors 

independent of VIN. Charge injection is held to a low 
value by compensation circuits and, if necessary, the 
resulting O.SmV hold step error can be adjusted to zero via 
the Offset Adjust terminals. Compensation is also used to 
minimize leakage currents which cause voltage droop in 
the Hold mode. 

The HA-S330 will operate at reduced supply voltages (to 
±11V) with a reduced signal range. This monolithic 
device is available in a 14 pin Ceramic DIP and a 20 pad 
LCC package. The MIL-STD-883 data sheet for this 
device is available on request. 

Functional Diagram 

OFFSET 
ADJUST 
~ v+ 

14 
-INPUT 

+INPUT 
OUTPUT 

StH 
CONTROL 

11 12 

SUPPLY v- SlG 
GN' ••• 

CAUTION: Electronic devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HA-5330 

Absolute Maximum Ratings (Note 1) Operating Temperature Range 

Voltage between V+ and SUPPLY/SIG GND ............ +20V HA-5330-2 ................................................. -550C to +1250C 

Voltage between V- and SUPPLY/SIG GND ............. -20V HA-5330-4 ................................................... -250C to +850C 

Voltage between SUPPLY GND and SIG GND ...... ±2.0V HA-5330-5 ...................................................... OOC to +750C 

Differential Input Voltage ........................................... ±24V Storage Temperature Range .................. -650C to +1500C 

Voltage between 8/H Control and 
SUPPLY/SIG GND ............................................ +8V, -6V 

Output Current, Continuous .................... ±17mA (Note 2) 

Junction Temperature ............................................. +1750C 

Electrical Specifications }!lst Conditions Unless Otherwise Specified: VSUPPLY = ±15V; 
StH Control VIL = +O.8V (Sample), VIH = +2.0V (Hold); SIG GND = SUPPLY GND, 
Unity Gain Configuration (Output tied to -Input) 

HA-S330-2, -4 HA-S330-S 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

I nput Voltage Range Full ±10 ±10 V 

Input Resistance (Note 3) +250 C 5 15 5 15 Mll 

I nput Capacitance +250 C 3 3 pF 

Offset Voltage +25 0 C 0.2 0.2 mV 

Full 2.0 1.5 mV 

Offset Voltage Temperature Coefficient Full 10 10 IJ.V/oC 

Bias Current +250 C ±20 ±20 nA 

Full ±500 ±300 nA 

Offset Current +250 C 20 20 nA 

Full 500 300 nA 

Common Mode Range Full ±10 ±10 V 

CMRR (Note 4) Full 86 100 86 100 dB 

TRANSFER CHARACTERISTICS 

Gain, DC Full 2 x 106 2 x 107 2 x 106 2 x 107 V/V 

Gain Bandwidth Product (Note 5) +250 C 4.5 4.5 MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Full ±10 ±10 V 

OU.tput Current Full ±10 ±10 rnA 

Full Power Bandwidth (Note 6) +250 C 1.4 1.4 MHz 

Output Resistance 

Hold Mode +250 C 0.2 0.2 !l 

Sample Mode +250 C 10-5 0.001 10-5 0.001 !l 

Total Output Noise. DC to 4.0MHz 

Sample Mode +250 C 230 230 IJ.V RMS 

Hold Mode +250 C 190 190 IJ.V RMS 

Die Characteristics 
Transistor Count .................................. 205 
Die Dimensions ...................... 99 x 166 x 19 mils 
Substrate Potential .......................... SIG. GND 
Process. . . . . . . . .. .. . . . . . . . . .. . .. . . . .. . . . . .. Bipolar 01 
Thermal Constants (OC/W) Sja Sjc 

Ceramic DIP 75 15 
Ceramic LCC 76 19 

7-18 



Specifications HA-5330 

Electrical Specifications (Continued) 

PARAMETER TEMP 

TRANSIENT RESPONSE 

Rise Time (Note 5) +250 C 

Overshoot (Note 5) +250 C 

Slew Rate (Note 7) +250 C 

DIGITAL INPUT CHARACTERISTICS 

Input Voltage (High), VIH Full 

Input Voltage (Low), VIL Full 

Input Current (VIL = OV) Full 

Input Current (VIH = +5V) Full 

SAMPLE/HOLD CHARACTERISTICS 

Acquistion Time (Note 8) 

(0.1%) +25 0 C 

Full 

(0.01%) +250 C 

Full 

Aperture Time (Note 3) +250 C 

Effective Aperture Delay Time +250 C 

(See Glossary) 

Aperture Uncertainty +250 C 

Droop Rate (Note 9) +250 C 

Full 

Hold Step Error (Note 10) +250 C 

Hold Mode Settling Time (0.01%) +250 C 

Hold Mode Feedback Full 

20V p_p, 100kHz 

POWER SUPPLY CHARACTERISTICS 

Positive Supply Current Full 

Negative Supply Current Full 

Power Supply Rejection, V+, V- (Note 11) Full 

NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, 
beyond which serviceability of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily implied. 

2. Internal Power Dissipation may limit Output Current below ±17mA. 

3. Derived from computer simulation only; not tested. 

4. VCM = ±10V DC. 

S. Vi = 200mV Step; RL = 2K; CL = SOpF 

6. Full power bandwidth based on slew rate measurement using 

SLEW RATE 
FPBW= 

27T Vpeak 

HA-5330-2, -4 HA-5330-5 

MIN TYP MAX MIN TYP MAX UNITS 

-
-
-

2.0 

-
-
-

-
-

-
-

-

-50 

-
-
-
-
-
-

-
-
86 

70 - - 70 - ns 

10 - - 10 - % 

90 - - 90 - V//1S 

- - 2.0 - - V 

- 0.8 - - 0.8 V 

10 40 - 10 40 iJA 
10 40 - 10 40 /1A 

350 - - 350 - ns 

- 500 - - 500 ns 

500 - - 500 - ns 

- 900 - - 900 ns 

20 - - 20 - ns 

-25 a -50 -25 a ns 

0.1 - - 0.1 - ns 

0.01 - - 0.01 - /1V//1S 

- 100 - - 10 /1V//1S 

0.5 - - 0.5 - mV 

100 200 - 100 200 ns 

-88 - - -88 - dB 

18 22 - 18 24 mA 

19 23 - 19 25 mA 

100 - 86 100 - dB 

7. Vo = 20V Step; RL = 2K; CL = SOpF. 

8. Vo = 10V Step; RL = 2K; CL = SOpF. 

9. This parameter is measured at ambient temperature extremes in a 
high speed test environment. Consequently, steady state heating 
effects from internal power dissipation are not included. 

10. VIN = OV; VIH = +3.SV; tr = 22ns (VIL to VIH). See graph. 

11. Based on a three volt delta in each supply, i.e. 1SV = ±1.SV DC. 
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HA-5330 

Applying the HA-5330 

The HA-5330 has the uncommitted differential inputs of 
an op amp, allowing the SamplelHold function to be 
combined with many conventional op amp circuit ideas. 
See the Harris Application Note 517 for a collection of 
circuit ideas. 

Layout 

A printed circuit board with ground plane is recom­
mended for best performance. Bypass capacitors (0.01 to 
0.1I1F, ceramic) should be provided from each power 
supply terminal to the Supply GND Terminal on pin 11. 

Applications 

The HA-5330 is configured as a unity gain noninverting 
amplifier by simply connecting the output (pin 7) to the 
inverting input (pin 14). As an input device for a fast 
successive - approximation AID converter, it offers an 
extremely high throughput rate. Also, the HA-5330's 
pedestal error is adjustable to zero by using an Offset 
Adjust potentiometer (10K to 50K) center tapped to V-. 

The ideal ground connections are pin 11 (Supply Ground) 
directly to the system Supply Common, and pin 12 (Signal 
Ground) directly to the system Signal Ground (Analog 
Ground). 

Hold Capacitor 

The HA-5330 includes a 90pF MOS hold capacitor, 
sufficient for most high speed applications (the Electrical 
Specifications section is based on the internal capacitor). 

Output Stage 

The HA-5330 output circuit does not include short circuit 
protection, and consequently its output impedance 
remains low at high frequencies. Thus, the step changes 
in load current which occur during an AID conversion are 
absorbed at the S/H output with minimum voltage error. A 
momentary short circuit to ground is permissible, but the 
output is not designed to tolerate a short of indefinite 
duration. 

4D 

0 

-2 0 

-4 0 

1K 

MAGNITUDE AND PHASE RESPONSE 
(Closed Loop Gain = 100) 

II 
MA!NIT~D~ ....,.... 

r"-
r-~ 

t--:ASE 

±~ 

±12rSU~PL:E 

II 
10K 1M 

I 80' 

, o· 

0 

go. 

1800 

10. 

Glossary of Terms 

Acquisition Time: 

The time required following a "sample" command, for the 
output to reach its final value within ±0.1% or ±0.01%. 
This is the minimum sample time required to obtain a 
given accuracy, and includes switch delay time, slewing 
time and settling time. 

Aperture Time: 

The time required for the sample-and-hold switch to 
open, independent of delays through the switch driver 
and input amplifier circuitry. The switch opening time is 
that interval between the conditions of 10% open and 90% 
open. 

Hold Step Error: 

Hold step error is the output shift due to charge transfer 
from the sample to the hold mode. It is also referred to as 
"offset step" or "pedestal error". 

HOLD STEP ERROR VI. SIH CONTROL RISE TIME 

,. 
2.0 \ 

mV 
,. 

~ 
0.0 

1\ 
\ / 

~ 
-2.0 

2D 4D " 80 '" RISE TIME {osjOVT03.5Y 

Effective Aperture Delay Time (EADT): 

The difference between propagation time from the analog 
input to the S!H switch, and digital delay time between the 
Hold command and opening of the switch. 

EADT may be positive, negative or zero. If zero, the S/H 
amplifier will output a voltage equal to VIN at the instant 
the Hold command was received. For negative EADT, the 
output in Hold (exclusive of pedestal and droop errors) 
will correspond to a value of VIN that occurred before the 
Hold command. 

Aperture Uncertainty: 

The range of variation in Effective Aperture Delay Time. 
Aperture Uncertainty (also called Aperture Delay 
Uncertainty, Aperture Time Jitter, etc.) sets a limit on the 
accuracy with which a waveform can be reconstructed 
from sample data. 

7-20 



ORDERING INFORMATION .................................................................... . 

STANDARD PRODUCTS PACKAGING AVAILABILITY . ........................................... . 

GLOSSARY OF TELECOM TERMS . ............................................................. . 

TELECOM LINE CARD GLOSSARY ............................................................. . 

TELECOMMUNICATIONS DATA SHEETS 

HC-5502A Subscriber Line Interface Circuit (SUC) ........................................ . 

HC-5502B Subscriber Line Interface Circuit (SUC) ........................................ . 

HC-5504 Subscriber Line Interface Circuit (SUC) ........................................ . 

HC-5504B Subscriber Line Interface Circuit(SUC) ........................................ . 

HC-5512/5512A PCM Monolithic Filters ...................................................... . 

HC-5512D PCM Monolithic Filter Military Temperature Range .............................. . 

HC-55536 All-Digital Continuously Variable Slope Delta Demodulator (CVSD) Decode Only ... . 

HC-55564 All-Digital Continuously Variable Slope Delta Modulator (CVSD) .................. . 

HF-10 Universal Active Filter ....................................................... . 

HC-5560 Transcoder ................................................................ . 

ABSOLUTE MAXIMUM RATINGS 
As with all semiconductors, stresses listed under "Absolute Maximum Ratings" may 
be applied to devices (one at a time) without resulting in permanent damage. This is a 
stress rating only. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. The conditions listed under "Electrical Specifica­
tions" are the only conditions recommended for satisfactory operation. 
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Ordering Information 
HARRIS PRODUCT CODE EXAMPLE 

H C 3 

PREFIX: ________ T __ T....I -H (HARRIS) 

FAMILY: 
A Analog 
C Communications 
D Digital 
F Filters 
I Interface 
M Memory 
V Analog High Voltage 
Y Analog Hybrids 

PACKAGE: 
1 Dual-In-Line Ceramic 
2 Metal Can 
3 Dual-In-Line Plastic 
4 Leadless Chip Carriers (LCC) 
4P: Plastic Leaded Chip Carriers (PLCC) 
7 Mini-DIP, Ceramic 
o : Chip Form 

5502A 5 

P~BER T 
TEMPERATURE: 

1 OOC to +200oC * 
2 -550 Cto +1250 C 
4 -250 C to +850 C 
5 OOCto+750 C 
6 100% +250 C Probe (Dice Only) 
7 Dash-7 High Reliability Commercial 

Product OOC to + 750 C 
8 Dash-8 Program 

HA2-2520-8 (Example Only) 
9 -400C to +850 C 

* Special High Temperature Testing Available on Certain 
Product Types. Consult Factory for Availability. 

Standard Products Packaging Availabilityt 

PLASTIC CERAMIC SURFACE MOUNT 

PACKAGE DIP DIP LCC PLCC 
3- 1- 4- 4P 

TEMPERATURE -5 -7 -2 -5 -7 -8 -9 -8 -5 -7 

DEVICE NUMBER 

TELECOM 

HC-5502A R R G G G AB AB 
HC-5502B R R G G G AB AB 

HC-5504 R R G G G AB AB 

HC-5504B R R G G G AB AB 

HC-5512 C2 C2 

HC-5512A C2 C2 

HC-5512D C2 C2 C2 T 

HC-55536 B1 B1 

HC-55564 B1 B1 B1 * B1 * 

HC-5560 Q 

HF-10 E E E E E T 

* Available as MIL -STD-883 Only. 
t Letter codes in this chart indicate available packages as shown in Packaging Section 11. 
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Glossary of Telecom Terms 

BORSCHT: Acronym for functions provided by a subscriber line interface circuit. Includes Battery feed, Over­
voltage protection, Ringing, Supervision, Coding, Hybrid and Test functions. 

CHIP POWER DOWN: Ability to minimize device power dissipation by shutting down majority of power consum­
ing circuitry, putting the device in an "idle" state. Not to be confused with Power Denial, which minimizes power 
dissipation across the 2w loop. 

DC/DC CONVERTER: Converts one DC voltage to another. Commonly used in transmi'ssion equipment where 
different DC voltages are required throughout a system. 

FAULT CURRENTS: These are loop currents that flow during loop fault conditions, i.e., shorts in the line. 
Integrated on the SLiC is a fault current limit circuit which protects the SLiC from excessive power. 

FREQUENCY RESPONSE: A measure of the variation of the transmission performance of the SLiC with respect 
to frequency variations. 

IDLE CHANNEL NOISE (ICN): Noise measurements must characterize the annoyance to a user of unwanted 
signals. ICN is a measure of these unwanted signals under idle (no signal) channel conditions. 

INSERTION LOSS OR TRANS HYBRID GAIN VARIATION: Simply the gain or loss of a signal through the SLiC 
from 2w to 4w and from 4w to 2w. 

LEVEL LINEARITY OR GAIN TRACKING: A measure of the linearity of gain over a range of signal levels at a 
particular frequency. (Dynamic range usually +3dBm to -55dBm). 

LINE POLARITY REVERSAL: Refers to 2w side tip and ring lines. Tip lines normally more positive with respect to 
the ring line. Reverse polarity is used for signaling purposes on trunk lines. 

LONGITUDINAL CURRENT REJECTION: Ability of SLiC to suppress currents induced in the subscriber loop 
by power lines, antennae, etc. 

LOOP CURRENT LIMIT: This is the maximum current the SLiC will allow in the subscriber loop. It is controlled 
by sensing loop current across the feed resistors, and adjusting the DC bias voltage at ring feed accordingly. 

LOW FREQUENCY LONGITUDINAL BALANCE: Measure of degree of match of tip to ground and ring to 
ground impedance in the presence of large longitudinal currents at power line frequencies (50, 60 Hz). 

OVERLOAD LEVEL: Upper limit of the SLiCs dynamic range where speech signals just start to clip. This 
parameter sets the maximum speech power level the device can handle. 

PROGRAMMABLE DC FEED: Ability to control the tip feed and ring feed output DC bias voltages that establish 
loop current. 

PSRR: Measures the SLiCs ability to reject noise in the power supply. SLiC must not allow the noise to couple 
into the speech paths. 

SURGE PROTECTION: Adequate protection of the SLiC must be provided against lightning, low frequency in­
duction, and power contact surges. The combination of split feed resistors, a diode bridge and ability of the feed 
amplifiers to reject longitudinal currents afford adequate protection to the SLiC. 

TRANS HYBRID LOSS: A measure of the SLiCs ability to separate the bidirectional speech transmission path 
into distinct transmit and receive paths on the 4w side. 

2W LONGITUDINAL BALANCE: A measure of the degree of balance of tip to ground and ring to ground. 
Mismatches result in degradation of longitudinal current suppression in on-hook and off-hook conditions. 
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Telecom Line Card Glossary 

RING RELAY: Allows switching of AC ringing signal from ring generator to drive subscriber telephone ringer via 
tip or ring side. 

RING RELAY DRIVER: SLiC output to drive ring relay coil. 

SNUBBER NETWORK: RC network across ring relay contacts to reduce effects of inductive kickbacks to SLiC. 

DC ISOLATION CAPACITOR: Blocks DC loop current from transformer. 

ZENER DIODE: Secondary protection for RX and TX amplifiers. 

AC HYBRID TRANSFORMER: Provides 2wire-4wire and 4wire-2wire conversion of voice signals. 

BALANCING NETWORK: Provides 2wire line impedance matching and transhybrid balance. 

DC FEED RESISTORS: Four 150.0 resistors that provide 600.0 of 2wire impedance and provide sense 
mechanism for SLiC to detect switch hook, ground key and ring trip. Also provides some high voltage protection 
to SLiC by dividing in half any voltage transient. 

TX/RX AMPLIFIERS: Amplifies voice signal lost in hybrid transformer. Also provides impedance conversion 
from 2wire-4wire and 4wire-2wire. 

SUPERVISION NETWORK: Monitors SLiCs switch hook, ringtrip, and ground key detection functions, and 
flags controller. 

CONTROLLER: Stores ring command, ring trip, switch hook information, etc., until system CPU or line circuit 
can react. 
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til HARRIS 

Features 
• Monolithic Integrated Device 

• 01 High Voltage Process 

• Compatible With Worldwide PBX Performance 
Requirements 

• Controlled Supply of Battery Feed Current for Short 
Loops (30mA) 

• Internal Ring Relay Driver 

• Low Power Consumption During Standby 

• Switch Hook, Ground Key and Ring Trip Detection 
Functions 

• Selective Denial of Power to Subscriber Loops 

Applications 
• Solid State Line Interface Circuit for Analog and 

Digital PBX Systems 

• Direct Inward Dial (DID) Trunks 

• Voice Messaging PBX's 

Pinouts 
HC-5502A 

(CERAMIC/PLASTIC DIP) 
TOP VIEW 

TX 

AG 

C4 

RX 

+IN 

-IN 

OUT 

C2 

Rc 
Po 
GKD 

SHD 

HC-5502A 
sLie 

Subsciber Line Interface Circuit 

Description 
The Harris SUC incorporates many of the BORSHT 
function on a single IC chip. This includes DC battery feed, 
a ring relay driver, supervisory and hybrid functions. This 
device is designed to maintain transmission performance in 
the presence of externally induced longitudinal currents. 
Using the unique Harris dielectric isolation process, the 
SUC can operate directly with a wide range of station 
battery voltages. 

The SUC also provides selective denial of power. If the PBX 
system becomes overloaded during an emergency, the 
SUC will provide system protection by denying power to 
selected subscriber loops. 

The Harris SUC is ideally suited for the design of new 
digital PBX systems, by eliminating bulky hybrid 
transformers. 

SUC is available in either a 24 pin Dual-in-Line Plastic or 
Ceramic package, and a 28 pin PLCC package. The SUC is 
also available as unpackaged die. 

HC4P5502A 
(PLCC) 

TOP VIEW 

M: ~ g ~ I~ I~ I~ 
·OPTIONAL 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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HC-5502A 

Schematic 

R7 

R8 

RID 

R9 

RJ 

R4 

Rl 

R2 

R16 

21 

RCV 

22 

C4 

VOLTAGE & CURRENT 
BIAS NETWORK 

24 

HC-5502A SLiC FUNCTIONAL SCHEMATIC. 

Die Characteristics 
Transistor Count .................................. 181 
Diode Count ....................................... 27 
Die Dimensions . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 169 x 112 
Substrate Potential ....................... Unconnected 
Process .................................... Bipolar-DI 
Thermal Constants (OCIW) Sja Sjc 

Ceramic DIP 51 16 
Plastic DIP 52 24 
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Specifications HC-5502A 

Absolute Maximum Ratings (Note 1) Recommended Operating Conditions 

Maximum Continuous Supply Voltages (VB-) ..... -60 to +0.5 V Relay Driver Voltage (VRD) . ........................ +5 to +12V 
(VB+) .... -0.5to+15V Positive Supply Voltage (VB+) . .................... 10.8 to 13.2V 
(VB+ - VB-) ........ 75V Negative Supply Voltage(VB-) ...................... -42 to -58V 

Relay Drive Voltage (VRD) ........................ -0.5 to +15V Minimum High Level Logic Input Voltage .................. 2.4V 
Storage Temperature Range ................. -650Cto+1500C Maximum Low Level Logic Input Voltage .................. 0.6V 
Junction Temperature ................................ +1750C Loop Resistance (RL) ....................... 200 to 1200 Ohms 

Operating Temperature Range 
HC-5502A-5,-7 ............................... OOC to + 750C 
HC-5502A-9 .... . . . . . . . . . . . . . . . . . . . . . . . .. -400C to +850C 

Electrical Specifications VB- = -48V, VB+ = +12V, AG = BG = DG = OV, Unless Otherwise Noted, 
Typical Parameters +250C. Min-Max Parameters are Over Operating Temperature Range. 

PARAMETER CONDITIONS MIN 

On Hook Power Dissipation ILong =0 -
Off Hook Power Dissipation RUNE = 600 Ohms, ILong = 0 -
OffHooklB+ RUNE = 600 Ohms, ILong = 0 @ -400C -
OffHooklB+ RUNE = 600 Ohms, ILong = 0 @ +250C -
OffHooklB- RUNE = 600 Ohms, ILong = 0 -
Off Hook Loop Current RUNE = 1200 Ohms, ILong = 0 -
Off Hook Loop Current RUNE = 1200 Ohms, VB- = -42V, ILong = 0 17.5 

TA=250C 

Off Hook Loop Current RUNE = 200 Ohms, ILong = 0 25.5 

Fault Currents 

TIP to Ground -
RING to Ground -
TIP to RING -
TIP and RING to Ground -

Ring Relay Drive VOL IOL=62mA -
Ring Relay Driver Off Leakage VRD=+12V,RC=1 = HIGH,TA= 250C -
Ring Rrip Detection Period RUNE = 600 Ohms, TA = +250C -
Switch Hook Detection Threshold SHD=VOL 10 

SHD=VOH -
Ground Key Detection Threshold GKD=VOL 20 

GKD=VOH -
Loop Current During Power Denial -
Dial Pulse Distortion 0 

Receive Input Impedance -
Transmit Output Impedance -
Two Wire Return Loss (Return Loss Referenced to 600n +2.16I1F) 

SRLLO -
ERL -
SRLHI -

Longitudinal Balance 1 V Peak-Peak 200Hz - 3400Hz 

OOC~TA~.750C 

2 Wire Off Hook 58 

2Wire On Hook 60 

4 Wire Off Hook 50 

Low Frequency Longitudinal Balance R.E.A. Method, OOC ~T A ~ 750C -
-

NOTES: 1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceaiblity of the 
circuit may be impaired. Functional operability under any of these conditions is not necessarily implied. 
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TYP MAX UNITS 

135 174 mW 

450 580 mW 

- 5.0 mA 

- 4.3 mA 

- 38 mA 

21 - mA 

- - mA 

30 34.5 mA 

14 - mA 

47 - mA 

30 - mA 

47 - mA 

0.2 0.5 V 

- 100 jJA 

2 3 Ring Cycles 

- - mA 

- 5 mA 

- - mA 

- 10 -
±2 - mA 

- 5 ms 

90 - kOhms 

5 20 Ohms 

15.5 - dB 

24 - dB 

31 - dB 

65 - dB 

63 - dB 

58 - dB 

- 23 dBrnC 

- -67 dBmOp 
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Specifications HC-5502A 

Electrical Specifications (Continued) 

PARAMETERS CONDITIONS MIN TYP MAX UNITS 

Insertion Loss @1kHz, OdBm Input Level 
2 Wire - 4 Wire - ±0.05 ±0.2 dB 
4 Wire ~ 2 Wire - ±0.05 ±0.2 dB 

Frequency Response 200 - 3400Hz Referenced to Absolute - ±0.02 ±0.05 dB 
Loss at 1 kHz and OdBm Signal Level 
OOC$ TA$750C 

Idle Channel Noise 00C$TA$750C -
2 Wire - 4 Wire - 1 5 dBmC 

- -89 -85 dBmOp 
4 Wire - 2 Wire - 1 5 dBmC 

- -89 -85 dBmOp 
Absolute Delay OOC$TA $750C 

2Wire-4Wire - - 2 ~s 

4 Wire - 2 Wire - - 2 ~s 

Trans Hybrid Loss Balance Network Set Up for 600 Ohm 36 40 - dB 
Termination at 1 kHz 

Overload Level OOC ~;r A ~?50C 
2 Wire - 4 Wire 1.75 - - Vpeak 
4 Wire - 2 Wire 1.75 - - Vpeak 

Level Linearity at 1kHz, OOC $TA $750C 
2 Wire - 4 Wire +3to-40dBm - - ±0.05 dB 

-40 to -50dBm - - ±0.1 dB 
-50 to -55dBm - - ±0.3 dB 

4 Wire - 2 Wire +3to-4OdBm - - ±0.05 dB 
-40 to -50dBm - - ±0.1 dB 
-50 to -55dBm - - ±0.3 dB 

Power Supply Rejection Ratio OOC $TA $750C 
VB+t02Wire 30 - 60Hz, RUNE = 600n 15 - - dB 
VB+ to Transmit 15 - - dB 
VB-to 2 Wire 15 - - dB 
VB- to Transmit 15 - - dB 

VB+t02Wire 2oo-16kHz 30 - - dB 
VB+ to Transmit RUNE=6oon 30 - - dB 
VB-t02Wire 30 - - dB 
VB- to Transmit 30 - - dB 

LogiC Input Current (RS, RC, PO) OV$VIN$5V - - ±1oo ~ 
Logic Inputs 

Logic '0' VII - - 0.8 Volts 
Logic '1 ' VIH 2.0 - 5.5 Volts 

Logic Outputs 
Logic '0' VOL ILOAD8oo~ - 0.1 0.5 Volts 
Logic '1' VOH ILOAD80~ 2.7 5.0 5.5 Volts 

Uncommitted Op Amp Specifications 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage - ±5 - mV 

Input Offset Current - ±10 - nA 

Input Bias Current - 20 - nA 

Differential Input Resistance - 1 - Mn 
Output Voltage Swing RL= 10K - ±5 - Vpeak 

Output Resistance AVCL= 1 - 10 - n 

Small Signal GBW - 1 - MHz 
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Pin Assiginments HC-5502A 

28 PIN 24 PIN 
PLCC DIP SYMBOL DESCRIPTION 

2 1 TIP An analog input connected to the TIP (more positive) side of the subscriber loop through a 1500 
feed resistor and a ring relay. Functions with the Ring terminal to receive voice signals from 
the telephone and for Loop Monitoring Purposes. 

3 2 RING An analog input connected to the RING (more negative) side of the subscriber loop through a 
1500 feed resistor. Functions wHh the Tip terminal to receive voice signals from the telephone 
and for loop monitoring purposes. 

4 3 VB+ Positive Voltage Source - Most positive supply. VS+ is typically 12 volts with an operational 
range of 1 0.8 to 13.2 volts. 

5 4 C1 Capacitor #1 - Optional Capacitor used to improve power supply rejection. This pin should 
be left open if unused. 

6 5 C3 Capacitor #3 - An extemal capacitor to be connected between this terminal and analog ground. 
Required for proper operation of the loop current limiting function, and for filtering VS-
supply. Typical value is 0.3I1F, 30V. 

7 6 DG Digital Ground - To be connected to zero potential and serves as a reference for all digital 
inputs and outputs on the SLIC. 

9 7 RS Ring Synchronization Input - A TIL - compatible clock input. The clock is arranged such that 
a positive transition occurs on the negative going zero crossing ofthe ring voltage source, 
ensuring that the ring relay is activated and deactivated when the instantaneous ring voltage 
is near zero. If synchronization is not required, tie to +5V. 

10 8 RD Relay Driver - A low active open collector logic output. When enabled, the external ring relay 
is energized. 

11 9 TF Tip Feed - A low inpedance analog output connected to the TIP terminal through a 1500 feed 
resistor. Functions with the RF terminal to provide loop current, feed voice signals to the 
telephone set, and sink longitudinal current. 

12 10 RF Ring Feed - A low impedance analog output connected to the RING terminal through a 1500 feed 
resistor. Functions with the TF terminal to provide loop current, feed voice singals to the 
telephone set, and sink longitudinal currents. 

13 11 VS- Negative Voltage Source - Most negative supply. Vs- is typically -48 volts with an operational 
range of -42 to -58 volts. Frequently referred to as "battery". 

14 12 SG Sattery Ground - To be connected to zero potential. All loop current and some quiescent current 
flows into this ground terminal. 

16 13 SHD Switch Hook Detection - A low active LS TIL - compatible ligic output. This output is enabled 
for loop currents exceeding 1 OmA and disabled for loop currents less than 5mA. 

17 14 GKD Ground Key Detection - A low active LS TIL - compatible logic output. This output is enabled 
if the DC current into the ring lead exceeds the DC current out of the tip lead by more than 
20mA, and disabled if this current difference is less than 10mA. 

18 15 PO Power Denial - A low active TIL - Compatible logic input. When enabled ihe...§:!titch hook detect (SHD) 
and ground key detect (GKD) are not necessarily valid, and the relay driver, (RD) output is disabled. 

19 16 RC Ring Command - A low active TIL - Compatible logic input. When enabled, the relay driver (At») 
output goes low on the next rising edge of the ring sync (RS) input, as long as the SLIC is not 
in the power denial state (PO = 0) or the subecriber is not already off- hook (SHD = 0). 

20 17 C2 Capacitor #2 - An external capacitor to be connected between this terminal and digital ground. 
Prevents false ground key indications from occuring durring ring trip detection. Typical value 
is 0.15I1F, 10V. This capacitor is ont used if ground key function is not required. 

21 18 OUT The analog output of the spare operational amplifier. 
23 19 -IN The inverting analog input of the spare operational amplifier. 
24 20 +IN The non-inverting analog input of the spare operational amplifier. 

25 21 RX Receive Input, Four Wire Side - A high inpedance analog input which is internally biased. 
Capacitive coupling to this input is required. AC signals appearing at this input differentially 
drive the Tip feed and Ring feed amplifiers, which in turn drive tip and ring through 
300 Ohms of feed resistance on each side of the line. 

26 22 C4 Capacitor #4 - An external capacitor to be connected between this terminal and analog 
ground. This capacitor prevents false ground key indication and false ring trip detection 
from occurring when longitudinal currents are induced onto the subscriber loop from near 
proximity power lines and other noise sources. This capacitor is also required for the proper 
operation of ring trip detection. Typical value is 0.5I1F, to 1.0IlF, 20V. This capicitor should 
be non polarized. 

27 23 AG Analog Ground - To be connected to zero potential and serves as a reference for the transmit 
output (TX) and receive input (RX) terminals. 

28 24 TX Transmit Output, Four Wire Side - A low impedance analog output which represents the 
differential voltage across Tip and Ring. Transhybrid balancing must be preformed (using 
the SLIC microcircuit's spare op amp) beyond this output to completely implement two to four 
wire conversion. This output is unbalanced and referenced to analog ground. Since the DC level 
of this output varies with loop current, capacitive coupling to the next stage is essential. 

1,8,15,22 NC No Internal Connection. 

NOTE: All grounds (AG, BG, & DG) must be applied before VB+ or VB-. Failure to do so may result in premature failure of the part. If a user wishes to run 
separate grounds off a line card, the AG must be applied first. 8-9 
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HC-5502A 

Applications Diagram 

TYPICAL LINE CIRCUIT APPLICATION WITH THE MONOUTHIC SUC 

BALANCE 
~ETWORK 

ABJ 

TYPICAL COMPONET VALUES 

CS = O.S~F, 20V 

FI~~~R/ SWITCHING 
CODEC NETWORK 

C1 = O.S~F (Note 1) 
C2 = 0.1S~F, 10V 
C3 = 0.3~F,30V 

C6 = C7 = O.S~F (10% Match Required) (Note 2), 20V 
C8 = 0.01 ~F, 100V 

C4 = O.S~V to 1.0~F, ±10%, 20V (Should be nonpolarized) C9 = 0.01 ~F, 20V, ±20% 

R1 ..... R3 = 1ookO (0.1% Match Required, 1% absolute value), ZB = 0 for 6000 Terminations (Note 2) 
RB1 = RB2 = RB3 = RB4 = 1S00 (0.1% Match Required, 1% absolute value) 
RS = 1 kO, Cs = 0.1 ~F, 200V typically, depending on VRing and line length. 
Z1 = 1S0V to 200V transient protector. PTC used as ring ballast. 

NOTE 1: C1 is an optional capacitor used to improve +12V supply rejection. This pin must be left open if unused. 

NOTE 2: To obtain the specified transhybrid loss it is necessary for the three legs of the balance network, C6-R1 and R2 and C7 -ZB-R3, 
to match in impedance to within 0.3%. Thus, if C6 and C7 and 1 ~F each, a 20% match is adequate. It should be noted that the 
transmit output to C6 see's a -1 O.S to -21 volt step when the loop is closed and that too large a value for C6 may produce an 
excessively long transient at the op amp output to the PCM Filter/CODEC. 

A O.S~F and 100kO gives a time constant of SOmsec. The uncommitted op amp output is internally clamped to stay within 
±S.SV and also has current limiting protection. 

NOTE 3: Secondary protection diode bridge recommended is MDA 220 or equivalent. 

ADDITIONAL INFORMATION IS CONTAINEDIN APPLICATION NOTE S49, "THE HC-SSOX TELEPHONE SLlCs" 
BY GEOFF PHILLIPS 

Overvoltage Protection and TABLE 1 
Longitudinal Current Protection TEST PEFORMANCE 

The SLiC device, in conjunction with an external protection 
PARAMETER CONDITION (MAX) 

bridge, will withstand high voltage lightning surges and Longitudinal 10~s Risel ±1ooo (Plastic) 

power line crosses. Surge 1 ooo~s/Fail ±SOO (Ceramic) 

High voltage surge conditions are as specified in Table 1. 
Metallic Surge 10~s Rise/ ±1ooo(Plastic) 

1oo0~Fall ±SOO (Ceramic) 
The SLiC will withstand longitudinal currents up to a maxi- T/GND 1O~s Risel ±1 000 (Plastic) 
mum or 30mA RMS, 15mA RMA per leg, without any perfor- R/GND 1ooo~s Fall ±SOO (Ceramic) 
mance degradation. 

SO/60Hz 
Current 

T/GND 700Vrms 11 
R/GND Limited to 

10Arms 

, 8-10 
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V Peak 

V Peak 
V Peak 

V Peak 
V Peak 
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mHARRIS 

PREVIEW 

Features 

• Pin For Pin Replacement For The HC-5502A With 
Low Voltage +5V (VB+) Capability 

• Monolithic Integrated Device 

• 01 High Voltage Process 

• Compatible With Worldwide PBX Performance 
Requirements 

• Controlled Supply of Battery Feed Current for 
Short Loops (30mA) 

• Internal Ring Relay Driver 

• Low Power Consumption During Standby 

• Switch Hook, Ground Key and Ring Trip Detection 
Functions 

• Selective Denial of Power to Subscriber Loops 

Applications 

• Solid State Line Interface Circuit for Analog and 
Digital PBX Systems 

• Direct Inward Dial (DID) Trunks 

• Voice Messaging PBX's 

HC-55028 
SLiC 

Subsciber Line Interface Circuit 

Description 
The Harris SUC incorporates many of the BORSHT 
function on a single IC chip. This includes DC battery feed, 
a ring relay driver, supervisory and hybrid functions. This 
device is designed to maintain transmission performance in 
the presence of externally induced longitudinal currents. 
Using the unique Harris dielectric isolation process, the 
SUC can operate dire~tlY with a wide range of station 
battery voltages. 

The SUC also provides selective denial of power. If the PBX 
system becomes overloaded during an emergency, the 
SUC will provide system protection by denying power to 
selected subscriber loops. 

The Harris SUC is ideally suited for the design of new 
digital PBX systems, by eliminating bulky hybrid 
transformers. 

SUC is available in either a 24 pin Dual-in-Line Plastic or 
Ceramic package, and a 28 pin PLCC package. The SUC is 
also available as unpackaged die. 

Pinouts Functional Diagram 
HC-5502B 

(CERAMIC/PLASTIC DIP) 
TOP VIEW 

RING 2 

Vs+ 3 

AD 8 

VB 11 

HC-5502B 
(PLCC) 

TOP VIEW 

2WIR£ 
LOOP 

RING 

TRANSMIT 
OUTPUT 

, ..... ., t+-___ -F.<:'.~,:.CuE~VE 
POWER DENIAL iiO I L ___ --!I~M.!!~~ _____ ...1 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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mHARRIS 

Features 
• Monolithic Integrated Device 
• 01 High Voltage Process 
• Compatible With WOrkdwide PBX Performance 

Requirements 
• Controlled Supply of Battery Feed Current for Short 

Loops (41mA) 

• Internal Ring Relay Driver 
• Allows Interfacing With Negative Superimposed 

Ringing Systems 

• Low Power Consumption During Standby 
• Switch Hook Ground Key and Ring Trip Detection 

Functions 
• Selective Denial of Power to Subscriber Loops 

Applications 
• Solid State Line Interface Circuit for Analog and 

Digital PBX Systems 

• Direct Inward Dial (DID) Trunks 
• Voice Messaging PBXs 

Pinouts 
HC-5504 

(CERAMIC/PLASTIC DIP) 
TOP VIEW 

TX 

AG 

C4 

RX 

+IN 

-IN 

OUT 

C2 

Rc 
RF Po 

vB - GKD 

BG SHD 

HC-5504 
SLiC 

Subscriber Line Interface Circuit 

Description 
The Harris SUC incorporates many of the BORSHT 
functions on a single IC chip. This includes DC battery feed. 
a ring relay driver. supervisory and hybrid functions. This 
device is designed to maintain transmission performance in 
the presence of externally induced longitudinal currents. 

The SUC also provides selective denial of power. If the PBX 
system becomes overloaded during an emergency. the 
SUC will provide system protection by denying power to 
selected subscriber loops. 

The Harris SUC is ideally suited for the design of new PBX 
systems. by eliminating bulky hybrid transformers. 

SUC is available in either a 24 pin Dual-in-Line Plastic or 
Ceramic package. The SUC is aiso available in die form and 
a 28 pin PLCC package. 

HC4P5504 
(PLCC) 

TOP VIEW 

0- )( (!l '" i= l- e " 

RX 

+IN 

·IN 

N.{: 

C2 

TF 

... 1.1. I~ I~ a: In 
> z 

·OPTIONAL 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Schematic 

21 22 

AX C. 

Al 
TIP 

A8 

AID 

RING A9 
FEED 
ENSE 

A3 

C3 

HC-5504 

11 12 23 6 

Et ~ ,~ GNO GND GND 
+12 

VOLTAGE & CURRENT 
BIAS NETWORK 

TX 

24 

• 

~ 

HC-5504 SLIC FUNCTIONAL SCHEMATIC. 

Die Characteristics 
TransistorCount .................................. 181 
Diode Count ....................................... 27 
Die Dimensions ............................. 169 x 112 
Substrate Potential ....................... Unconnected 
Process .................................... Bipolar-DI 
Thermal Constants (OCIW) Sja Sjc 

Ceramic DIP 51 16 
Plastic DIP 52 24 
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Specifications HC-5504 

Absolute Maximum Ratings (Note 1) Recommended Operating Conditions 

Maximum Continuous Supply Voltages (VB-)..... -60 to +0.5 V 
(VB+) •... -0.5to+15V 
(VB+ - VB-)' ..... +75V 

Relay Driver Voltage (VRD) ......................... +5 to +12V 
Positive Supply Voltage (VB+) ..................... 10.8 to 13.2V 
Negative Supply Voitage(VB-) .....•................ -42 to -58V 

Relay Drive Voltage (VRD) ........................ -0.5 to + 15V Minimum High Level Logic Input Voltage .................. 2.4V 

Storage Temperature Range ................... -650 C to 1500C Maximum Low Level Logic Input Voltage .................. 0.6V 
Junction Temperature ................................. 1750 C Loop Resistance (RL) ....................... 200 to 1200 Ohms 

Operating Temperature Range 
HC-5504-5,-7 ............................... OOC to +750 C 
HC-5504-9. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -400C to +850 C 

Electrical Specifications Unless Otherwise Specified, VB- = -48V, VB+ = +12V, AG = BG = DG = OV, 
Typical Parameters +250 C. Min-Max Parameters are Over Operating Temperature Range. 

PARAMETER CONDITIONS MIN 

On Hook Power Dissipation ILong =0 -
Off Hook Power Dissipation RUNE = 600 Ohms, ILong = 0 '-

OffHooklB+ RUNE = 600 Ohms, I Long = 0 @ -400 C -
OffHooklB+ RUNE = 600 Ohms, ILong = 0 @ +250C -
OffHooklB- RUNE = 600 Ohms, ILong = 0 -

Off Hook Loop Current RUNE = 1200 Ohms, ILong = 0 -
Off Hook Loop Current RUNE = 1200 Ohms, VB- = -42V,ILong = 0 17.5 

TA= +250C 

Off Hook Loop Current RUNE = 200 Ohms,lLong = 0 36 

Fault Currents 

TIP to Ground -
RING to Ground -
TIPtoRING -
TIP and RING to Ground -

Ring Relay Drive VOL 10L = 62mA -
Ring Relay Driver Off Leakage VRD= +12V, RC = 1 = HIGH, TA = 250C -
Ring Rrip Detection Period RUNE = 600 Ohms -
Switch Hook Detection Threshold SHD=VOL 10 

SHD=VOH -
Ground Key Detection Threshold GKD = VOL 20 

GKD=VOH -
Loop Current During Power Denial -
Dial Pulse Distortion 0 

Receive Input Impedance -
Transmit Output Impedance -
Two Wire Return Loss (Return Loss Referenced to 600n +2.16~F) 

SRLLO -
ERL -
SRLHI -

Longitudinal Balance 1 V Peak-Peak 200Hz - 3400Hz 

00C~TA~+750C 

2 Wire Off Hook 58 

2Wire On Hook 60 

4 Wire Off Hook 50 

Low Frequency Longitudinal Balance R.EA Method, 00C~TA~+750C -
-

NOTES: 1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceablity of the 
circuit may be impaired. Functional operabiltty under any of these conditions is not necessarily implied. 
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TYP MAX UNITS 

135 174 mW 

390 490 mW 

- 5.0 mA 

- 4.3 mA 

35 40 mA 

21 - mA 

- - mA 

41 48 mA 

14 - mA 

63 - mA 

41 - mA 

63 - mA 

0.2 0.5 V 

- 100 f1A 
2 3 Ring Cycles 

- - mA 

- 5 mA 

- - mA 

- 10 -
±2 - mA 

- 5 ms 

90 - kOhms 

5 20 Ohms 

15.5 - dB 

24 - dB 

31 - dB 

65 - dB 

63 - dB 

58 - dB 

- 23 dBmC 

- -67 dBmOp 



Specifications HC-5504 

Electrical Specifications (Continued) 

PARAMETERS CONDITIONS MIN TYP MAX UNITS 

Insertion Loss @lkHz, OdBm Input Level 
2 Wire - 4 Wire - ±0.05 ±0.2 dB 
4 Wire - 2 Wire - ±0.05 ±0.2 dB 

Frequency Response 200 - 3400Hz Referenced to Absolute - ±0.02 ±0.05 dB 
Loss at 1 kHz and OdBm Signal Level 
00C~TA~750C 

Idle Channel Noise 00CSTAS750C -
2 Wire - 4 Wire - 1 5 dBrnC 

- -89 -85 dB mOp 
4 Wire - 2 Wire - 1 5 dBrnC 

- -89 -85 dBmOp 
Absolute Delay OOC ST A S750C 

2 Wire - 4 Wire - - 2 ~s 

4 Wire - 2 Wire - - 2 ~s 

Trans Hybrid Loss Balance Network Set Up for 600 Ohm 36 40 - dB 
Termination at 1 kHz 

Overload Level OOCSTAS750C 
2 Wire - 4 Wire 1.75 - - Vpeak 
4 Wire - 2 Wire 1.75 - - Vpeak 

Level Linearity at lkHz,OOC~TAS750C 
2 Wire - 4 Wire +3to-40dBm - - ±0.05 dB 

-40 to -50dBm - - ±0.1 dB 
-50 to -55dBm - - ±0.3 dB 

4Wire-2Wire +3to-40dBm - - ±0.05 dB 
-40 to -50dBm - - ±0.1 dB 
-50 to -55dBm - - ±0.3 dB 

Power Supply Rejection Ratio 00CSTAS750C 
VB+t02Wire 30 - 60Hz, RUNE = 600n 15 - - dB 
VB+ to Transmit 15 - - dB 
VB-t02Wire 15 - - dB 
VB- to Transmit 15 - - dB 

VB+t02Wire 200-16kHz 30 - - dB 
VB+ to Transmit RUNE = 600n 30 - - dB 
VB-to 2 Wire 30 - - dB 
VB- to Transmit 30 - - dB 

Logic Input Current (RS, Re, PO) OV~VINS5V - - ±100 ~A 
Logic Inputs 

Logic '0' VII - - 0.8 Volts 
Logic '1' V,H 2.0 - 5.5 Volts 

Logic Outputs 
Logic '0' VOL ILOAD800~ - 0.1 0.5 Volts 
Logic'l'VOH ILOAD80~ 2.7 5.0 5.5 Volts 

Uncommitted Op Amp Specifications 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage - ±5 - mV 

Input Offset Current - ±10 - nA 

Input Bias Current - 20 - nA 

Differential Input Resistance - 1 - Mn 

Output Voltage Swing RL=10K - ±5 - Vpeak 

Output Resistance AVCl = 1 - 10 - n 

Small Signal GBW - 1 - MHz 
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Pin Assiginments HC-5504 

28 PIN 24 PIN 
PlCC DIP SYMBOL DESCRIPTION 

2 1 TIP An analog input connected to the TIP (more positive) side of the subscriber loop through a 1500 
feed resistor and a ring relay. Funolions with the Ring terminal to receive voice signals from 
the telephone and for loop monitoring purposes. 

3 2 RING An analog input connected to the RING (more negative) side of the subscriber loop through a 
1500 feed resistor. Funolions with the Tip terminal to receive voice signals from the telephone 
and for loop monitoring purposes. 

4 3 RFS Senses ring side of loop for ground key and ring trip detection. During ringing, the ring signal 
is inserted into the line at this node and RF is isolated from RFS via a relay. 

5 4 VB+ Positive Voltage Source - Most positive supply. VB+ is typically 12 volts with an operational 
range of 10.8 to 13.2 volts. 

6 5 C3 Capacitor #3 - An external capacitor to be connected between this terminal and analog ground. 
Required for proper operation of the loop current limiting funolion, and for filtering VB-. 
Typical value is 0.3~F, 30V. 

7 6 DG Digital Ground - To be connected to zero potential and serves as a reference for all digital 
inputs and outputs on the SUC microcircuit. 

9 7 RS Ring Synchronization Input - A TIl- compatible clock input. The clock is arranged such that 
a positive pulse (50 -500~s) occurs on the zero crossing olthe ring voltage source, as it 
appears at the RFS terminal. For Tip side injected systems,the RS pulse should occur on the 
negative going zero crossing and for Ring injected systems, on the positive going zero crossing. 
This ensures that the ring relay aolivates and deactivates when the instantaneous ring voltage 
is near zero. If synchronization is not required, the pin should be tied to +5V. 

10 8 RD Relay Driver - A low aolive open collector logic output. When enabled, the external ring relay 
is energized. 

11 9 TF Tip Feed - A low inpedance analog output connected to the TIP terminal through a 1500 feed 
resistor. Funolions with the RF terminal to provide loop current, feed voice signals to the 
telephone set, and sink longitudinal current. 

12 10 RF Ring Feed - A low impedance analog output connected to the RING terminal through a 1500 feed 
resistor. Funolions with the TF terminal to provide loop current, feed voice singals to the 
telephone set, and sink longitudinal currents. 

13 11 VB- Negative Voltage Source - Most negative supply. VB- is typically -48 volts with an operational 
range of -42 to -58 volts. Frequently referred to as "battery". 

14 12 BG Battery Ground - To be connected to zero potential. All loop current and some quiescent current 
flows into this ground terminal. 

16 13 SHo Switch Hook Deteolion - A low aolive LS TIL - compatible logic output. This output is enabled 
for loop currents exceeding 1 OmA and disabled for loop currents less than 5mA. 

17 14 GKo Ground Key Detection - A low aolive LS TIL - compatible logic output. This output is enabled 
ilthe DC current into the ring lead exceeds the DC current out olthe tip lead by more than 
20mA, and disabled if this current difference is less than 10mA. 

18 15 PD Power Denial - A low aolive TI~ompatible logic input. When enabled, the switch hook detect 
(SHD) and ground key detect (GKD) are not necessarily valid, and the relay driver (RD) 
output is disabled. 

19 16 RC Ring Command - A low aolive TIL - Compatible logic input. When enabled, the relay driver (im) 
output goes low on the next high level of the ring sync (RS) input, as long as ~UC is not 
in the power denial state (PD = 0) or the subecriber is not already 011- hook (SHD = 0). 

20 17 C2 CapaCitor #2 - An external capacitor to be conneoled between this terminal and digital ground. 
Prevents false ground key indications from occuring durring ring trip detection. Typical value 
is 0.15~F, 1 OV. This capacitor is not used if ground key funolion is not required and (Pin 17) 
may be left open or connected to digital ground. 

21 18 OUT The analog output of the spare operational amplifier. The output voltage swing is typically ±5V. 
23 19 -IN The inverting analog input of the spare operational amplifier. 
24 20 +IN The non-inverting analog input of the spare operational amplifier. 
25 21 RX Receive Input, Four Wire Side - A high inpedance analog input which is internally biased. 

Capacitive coupling to this input is required. AC signals appearing at this input differentially 
drive the Tip feed and Ring feed terminals, which in turn drive tip and ring through 
300 Ohms of feed resistance on each side of the line. 

26 22 C4 CapaCitor #4 - An external capacitor to be conneoled between this terminal and analog 
ground. This capacitor prevents false ground key indication and false ring trip detection 
from occurring when longitudinal currents are induced onto the subscriber loop from near 
proximity power lines and other noise sources. This capacitor is also required for the proper 
operation of ring trip deteolion. Typical value is 0.5~F, to 1.0~F, 20V. This capicitor should 
be non polarized. 

27 23 AG Analog Ground - To be connected to zero potential and serves as a reference for the transmit 
output (TX) and receive input (RX) terminals. 

28 24 TX Transmit Output, Four Wire Side - A low impedance analog output which represents the 
differential voltage across Tip and Ring. Transhybrid balanCing must be preformed (using 
the SUC microcircuit's spare op amp) beyond this output to completely implement two to four 
wire conversion. This output is unbalanced and referenced to analog ground. Since the DC level 
of this output varies with loop current, ·capacitive coupling to the next stage is essential. 

1,8,15,22 NC No Internal Connection. 

NOTE: All grounds (AG, BG, & DG) must be applied before VB+ or VB-. Failure to do so may resu~ in premature failure of the parllf a user wishes to run 
separate grounds off a line card, the AG must be applied first. 
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HC-5504 

Applications Diagram 
TYPICAL LINE CIRCUIT APPLICATION WITH THE MONOLITHIC SLiC 

TIP 

SUBSCRIBER 
lOOP 

BALANCE NETWORK 

TXF-----<ot-j 
sLie 20 

HC·S504 ! "N 

OPAMP -IN!+''-.' --+---t-. 

OUT 1-"18~---;::::::::==H 
C2111 

. 
C2 

TYPICAL COMPONET VALUES 

C2 = 0.15"F, 10V 
C3 = 0.3"F, 30V 
C4 = 0.5"F to 1.0"F, 1 0%, 20V (Should be nonpolarized) 
C5 = 0.51'F, 20V 

C6 = C7 = 0.5"F (10% Match Required) (Note 2) 
C8 = 0.01 "F, 1 OOV 
C9 = 0.01 "F, 20V, ±20% 

R1 = R2 = R3 = 100k (0.1% Match Required, 1% absolute value) ZB = 0 for 6000 Terminations (Note 2) 
RB1 = RB2 = RB3 = RB4 = 1500 (0.1% Match Required, 1% absolute value) 
RS1 = RS2 =1 kO, typically. 
CS1 = CS2 = 0.11'F, 200V typically, depending on VRING and line length. 
Z1 = 150V to 200V transient protection. 
PTC used as ring generator ballast. 

NOTE 1: Secondary protection diode bridge recommended is an MDA 220 or equivalent. 

NOTE 2: To obtain the specified transhybrid loss it is necessary for the three legs of the balance network, C6-R1 and R2 and C7 -ZB-R3, 
to match in impedance to within 0.3%. Thus, if C6 and C7 and 11'F each, a 20% match is adequate. It should be noted that the 
transmit output to C6 see's a -22V step when the loop is closed. Too large a value for C6 may produce an excessively long tran­
sient at the op amp output to the PCM Filter/CODEC. 

A 0.51'F and 100kO gives a time constant of 50msec. The uncommitted op amp output is internally clamped to stay within 
±5.5V and also has current limiting protection. 

ADDITIONAL INFORMATION IS CONTAINED IN APPLICATION NOTE 549, "THE HC-550X TELEPHONE SLlCs" 
BY GEOFF PHILLIPS 

Overvoltage Protection and 
Longitudinal Current Protection 

The SLiC device, in conjunction with an external protection 
bridge, will withstand high voltage lightning surges and 
power line crosses. 

High voltage surge conditions are as specified in Table 1. 

The SLiC will withstand longitudinal currents up to a maxi­
mum or 30mA RMS, 1 5mA RMA per leg, without any perfor­
mance degradation. 
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PARAMETER 

Longitudinal 
Surge 

Metallic Surge 

T/GND 
R/GND 

50/60Hz 
Current 

T/GND 
R/GND 

TABLE 1 

TEST PEFORMANCE 
CONDITION (MAX) UNITS 

1Ol'sRise/ ±1000 (Plastic) V Peak 
1000l's/Fall ±500 (Ceramic) V Peak 

10l'S Rise/ ±1000(Plastic) V Peak 
10001' Fall ±500 (Ceramic) V Peak 

10l'sRise/ ±1000 (Plastic) V Peak 
1000l's Fall ±500 (Ceramic) V Peak 

700Vrms 11 Cycles 
Limited to 
10Arms 

~ 
o 
It) 
It) 

I 
o 
:I: 

III 
IZ 

::EO 
OJ: 
UeC Wu 
...1-
wZ 
1-::) 

::E 



II HARRIS 

PREVIEW 

Features 
• Pin for Pin Replacement for the HC-5504 With 

Added Low Voltage +5V (VB+) Capability 
• Monolithic Integrated Device 
• 01 High Voltage Process 
• Compatible With Workdwide PBX Performance 

Requirements 
• Controlled Supply of Battery Feed Current for Short 

Loops (41mA) 
• Internal Ring Relay Driver 
• Allows Interfacing With Negative Superimposed 

Ringing Systems 
• Low Power Consumption During Standby 
• Switch Hook Ground Key and Ring Trip Detection 

Functions 
• Selective Denial of Power to Subscriber Loops 

Applications 
• Solid State Line Interface Circuit for Analog and 

Digital PBX Systems 
• Direct Inward Dial (DID) Trunks 
• Voice Messaging PBXs 

HC-55048 
SLiC 

Subscriber Line Interface Circuit 

Description 
The Harris SLiC incorporates many of the BORSHT 
functions on a single IC chip. This includes DC battery feed, 
a ring relay driver, supervisory and hybrid functions. This 
device is designed to maintain transmission performance in 
the presence of externally induced longitudinal currents. 

The SLiC also provides selective denial of power. If the PBX 
system becomes overloaded during an emergency, the 
SLiC will provide system protection by denying power to 
selected subscriber loops. 

The Harris SLiC is ideally suited for the desigbn of new PBX 
systems, by eliminating bulky hybrid transformers. 

SLiC is available in either a 24 pin Dual-in-Line Plastic or 
Ceramic package. The SLiC is also available in die form and 
a 28 pin PLCC package. 

Pinouts Functional Diagram 
HC-5504B 

(CERAMIC/PLASTIC DIP) 
TOP VIEW 

HC4P5504B 
(PLCC) 

TOP VIEW 

2WIRE 
LOOP 

RING SYNC ~4---f----' 
Rc 

-V8AT 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be fOllowed. 
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mHARRIS HC-5512/5512A 

Features 

• Exceeds All 03/04 and CCITT Specifications 

• +SV, -SV Power Supplies 

• Low Power Consumption: 
~ 4SmW (600n OdBm Load) 
.. 30mW (Power Amps Disabled) 

• Power Down Mode: O.SmW 

• 20dB Gain Adjust Range 

• No External Anti-Aliasing Components 

• Sin x/x Correction in Receive Filter 
• SO/60Hz Rejection in Transmit Filter 

• TTL and CMOS Compatible Logic 
• All Inputs Protected Against Static Discharge 

Due to Handling 

Pinout 
HC-5512/5512A (CERAMIC DIP) 

TOP VIEW 

VFxl+ 
,. 

VFxO 

VFxl- 15 GNDA 

GS, 14 CLKO 

VFRO 13 PDN 

PWRO 
12 

elK 

PWRO+ 11 GNOD 

PWRO- 10 VFRI 

v •• 
9 

Vee 

Functional Diagram 

VF.I_..:2L-'--""," 

VF.I+_'I"""""'>--1~ 

PWRO--,7,"-_~ 

PWRO+·":·L-"~~ 

GS. 

Vee 

PCM Monolithic Filter 

Description 
The HC-5512/HC-5512A filter is a monolithic circuit 
containing both transmit and receive filters specifically 
designed for PCM CODEC filter applications in 8kHz sam­
pled systems. The HC-5512A has tighter gain specification 
than the HC-5512. 

The filter is manufactured using double-poly silicon gate 
CMOS technology. Switched capacitor integrators are used 
to simulate classical LC ladder filters which exhibit low 
component sensitivity. 

Transmit Filter Stage 

The transmit filter is a fifth order elliptic low pass filter in ser­
ies with a fourth order Chebyshev high pass filter. It 
provides a flat response in the passband and rejection of 
signals below 200Hz and above 3.4kHz. 

Receive Filter Stage 

The receive filter is a fifth order elliptic low pass filter des­
igned to reconstruct the voice signal from the decoded/ 
demultiplexed signal which, as a result of the sampling pro­
cess, is a stairstep signal having the inherent sin x/x 
frequency response. The receive filter approximates the 
function required to compensate for the degraded frequen­
cy response and restore the flat passband response. 

Both PCM filters are ideally suited for use with the 
HC-5502A, HC-5504, CVSD and PCM CODECS. 

VBB GNDD GNDA PDN 

I. 
VFxO 

1. 

CLKO 

12 

elK 

FIGURE 1. 

CAUTION: These devices are sens~lve to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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Specifications HC-5512/12A 

Absolute Maximum Ratings 
Supply Voltages .................................. ±7V Operating Temperature Range 
Power Dissipation . . . . . . . . . . . . . . . . . . . . . . .. 1 W /Package HC-5512/12A-5, -7 ................... COC to +750 C 
Input Voltage .................................... ±7V Storage Temperature ................. -650 C to +1500 C 
Output Short-Circuit Duration ............... Continuous Lead Temperature (Soldering, 1 Os) ............... 3000 C 
Junction Temperature ..................... 1750 C 

D.C. Electrical Specifications Unless otherwise specified, typical parameters @ 250 C, Min-Max parameters are 
over operating temperature range, Vce = 5.0V ± 5%, VBB = -5.0V ± 5%, clock fre­
quency is 1.S44MHz. VCC = 5.0V, VBB = -S.OV. Digital interface voltages measured 
with respect to digital ground, GNDD. Analog voltages measured with respect to 
analog ground, GNDA. 

Symbol Parameter Conditions Units 

POWER DISSIPATION 

leeo Vee Standby Current PDN = VDD, Power Down Mode 50 100 p.A 

Isso Vss Standby Current PDN = VDD, Power Down Mode 50 100 p.A 

lecl Vcc Operating Current PWAI = Vss, Power Amp Inactive 3.0 4.0 mA 

ISS1 Vss Operating Current PWAI = V ss, Power Amp Inactive 3.0 4.0 mA 

Ice2 Vee Operating Current Note 1 4.6 6.4 mA 

Iss2 Vss Operating Current Note 1 4.6 6.4 mA 

DIGITAL INTERFACE 

'iNe Input Current, ClK Vss " VIN " Vee -10 10 p.A 

'INP Input Current, PDN Vss " VIN " Vee -100 p.A 

'INO Input Current, ClKO Vss" VIN" Vee -0.5V -10 - 0.1 p.A 

VIL Input low Voltage, ClK, PDN 0 0.8 V 

VIH Input High Voltage, ClK, PDN 2.2 Vee V 

VILa Input low Voltage, ClKO Vss Vss+0.5 V 

Vila Input Intermediate Voltage, ClKO -O.B 0.8 V 

VIHO Input High Voltage, ClKO Vec- 0.5 Vee V 

TRANSMITINPUTOPAMP 

IBxl Input leakage Current, VFxl Vss " VFx'" Vee -100 100 nA 

Alxl Input Aesistance, VFxl Vss"VFx'"Vee 10 MU 

VOSxl Input Offset Voltage, VFxl -2.5V" VIN " + 2.5V -20 20 mV 

VeM Common·Mode Aange, VFxl -2.5 2.5 V 

CMAA Common-Mode Aejection Aatio - 2.5V" VIN " 2.5V 60 dB 

PSRR Power Supply Rejection of Vee 60 dB 

orVss 

ROL Open loop Output Resistance, 1 kU 
GSx 

RL Minimum load Resistance, GSx 10 kU 

CL Maximum load Capacitance, GSx 100 pF 

VOxl Output Voltage Swing, GS x RL",10k ±2.5 V 

AVOL Open loop Voltage Gain, GSx RL", 10k 5,000 V/V 

Fe Open loop Unity Gain Bandwidth, 2 MHz 

GSx 
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Specifications HC-5512/12A 

A.C. Electrical Specifications Unless otherwise specified, typical parameters @ 250 C. Min-Max parameters are 
over operating temperature range. All parameters are specified for a signal level of 
o dBmO at 1 kHz. The 0 dBmO level is assumed to be 1.54 Vrms measured at the 
output of the transmit or receive filter. 

Symbol Parameter Conditions Min Typ Max Units 

TRANSMIT FILTER (Transmit filter input op amp set to the non·inverting unity gain mode, with VF xl = 1.09 Vrms unless other-
wise noted.) 

RL, Minimum Load Resistance, VF,O -3.2V < VOUT<3.2V 10 kn 

CL, Load Capacitance, VF,O 100 pF 

RO, Output Resistance, VF,O 1 3 n 

PSRR1 Vce Power Supply Rejection, VF,O I = 1kHz, VF,I + = 0 Vrms 30 dB 

PSRR2 VBB Power Supply Rejection, VF,O Same as Above 35 dB 

GA, Absolute Gain 1=1 kHz1HC-5512AI 2.9 3.0 3.1 dB 
1=1 kHz IHC-55121 2.875 3.0 3.125 dB 

GR, Gain Relative to GA, Below 50 Hz -35 dB 
50 Hz -41 -35 dB 
60 Hz -35 -30 dB 
200 Hz1HC-5512AI -1.5 0 dB 
200 Hz IHC-55121 -1.5 0.05 dB 
300 Hz to 3 kHz (HC-5512A) -0.125 0.125 dB 
300 Hz to 3 kHz (HC-5512) -0.15 0.15 dB 
3.3 kHz -0.35 0.03 dB 
3.4 kHz -0.70 -0.1 dB 
4.0 kHz -15 -14 dB 
4.6 kHz and Above -32 dB 

DA, Absolute Delay at 1 kHz 230 "s 

DDx Differential Envelope Delay Irom 60 "s 
1 kHz to 2.6 kHz 

DPx1 Single Frequency Distortion -48 dB 
Products 

DP,2 Distortion at Maximum'Signal 0.16 Vrms, 1 kHz Signal Applied to -45 dB 
Level VF,I +, Gain = 20 dB, RL = 10k 

NC,1 Total C Message Noise at VF,o 2 5 dBrncO 

NC,2 Total C Message NOise at VF,O Gain Setting Op Amp at 20 dB, 3 6 dBrncO 
Non·lnverting, Note 3 
T A = O°C to 70°C 

GA,T Temperature CoeffiCient 01 0.0004 dB/oC 

1 kHz Gain 

GAxS Supply Voltage Coefficient 01 Vee = 5.0V ± 5% 0.01 dBN 
1 kHz Gain VBB = -5.0V±5% 

CTRX Crosstalk, Receive to Transmit Receive Filter Output = 2.2 Vrms -70 dB 
VF 0 VFxl + = 0 Vrms, 1= 0.2 kHz to 3.4 kHz 

20 log --'-
VFRO Measure VFxO 

GRxL Gaintracking Relative to GA, Output Level = + 3 dBmO -0.1 0.1 dB 
+ 2 dBmO to - 40 dBmO -0.05 0.05 dB 
- 40 dBmO to - 55 dBmO -0.1 0.1 dB 
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Specifications He-55 72/7 2A 

A.C. Electrical Specifications Unless otherwise specified, typical parameters @ 250 C. Min-Max parameters are 
over operating temperature range. All parameters are specified for a signal level of 
o dBmO at 1 kHz. The 0 dBmO level is assumed to be 1.54 Vrms measured at the 
output of the transmit or receive filter. 

Symbol Parameter Conditions Units 

RECEIVE FILTER(Unless otherwise noted, the receive filter is preceded by a sin x/x filter with an input signal level of 1.54 Vrms.) 

IBR Input Leakage Current, VFRI - 3.2V:s VIN:s 3.2V -100 100 nA 

RIR Input Resistance, VFRI 10 MO 

ROR Output Resistance, VFRO 1 3 0 

CLR Load Capacitance, VFRO 100 pF 

RLR Load Resistance, VFRO 10 kO 

PSRR3 Power Supply Rejection of Vee or VFRI Connected to GNDA 35 dB 
VBB, VFRO f = 1 kHz 

VOSRO Output DC Offset, VFRO VFRI Connected to GNDA -200 200 mV 

GAR Absolute Gain f = 1 kHz (HC-5512A) -0.1 a 0.1 dB 
f = 1 kHz (HC-5512) -0.125 a 0.125 dB 

GR R Gain Relative to Gain at 1 kHz Below 300 Hz 0.125 dB 
300 Hz to 3.0 kHz (HC-5512A) -0.125 0.125 dB 
300 Hz to 3.0 kHz (HC-5512) -0.15 0.15 dB 
3.3 kHz -0.35 0.03 dB 
3.4 kHz -0.7 -0.1 dB 
4.0 kHz -14 dB 
4.6 kHz and Above -32 dB 

DAR Absolute Delay at 1 kHz 100 I'S 

DDR Differential Envelope Delay 1 kHz 100 I'S 

to 2.6 kHz 

DPR' Single Frequency Distortion f = 1 kHz -48 dB 
Products 

DPR2 Distortion at Maximum Signal 2.2 Vrms Input to Sin xix Filter. -45 dB 
Level f = 1 kHz, RL = 10k 

NCR Total C-Message Noise at VFRO 3 5 dBrncO 

GART Temperature Coefficient of 1 kHz 0.0004 dB/oC 

Gain 

GARS Supply Voltage CoeffiCient of 0.01 dBIV 
1 kHz Gain 

CTxR Crosstalk, Transmit to Receive Transmit Filter Output = 2.2 Vrms -70 dB 
VF 0 VFRI = 0 Vrms, f = 0.3 kHz to 3.4 kHz 

2010g--R-
VF,O Measure VFRO 

GRRL Gaintracking Relative to GAR Output Level = + 3 dBmO -- 0.1 0.1 dB 
+ 2 dBmO to - 40 dBmO -0.05 0_05 dB 
- 40 dBmO to - 55 dBmO -0.1 0.1 dB 

Note 5 
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Specifications HC-5512/12A 

A.C. Electrical Specifications Unless otherwise specified, typical parameters @ 250C. Min-Max parameters are 
over operating temperature range. All parameters are specified for a signal level of 
o dBmO at 1 kHz. The 0 dBmO level is assumed to be 1.54 Vrms measured at the 
output of the transmit or receive filter. 

Symbol Parameter Conditions Min Typ Max 

RECEIVE OUTPUT POWER AMPLIFIER 

IBP Input Leakage Current, PWRI - 3.2V s VIN S 3.2V 0.1 3 

RIP Input Resistance, PWRI 10 

ROPl Output ReSistance, PWRO +, Amplifiers Active 1 
PWRO-

CLP Load Capacitance, PWRO +, 500 
PWRO-

GAp+ Gain, PWRI to PWRO + RL = 60011 Connected Between 1 

GAp- Gain, PWRI to PWRO - PWRO + and PWRO - , Input -1 
Level = a dBmO (Note 4) 

GRpL Gaintracking Relative to a dBmO V = 2.05 Vrms, RL = 60011 (Notes 4,5) -0.1 0.1 
Output Level V = 1.75 Vrms, RL = 30011 -0.1 0.1 

SlOp Signal/Distortion V = 2.05 Vrms, RL = 60011 (Notes 4, 5) - 45 
V = 1.75 Vrms, RL = 30011 -45 

VOSP Output DC Offset, PWRO + PWRI Connected to GNDA -50 50 
PWRO-

PSRR5 Power Supply Rejection of Vee PWRI Connected to GNDA 45 
or VBB 

Note 1: Maximum power consumption will depend on the load impedance connected to the power amplifier. The specification 
listed assumes 0 dBm is delivered to 60onconnected from PWRO+ to PWRO-. 
Note 2: Voltage input to receive filter at OV, VFRO connected to PWRI, 600n from PWRO+ to PVVRO-. Output measured from 
PWRO+ to PWRO-. 
Note 3: The OdBmO level for the filter is assumed to be 1,54 Vrms measured at the output of the XMT or ReV filter. 
Note 4: The OdBmO level for the power amplifiers is load dependent. For RL = 600n to GNDA the OdBmO level is 1.43 Vrms 
measured at the amplifier output for R L = 300nthe OdBmO level is 1,22Vrms. 
Note 5: VFRO connected to PWRI, in'put signal applied to VFRI. 

Interface Circuit 

R2 Rl 

r- _ I~~~~C= ~R~~T _ _ , J. GNOA T 1 
TRANSFORMERS I -r-_--:-,:1L!2'-_~L!3:.....--__, O.I/.1F $ aDo i ~ i 1 VFxl+ VFxl- GSx VFxO rY'~ VFx 

- GNOA I HC-6512/HC-6512A r::A CDDEC 

- -=-:7 13 

~'-600--1I-'"'~:llt a':!:a PWRO- PDN 1+-
10
------1 PDN 

L---1r_~ ~~-~~I~~P-W-R-O-+~P~W~R~I:.....~V~FpR~O--V-F-R~I~:.....----~LV-F_R ___ D_Rj+---~~M 
___________ J 

R4 15 R3 14 

.,!. GNDA 

Note 1: Transmit voltage gain "'" Rl:2 R2 xJ2 (!he filter itself introduces a 3dB gain) (R1 +R2 2: 10k). 

Note 2: Receive gain = R3 R+~4 
(R3 +R4 2: 10k) 

Note 3: In the configuration shown, the receive filter power amplifiers will drive a 6oo~lT to R termination to a signal level of B,5dBm. 
An alternative arrangement, using a transformer winding ratio equivalent to 1.414:1 and 3QOG resistor, RS, will provide a 
maximum signal level of 10.1dBm across a 600!~ termination impedance. 

FIGURE 2. 
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HC-5512/12A 

Pin Assignments 

Pin 
No. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Name 

PWRI 

PWRO+ 

PWRO-

Vee 

Function 

The non·inverting input to 
the transmit filter stage. 

The inverting input to the 
transmit filter stage. 

The output used for gain 
adjustments of the transmit 
filter. 

The low power receive filter 
output. This pin can directly 
drive the receive port of an 
electronic hybrid. 

The input to the receive filter 
differential power amplifier. 
The non-inverting output of 
the receive filter power 
amplifier. This output can 
directly interface conven­
tional transformer hybrids. 

The inverting output of the 
receive filter power amplifier. 
This output can be used with 
PWRO + to differentially 
drive a transformer hybrid. 
The negative power supply 
pin. Recommended input is 
-5V. 

The positive power supply 
pin. The recommended input 
is 5V. 

The input pin for the receive 
filter stage. 

Typical Performance Characteristics 

Transmit Filter Stage 

-10 II 1\ 

~ -10 

J " -30 --+-=> 
>-
:; -40 
~ 
<C -50 

-60 

-)0 

0.1 10 
·FREQUENCV (kHz) 

Die Characteristics 
Transistor Count .................................. 815 
Die Dimensions .......................... 179.9 x 129.1 
Substrate Potential ................................ +V 
Process. . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .. SAJI CMOS 
Thermal Constants (OCIW) 9ja 9jc 

Ceramic DIP 75 15 
Ceramic LCC 76 19 
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Pin 
No. 

11 

12 

13 

14 

15 

16 

Name 

GNDD 

ClK 

PDN 

ClKO 

GNDA 

Function 

Digital ground input pin. All 
digital signals are refer­
enced to this pin. 

Master input clock. Input fre­
quency can be selected as 
2.048 MHz, 1.544 MHz or 
1.536 MHz. 

The input pin used to power 
down the HC-5512/12A during 
idle periods. logic 1 (Vee) 
input voltage causes a 
power down condition. An in­
ternal pull-up is provided. 

This input pin selects in­
ternal counters in accord­
ance with the ClK input 
clock frequency: 

ClK Connect ClKO to: 

2048 kHz Vce 
1544 kHz GNDD 
1536 kHz VBB 

An internal pull-up is 
provided. 

Analog ground input pin. All 
analog signals are refer­
enced to this pin. Not inter­
nally connected to GNDD. 

The output of the transmit 
filter stage. 

Receive Filter Stage 
10 r--r'-rnTITr--r"nT~ 
o J lilill ~~LTER 

10 -_tFUEil,I~!L~t--j\f"'tittt 
-10 t-----+ ' ' I 
-30 f-----f--1 !,--HH-tlit SIN ~/X 
-40 

- 50 1---t-I1-1''+t-I-ttt----T-T-rti11tt 

-60 

-)0 

wi ' 
X ~.i8CCO=00' -t,-tttt+t--1-+-f+tlBl 

0.1 10 
FREQUENCY (kH,' 



HC-5512/12A 

Functional Description 

The HC-5512/12A monolithic filter contains four main 
sections; Transmit Filter, Receive Filter, Receive 
Filter Power Amplifier, and Frequency Divider/ 
Select Logic (Figure 1). A brief description of the 
operation for each section is provided below. 

Transmit Filter 

The input stage of the transmit filter is a CMOS opera­
tional amplifier which provides an input resistance of 
greater than 10M n ,a voltage gain of greater than 
5,000, low power consumption (less than 3mW), high 
power supply rejection, and is capable of driving a 
1 OkO load in parallel with up to 1 OOpF. The inputs and 
output of the amplifier are accessible for added flex­
ibility. Noninverting mode, inverting mode, or differ­
ential amplifier mode operation can be implemented 
with external resistors. It can also be connected to 
provide a gain of up to 20dB without degrading the 
overall filter performance. 

The input stage is followed by a prefilter which is a 
two-pole RC active low pass filter designed to attenu­
ate high frequency noise before the input signal enters 
the switched-capacitor high pass and low pass filters. 

A high pass filter is provided to reject 200Hz or lower 
noise which may exist in the signal path. The low pass 
portion of the switched-capacitor filter provides 
stopband attenuation which exceeds the 03 and 04 
specifications as well as the CCITT G712 recom­
mendations. 

The output stage of the transmit filter, the postfilter, 
is also a two-pole RC active low pass filter which 
attenuates clock frequency noise by at least 40dB. 
The output of the transmit filter is capable of driving a 
±3.2V peak to peak signal into a 10kn load in paralle~ 
with up to 1 OOpF. 

Receive Filter 

The input stage of the receive filter is a prefilter which 
is similar to the transmit prefilter. The prefilter 
attenuates high frequency noise that may be present on 

Applications Information 

Gain Adjust 

(Figure 2) shows the signal path interconnections 
between the HC-5512/12A and a single channel 
CODEC. The transmit RC coupling components have 
been chosen both for minimum passband droop and to 
present the correct impedance to the CODEC during 
sampling. 

Optimum noise and distortion performance will be 
obtained for the HC-5512/12A filter when operated 
with system peak overload voltages of ±2.5V to ±3.2V 
at VFxO. When interfacing to a PCM CODEC with a 
peak overload voltages outside this range, further gain 
or attenuation may be required. 
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tfle receive input signal. A switched capacitor low pass 
filter follows the prefilter to provide the necessary 
passband flatness, stopband rejection and sin x/x gain 
correction. A postfilter which is similar to the transmit 
postfilter follows the low pass stage. It attenuates 
clock frequency noise and provides a low output 
impedance capable of directly driving an electronic 
subscriber-line-interface circu it. 

Receive Filter Power Amplifiers 

Two power amplifiers are also provided to interface to 
transformer coupled line circuits. These two amplifiers 
are driven by the output of the receive postfilter 
through gain setting resistors, R3, R4 (Figure 2). The 
power amplifiers can be deactivated, when not re­
quired, by connecting the power amplifier input (pin 
5) to the negative power supply VBB. This reduces the 
total filter power consumption by approximately 
10mW-20mW depending on output signal amplitude. 

Power Down Control 
A power down mode is also provided. A logic 1 power 
down command applied on the PDN pin (pin 13) will 
reduce the total filter power consumption to less than 
1mW. If the PWRI pin (pin 5) is connected to VBB, 
the power amplifier output will enter a high imped­
ance (tri-state) mode. Otherwise, the power ampli­
fier output will be clamped to VBB. 

Frequency Divider and Select Logic Circuit 

This circuit divides the external clock frequency down 
to the switching frequency of the low pass and high 
pass switched capacitor filters. The divider also con­
tains a TTL-CMOS interface circuit which converts the 
external TTL clock level to the CMOS logic level 
required for the divider logic. This interface circuit can 
also be directly driven by CMOS logic. A frequency 
select circuit is provided to allow the filter to operate 
with 2.048MHz, 1.544MHz or 1.536MHz clock freq­
uencies. By connecting the frequency select pin 
CLKO (pin 14) to VCC, a 2.048MHz clock input 
frequency is selected. Digital ground selects 1.544MHz 
and VSB selects 1.536MHz. 

A gain stage following the transmit filter output and an 
attenuation stage following the CODEC output are 
required. 

Board Layout 

Care must be taken in PCB layout to minimize power 
supply and ground noise. Analog ground (GNDA) of 
each filter should be connected to digital ground 
(GNDD) at a single point, which should be bypassed to 
both power supplies. Further power supply decoupling 
adjacent to each filter and CODEC is recommended. 
Ground loops should be avoided, both between GNDA 
and GNDD and between the GNDA traces of adjacent 
filters and CODECs. 
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;II H.ARRIS 

Features 
• +sv, -sv Power Supplies 

• Low Power Consumption: 
4SmW (SOOn OdBm Load) 
30mW (Power Amps Disabled) 

• Power Down Mode: ...................................... O.SmW 

• No External Anti-Aliasing Components 

• Sin x/x Correction in Receive Filter 

• SO/SO Hz Rejection in Transmit Filter 

• TTL and CMOS Compatible Logic 

• All Inputs Protected Against Static Discharge 
Due to Handling 

• HC-SS12D-2/-B 
Temperature Range ..................... -SSoC to +12SoC 

Description 

The HC-5512D filter is a monolithic circuit containing 
both transmit and receive filters originally designed for 
PCM CODEC filtering applications in 8kHz sampled 
systems. 

The filter lends itself well as a cost effective replacement 
of a discrete audio input/output filter for CVSD/ 
PCMI ADPCM/PAM speech filtering. Other applications 
include telephone line cards, modems and multiplexers. 

The HC-5512D is a wider speCification version of the 
HC-5512 that meets high-rei requirements and most 
D3/D4 and CCITT specifications. To meet the Harris 
high-rei Dash -8 program (-550 C to+1250 C). the 
HC-5512D undergoes a manufacturing process which 
requires more test, burn-in and inspection than the 
HC-5512. 

The filter is manufactured using double-poly silicon gate 
CMOS technology. Switched capacitor integrators are 

Functional Diagram 

VFICI-~2L.....O.~ ... 

VFJ(I+...,',....... ....... ~ 

PWRO 7 

GS, 

HC·5512D 
PCM or CVSD Monolithic Filter 

Pinouts 
HC-5512D (CERAMIC) 

TOP VIEW 

VFx l+ VF,O 

VF,I- GNDA 

GS, CLKO 

VFRO PDN 

PWRI CLK 

PWRO+ GNDO 

PWRO- VFRI 

VBB VCC 

GSx 

Vf"o 

H'<: 

PWRI 

PWRO+ 

HC4-5512D (LCC) 
TOP VIEW 

+. a < 
J< J< c 

~ .l:' z 
> > > " 
l~J L~J l~J ~ ~J 

~] [fa CLKO 

~] [f7 PON 

t:!J [fs HoC 

!] [£5 eLK 
~] [f4 GNDO 

r'9' ~~ r,-,l r,-2! ~3! 

~ ill ,. " ~ > z ? > 
~ 

used to simulate classical LC ladder filters which exhibit 
low component sensitivity. 

Transmit Filter Stage 

The transmit filter is a fifth order elliptic low pass filter in 
series with a fourth order Chebyshev high pass filter. It 
provides a flat response in the passband and rejection of 
signals below 200Hz and above 3.4kHz. 

Receive Filter Stage 

The receive filter is a fifth order elliptic low pass filter 
designed to reconstruct the voice signal from the 
decoded/demultiplexed signal which, as a result of the 
sampling process, is a stairstep signal having the inherent 
sin x/x frequency response. The receive filter ap­
proximates the function required to compensate for the 
degraded frequency response and restore the flat 
passband response. 

VBB GNDD GNDA PDN 

,. 
VFxO 

" 
CLKO 

12 

elK 

10 

YFRI 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow standard Ie Handling Procedures. 
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Specifications HC-5512D 

Absolute Maximum Ratings 
Supply Voltages. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 7V Operating Temperature Range 
Input Voltage .................................... ± 7V HC-551 20-2, -8 ................... -550 C to + 1250 C 
Output Short-Circuit Duration ............... Continuous HC-5512D -9 ...................... -400 C to +850 C 
Junction Temperature ..................... 1750 C Storage Temperature ................. -650 C to + 1 5QOC 

Lead Temperature (Soldering, 10 seconds) ........ 3000 C 

DC Electrical Specifications Unless Otherwise Noted, T A = Operating temperature range for min-max parameters, 
VCC + 5.0V ±5%. Clock Frequency is 1.544MHz. Typical parameters are specified at 
T A = + 250 C, VCC = + 5.0V. VBB = -5.0V. Digital interface voltages measured with 
respect to digital ground, GNDD. Analog voltages measured with respect to analog 
ground, GNDA. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

POWER DISSIPATION 

ICCO VCC Standby Current PDN = VDD. Power Down Mode 50 200 /1A 
IBBO VBB Standby Current PDN = VDD, Power Down Mode -200 -50 /1A 
ICC1 VCC Operating Current PWRI = VBB, Power Amp Inactive 3.0 7.0 rnA 

IBB1 VBB Operating Current PWRI = VBB, Power Amp Inactive -7.0 -3.0 rnA 

ICC2 VCC Operating Current Note 1 4.6 9.0 rnA 

IBB2 VBB Operating Current Note 1 -9.0 -4.6 rnA 

DIGITAL INTERFACE 

IINC Input Current, ClK VBB S; VIN S; VCC -10 10 /1A 
IINP Input Current, PDN VBB S; VIN S; VCC -100 100 /1A 
liND Input Current, ClKO VBB S; VIN S; VCC - 0.5V -10 0 /1A 
Vil Input low Voltage, ClK, PDN 0 0.8 V 
VIH Input High Voltage, CLK, PDN 2.2 VCC V 
VILO Input Low Voltage, CLKO VBB VBB +0.5 V 
VIIO Input Intermediate Voltage, CLKO -0.8 0.8 V 

VIHO Input High Voltage, CLKO VCC -0.5 VCC V 

TRANSMIT INPUT OP AMP 

IBxl Input Leakage Current, VFxl VBB S; VFxl S; VCC -100 100 nA 
Rlxl Input Resistance, VFxl VBB S; VFxl S; VCC 10 Mil 

VOSxl Input Offset Voltage, VFxl -2.5V S; VIN S; +2.5V -20 20 mV 

VCM Common Mode Range, VFxl -2.5 2.5 V 
CMRR Common Mode Rejection Ratio -2.5V S; VIN S; +2.5V 60 dB 
PSRR+ Power Supply Rejection of VCC 60 dB 
PSRR- Power Supply Rejection of VBB 60 dB 
ROL Open Loop Output Resistance, GSx kll 
RL Minimum Load Resistance, GSx 10 kll 
CL Maximum Load Capacitance, GSx 100 pF 

VOxl Output Voltage Swing, GSx Rl ~ 10k -2.5 2.5 V 

AVOL Open Loop Voltage Gain, GSx RL ~ 10k 3000 V/V 
Fc Open Loop Unity Gain Bandwidth, 2 MHz 

GSx 
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Specifications HC-5512D 

A.C. Electrical Specifications Unless otherwise specified. typical parameters @ 250 C. Min-Max parameters are 
over operating temperature range. All parameters are specified for a signal level of 
o dBmO at 1 kHz. The 0 dBmO level is assumed to be 1.54 Vrms measured at the 
output of the transmit or receive filter. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

TRANSMIT FILTER (Transmit filter input op amp set to the noninverting unity gain mode, with VFxl = 1.09Vrms unless otherwise noted) 

RLx Minimum Load Resistance -3.2V < VOUT < 3.2V 10 kO 
CLx Load Capacitance, VFxO 100 pF 
ROx Output Resistance, VFxO 1 3 0 

PSRR1 VCC Power Supply Rejection, VFxO 1= 1 kHz, VFxl+ = OVrms 30 dB 
PSRR2 VBB Power Supply Rejection, VFxO Same as above 35 dB 

GAx Absolute Gain I = 1kHz 2.8 3.0 3.2 dB 
GRx Gain Relative to GAx Below 50Hz -35 dB 

50Hz -41 -35 dB 
60Hz -35 -30 dB 
200Hz -1.5 0.15 dB 
300Hz to 3kHz -0.15 0.15 dB 
3.3kHz -0.35 0.15 dB 
3.4kHz -1.0 0.0 dB 
4.0kHz -15 -10 dB 
4.6kHz and Above -30 dB 

DAx Absolute Delay at 1 kHz 230 /J.S 
DDx Differential Envelope Delay Irom 60 /J.S 

1 kHz to 2.6kHz 
DPx1 Single Frequency Distortion -40 dB 

Products 
DPx2 Distortion at Maximum Signal Level 0.16Vrms, 1 kHz Signal Applied to -40 dB 

Level VFxl+, Gain = 20dB, RL = 10k 
NCx1 Total C Message Noise at VFxO 10 dBrnCO 

with VIN = 0 
NCx2 Total C Message Noise at VFxO Gain Setting Op Amp at 20dB, 10 dBrnCO 

with VIN = 0 Non-Inverting 
GAxT Temperature Coefficient 01 0.0004 dB/oC 

1kHz Gain 
GAxS Supply Voltage Coefficient 01 0.01 dBIV 

1kHz Gain 
CTRx Crosstalk, Receive to Transmit Receive Filter Output = 2.2Vrms -60 dB 

20 log VFxO VFxl+ = OVrms, I = 0.2kHz to 3.4kHz 

VFRO Measure VFxO 

GRxL Gaintracking Relative to GAx Output Level = +3dBmO to -45dBmO -0.1 0.1 dB 
-50dBmO -0.15 0.15 dB 
-55dBmO -0.25 0.25 dB 
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Specifications HC-5512D 

A.C. Electrical Specifications Unless otherwise specified, typical parameters @ 250 C. Min-Max parameters are 
over operating temperature range. All parameters are specified for a signal level of 
o dBmO at 1 kHz. The 0 dBmO level is assumed to be 1.54 Vrms measured at the 
output of the transmit or receive filter. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

RECEIVE FILTER (Unless otherwise noted. the receive filter is preceded by a sin x/x filter with an input signal level of l.S4Vrms.) 

IBR Input Leakage Current, VFRI ·2.5V :s VIN :s 2.5V ·100 100 nA 
RIR Input Resistance, VFRI 10 Mil 
ROR Output Resistance, VFRO 1 3 n 
CLR Load Capacitance, VFRO 100 pF 
RLR Load Resistance, VFRO 10 kll 

PSRR3 Power Supply Rejection 01 VCC or VFRI Connected to GNDA 35 dB 
VBB, VFRO f = 1kHz 

VOSRO Output DC Offset, VFRO VFRI Connected to GNDA ·200 200 mV 
GAR Absolute Gain f = 1kHz ·0.2 0 0.2 dB 

GRR Gain Relative to Gain at 1 kHz Below 300Hz 0.125 dB 
300Hz to 3.0kHz ·0.15 0.15 dB 
3.3kHz ·0.5 0.15 dB 
3.4kHz -1.0 0.0 dB 
4.0kHz -10 dB 
4.6kHz and Above -30 dB 

DAR Absolute Delay at 1 kHz 100 Jis 
DDR Differential Envelope Delay 1 kHz 100 Jis 

to 2.6kHz 

DPR1 Single Frequency Distortion 1 = 1kHz -40 dB 
Products 

DPR2 Distortion at Maximum Signal 2.2Vrms Input to Sin x/x Filter, -40 dB 
Level f = 1kHz, RL = 10k 

NCR Total C-Message Noise at VFRO 10 dBrnCO 
GART Temperature Coefficient 01 1 kHz 0.0004 dB/oC 

Gain 

GARS Supply Voltage Coefficient 01 0.01 dBIV 
1kHz Gain 

CTXR Crosstalk, Transmit to Receive Transmit Filter Output = 2.2Vrms -60 dB 

2010 VFRO VFRI = OVrms, 1 = 0.3kHz to 3.4kHz 
g VFxO Measure VFRO 

GRRL Gaintracking Relative to GAR Output Level = +3dBmO to -45dBmO -0.1 0.1 dB 
-50 dBmO -0.15 0.15 dB 
-55 dBmO -0.25 0.25 dB 

Note 3 
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Specifications HC-5512D 

A.C. Electrical Specifications Unless otherwise specified, typical parameters @ 250 C. Min-Max parameters are 
over operating temperature range. All parameters are specified for a signal level of 
o dBmO at 1 kHz. The 0 dBmO level is assumed to be 1.54 Vrms measured at the 
output of the transmit or receive filter. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX 

RECEIVE OUTPUT POWER AMPLIFIER 

IBP 
RIP 

ROP1 
CLP 

GAp+ 
GAp-

GRpL 

SlOp 

VOSP 
PSRR5 

Input Leakage Current, PWRI 
Input Resistance, PWRI 
Output Resistance, PWRO + PWRO­
Load Capacitance, PWRO + PWRO­
Gain, PWRI to PWRO+ 
Gain, PWRI to PWRO-

Gaintracking Relative to OdBmO 
Output Level 
Signal/Distortion 

Output DC Offset, PWRO + PWRO­
Power Supply Rejection of Vee 
or VBB 

-2.5V S VIN S 2.5V 

Amplifiers Active 

RL ~ Boon Connected Between 
PWRO+ and PWRO-
Input Level = OdBmO (Note 2) 
V = 2.05Vrms, RL = soon 
V = 1.75Vrms, RL = 300n (Notes 2,3) 
V = 2.05Vrms, RL = BOOn 
V = 1.75Vrms, RL = 300n (Notes 2,3) 
PWRI Connected to GNDA 
PWRI Connected to GNDA 

0.1 
10 

-0.1 
-0.1 

-50 
45 

1 
-1 

NOTES: 1. Maximum power consumption will depend on the load impedance connected to the 
power amplifier. The specification listed assumes OdBm is delivered to soon connected 
from PWRO+ to PWRO-. 

2. The OdBmO level for the power amplifiers is load dependent. For RL = 600n to GNDA the 
OdBmO level is 1.43Vrms measured at the amplifier output. For RL = 300n the OdBmO 
level is 1.22Vrms. 

3. VFRO connected to PWRI, input signal applied to VFRI. 

3 

500 

0.1 
0.1 
-45 
-45 
50 

Typical Performance Specifications 

TRANSMIT FILTER STAGE 
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HC-5512D 

Pin Assignments 

PIN # PIN # 
16-PIN 20-PIN 

DIP LCC SYMBOL DESCRIPTION 

1 2 VFx l+ The non-inverting input to the transmit filter stage. 

2 3 VFxl- The inverting input to the transmit filter stage. 

3 4 GSx The output used for gain adjustments of the transmit filter. 

4 5 VFRO The low power receive filter output. This pin can directly drive the receive port of an 
electronic hybrid. 

5 7 PWRI The input to the receive filter differential power amplifier. 

6 8 PWRO+ The non-inverting output of the receive filter power amplifier. This output can directly 
interface conventional transformer hybrids. 

7 9 PWRO- The inverting output of the receive filter power amplifier. This output can be used with 
PWRO+ to differentially drive a transformer hybrid. 

8 10 VBB The negative power supply pin. Recommended input is -5V. 

9 12 VCC The positive power supply pin. Recommended input is 5V. 

10 13 VFRI The input pin for the receive filter stage. 

11 14 GNDD Digital ground input pin. All digital signals are referenced to this pin 

12 15 CLK Master input clock. Input frequency can be selected as 2.048MHz, 1.544MHz or 
1.536MHz. 

13 17 PDN The input pin used to power down the HC-5512D during idle periods. Logic 1 (VCC) 
input voltage causes a power down condition. An internal pull-up is provided. 

14 18 CLKO This input pin selects internal counters in accordance with the CLK input clock 
frequency: 

CLK Connecl CLKO to: 

2048kHz VCC 
1544kHz GNDD 
1536kHz VBB 

An internal pull-up is provided. 

15 19 GNDA Analog ground input pin. All analog signals are referenced to this pin. Not internally 
connected to GNDD. 

16 20 VFxO The output of the transmit filter stage. 

1,6, NC No internal connection is made to these pins. 
11,16 

Die Characteristics 

Transistor Count ............................................................. 815 
Die Dimensions .................................................... 180 x 129 
Substrate Potential .......................................................... +V 
Process .............................................................. SAJI CMOS 
Thermal Constants (OCIW) /Jja /Jjc 

Ceramic DIP 75 15 
Ceramic LCC 76 19 
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HC-5512D 

Functional Description 

The HC-5512D monolithic filter contains four main sec­
tions; Transmit Filter, Receive Filter, Receive Filter Power 
Amplifier, and Frequency Divider/Select Logic (Figure 1). 
A brief description of the operation for each section is 
provided below. 

Transmit Filter 

The input stage of the transmit filter is a CMOS opera­
tional amplifier which provides an input resistance of 
greater than 10M!}, a voltage gain of greater than 3,000, 
low power consumption (less than 3mW), high power 
supply rejection, and is capable of driving a 10k!} load in 
parallel with up to 100pF. The inputs and output of the 
amplifier are accessible for added flexibility. Non-invert­
ing mode, inverting mode, or differential amplifier mode 
operation can be implemented with external resistors. It 
can also be connected to provide a gain of up to 20dB 
without degrading the overall filter performance. 

The input stage is followed by a prefilter which is a two­
pole RC active low pass filter designed to attenuate high 
frequency noise before the input signal enters the 
switched-capacitor high pass and low pass filters. 

A high pass filter is provided to reject 200Hz or lower noise 
which may exist in the signal path. The low pass portion of 
the switched-capacitor filter provides stopband attenua­
tion. 

The output stage of the transmit filter, the postfilter, is also 
a two-pole RC active low pass filter which attenuates 
clock frequency noise by at least 40dB. The output of the 
transmit filter is capable of driving a ±2.5V peak to peak 
Signal into a 10k!} load in parallel with up to 100pF. 

Receive Filter 

The input stage of the receive filter is a prefilter which is 
similar to the transmit prefilter. The prefilter attenuates 
high frequency noise that may be present on the receive 
input signal. A switched capacitor low pass filter follows 
the prefilter to provide the necessary passband flatness, 

stopband rejection and sin x/x gain correction. A post­
filter which is similar to the transmit postfilter follows the 
low pass stage. It attenuates clock frequency noise and 
provides a low output impedance capable of directly driv­
ing an electronic subscriber-line-interface circuit. 

Receive Filter Power Amplifiers 

Two power amplifiers are also provided to interface to 
transformer coupled line circuits in PCM applications. 
These two amplifiers are driven by the output of the 
receive postfilter through gain setting resistors, R3 and R4 
(Figure 4). The power amplifiers can be deactivated, 
when not required, by connecting the power amplifier 
input (pin 5) to the negative power supply VBB. This 
reduces the total filter power consumption by ap­
proximately 10mW-20mW depending on output signal 
amplitude. 

Power Down Control 

A power down mode is also provided. A logic 1 power 
down command applied on the PDN pin (pin 13) will re­
duce the total filter power consumption to less than 1 mW. 
If the PWRI pin (pin 5) is connected to VBB, the power 
amplifier output will enter a high impedance (three-state) 
mode. Otherwise, the power amplifier output will be 
clamped to VBB. 

Frequency Divider and Select Logic Circuit 

This circuit divides the external clock frequency down to 
the switching frequency of the low pass and high pass 
switched capacitor filters. The divider also contains a 
TTL-CMOS interface circuit which converts the external 
TTL clock level to the CMOS logic level required for the 
divider logic. This interface circuit can also be directly 
driven by CMOS logic. A frequency select circuit is pro­
vided to allow the filter to operate with 2.048MHz, 
1.544MHz or 1.536MHz clock frequencies. By connecting 
the frequency select pin CLKO (pin 14) to VCC, a 
2.048MHz clock input frequency is selected. Digital 
ground selects 1.544MHz and VBB selects 1.536MHz. 
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HC-5512D 

Interface Circuit 

R2 R1 
INTERFACE CIRCUIT 

.... - - - - - - - - - - -, _ GNDA 
I TRANSFORMERS I - 3 
I 600 11 .--_.....L=---G"'&S':.---""'" 
, VF.O 

1 
I 
I , 

1 
1 , 
I 

-=-1 HC-5S12/HC-SS12A1HC-SS12D· , , , r-ir---+'.:..,7 tl PWRO- PDN 

I , 
1 1 L ___________ J 4 

0.1J.1F 
16 

VFx 

~ -=-GNDA CODEC 
13 

PDN 

Note t. Transmit voltage gain = Rt;2 R2 • Vi (The filter itself introduces a 3dB gain) (Rt + R2 ?: 10k). 

Note 2. Receive gain -R R4 
3 + R4 

(R3 + R4?: 10k) 

Ox 
PCM 
OUT 

PCM 
IN 

Note 3. In the configuration shown, the receive filter power amplifiers will drive a600!} T to R termination to a signal level of8.5dBm. 
An alternative arrangement, using a transformer winding ratio equivalent to 1.414:1 and 300!} resistor, RS, will provide a 
maximum signal level of 10.1dBm across a 600!} termination impedance. 

·Note 4. The HC-5512D may be used in some PCM telephone applications, it does meet most CCITT and 03/04 specifications for 
PCM telephone transmission systems. 

FIGURE 4. 

Interface Circuit for HC-55564 CVSD 

AUDIO SOURCE 

4 
AGC VFx l+ PWRO+ 

5 14 
AUDIN DOUT (TO DATA I/FI 

3 
AUDOUT DIN 

12 
(FROM DATA I/F) 

~ FZ 13 

III 
II } EXTERNAL III 

APT '? CONTROL u 10 
VDO J: EID 

INPUT VFxl- VFXO 
lEVEL ADJUST 

CA GSx VFRI 

.~ 
4 C 

RS 5 
VFRO ~ 

III 
PWRI 0 

J: 

ClKO 
+5V VCC PDN .1/1 

-5V VSS GNDD 
11 8 2 

*RA. RB and CA optional •• RD 100Kn to lMi2 

ClK. GEN. 

FIGURE S. 
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HC-5512D 

Applications Information 

Gain Adjust 

Figure 4 shows the signal path interconnections between 
the HC-5512D and a single channel CODEC. The 
transmit RC coupling components have been chosen 
both for minimum passband droop and to present the cor­
rect impedance to the CODEC during sampling. 

Figure 5 shows the signal path interconnections between 
the HC-5512D and the HC-55564 CVSD. For the circuit 
shown, the audio signal into the CVSD should be 1Vp-p 
over the 3.2kHz band to obtain a flat response. RA, RS and 
CA form a simple lead/lag filter at the output of the 
HC-5512D receive filter which introduces a pole and a 
zero at 3.3kHz to help compensate against the filters' 
inherent sin x/x characteristic. (See Figure 3). Note that 
the transmit side of the filter provides an inherent +3dS 
voltage gain, and the resistor RD, atVFRI causes a voltage 
loss from audio out to VFRI, owing to the 100kD. output 
impedance of the CVSD at audio out. Generally, the 
higher the RD value used, the more thermal noise intro­
duced to the circuit. 

Optimum noise and distortion performance will be ob­
tained for the HC-5512D filter when operated with system 

peak overload voltages of ±2.5V to ±3.2 at VFxO and 
VFRO. When interfacing to a PCM CODEC or CVSD with a 
peak overload voltage outside this range, further gain or 
attenuation may be required. 

For example, the HC-5512/12A/12D filter can be used 
with the CODEC which has a 5.5V peak 
overload voltage, or with the HC-55564 CVSD which has a 
4.0V peak overload voltage. A gain stage following the 
transmit filter output and an attenuation stage following 
the CODEC or CVSD output are required in this case. 

Board Layout 

Care must be taken in PCB layout to minimize power 
supply and ground noise. Analog ground of each filter 
and each CVSD should be connected to digital ground at 
a single point, which should be bypassed to both power 
supplies. Further power supply decoupling adjacent to 
each filter and CODEC, and each filter and CVSD is re­
commended. Ground loops should be avoided between 
GNDA and GNDD, between the GNDA traces of adjacent 
filters and CODECs, and between the analog ground 
traces of adjacent filters and CVSDs. 
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Features 

• ALL DIGITAL 

• REQUIRES FEWER EXTERNAL PARTS 

• LOW POWER DRAIN: 1.5mW FROM SINGLE 3.0-7.0V 
SUPPLY 

• TIME CONSTANTS DETERMINED BY CLOCK FRE­
QUENCY; NO CALIBRATION OR DRIFT PROBLEMS; 
AUTOMATIC OFFSET ADJUSTMENT 

• FILTER RESET BY DIGITAL CONTROL 

• AUTOMATIC OVERLOAD RECOVERY 

• AUTOMATIC "QUIET" PATTERN GENERATION 

Applications 

• VOICE DECODER FOR DIGITAL SYSTEMS AND SPEECH 
SYNTHESES 

• VOICE MAIN 
• AUDIO MANIPULATIONS; DELAY LINES, ECHO 

GENERATION/SUPPRESSION, SPECIAL EFFECTS, ETC. 

• PAGERS/SATELLITES 

Pinout 
HC-55536 (CERAMIC DIP) 

TOP VIEW 

VDD NC 

NC ~ 

AOUT DIGITAL INPUT 

NC NC 

NC NC 

NC CLOCK 

NC DIGITAL GNO 

HC·55536 
Continuous Variable 

Slope Delta Demodulator (CVSD) 

Description 

The HC-55536 is a CMOS integrated circuit used to convert 
serial N RZ digital data to an analog (voice) signal. Conversion 
is by delta demodulation, using the Continuously Variable 
Slope (CVSD) method of demodulation. 

While signals are compatible with other CVSD circuits, the 
internal design is unique. The analog loop filters have been 
replaced by digital filters which use very low power and 
require no external timing components. This digital approach 
allows inclusion of many desirable features, which otherwise 
would be difficult to inplement. The device is usable from 9 K 
bits/sec. to above 64K bits/sec.,and may be easily configured 
with the HC-55564 CVSD for a complete transmit/receive 
voice channel. 

The HC-55536 is available in a 14 pin ceramic DIP package. 

Functional Diagram 

...lliL 
E!!.!ill 
ZERO 

AOUT 
(3) 

6 CLOCK 
(9) & Vou 

(1) 
6 DIGITAL 

GNO 
(BI 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow standard )C Handling Procedures. 
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Specifications HC-55536 

Absolute Maximum Ratings 
Voltage at Any Pin .............•.....• GNO -O.3V to Voo +O.3V 
Maximum VOO Voltage ..............................•.. + 7.0V 
Minimum VOO Voltage ................................. +3.0V 
Operating VOO Range ......................... +3.0Vto+7.0V 
Junction Temperature ................................. 1750C 

Operating Temperature Ranges 
HC-55536-5 .......•........................ OOC to + 750C 
HC-55536-9 ............................. -4OOC to +850C 

Storage Temperature Range ................. -650C to +1500C 

Electrical Specifications Unless Otherwise Specified: VOO = +5.0V; Bit Range = 16K Bits/sec; typical parameters are at 
+250C. Min-Max parameters are over operating temperature. 

PARAMETER MIN 

Clock Sampling Rate 9 

Clock Duty Cycle 30 

Supply Voltage +3.0 

Supply Current 

Logic '"I'" Input, VIH 3.5 

Logic "0'" Input , VIL 

Audio Output Voltage 

Audio 0 utput Impedance 

Syllabic Filter Time Constant 

L.P. Signal estimate Filter Time Conatant 

Step Size Ratio 

Resolution 

Minimum Step Size 

Signal/Noise Ratio 25 
Quieting Pattern Amplitude 

Clamping Threshold 

NOTES: 

1. There is one NRZ data bit per clock period. Clock must be 
phased with digital data such that a positive clock transition 
occurs in the middle of each received data bit. Clock may be 
run at greater than 64Kbps or less than 9Kbps. 

2. Logic inputs are CMOS compatible at supply voltage and are 
diode protected. Digital data input is N RZ at clock rate 
and changes with negative clock transitions. 

3. This output includes a DC bias of VOO/2; therefore, an AC 
coupling capacitor is required unless the output filter also 
includes this bias. 

4. Presents approximately 150Kn in series with recovered 
audio voltage. Zero-signal reference is Voo/2. 

5. Note that filter time cinstants are inversely proportional 
to clock rate. 80th filters approximate single pole responses. 

TYP MAX UNIT NOTE 

16 64 Kbps (1) 

70 % 

+7.0 V 

0.3 1.5 mA 

4.5 V (2) 

1.5 V (2) 

0.5 1.2 Vrms (3) 

150 kn (4) 

4.0 ms (5) 

1.0 ms (5) 

24 dB (6) 

0.1 % (7) 

0.2 % (8) 

dB 

10 mVp_p (9) 

0.75 F. S. (11) 

6. Step size compression ratio of the syllabic filter is defined as 
the ratio of the filter output, with an equal 1-0 bit density 
input to the filter, to its minimum output. 

7. Minimum quantization voltage level expressed as a percentage 
of supply voltage. 

8. The minimum step size between levels Is twice the resolution. 

9. The"quieting" pattern or idle-channel audio output steps at 
Ya the bit rate, changing state on negative clock transitions. 

10.The recovered signal will be clamped, and the computation 
will be inhibited, when the recovered singal reaches three­
quarters of full-scale value, and will unclamp when it falls 
below this value (positive or negative). 
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FIG. 1. Illustrates the frequency response of the HC-55536 
for varying input levels. To prevent slope overload (slew 
rate limiting) do not exceed the OdB boundary. The fre" 
quency response is directly proportional to the sampling 
rate. The output levels were measured after filtering. 

SIGNAL lEVEL 
OUTPUT DB 

-OOB 

-ODB 

-1208 

-180B 

-24OB 

-30oB 

-3608 

100 

I 
oDB IN = 1.20V RMS 

-ODS IN 
Voo =+5V 

-608 IN ~ 
~ 

'" -120B IN 

-18DB IN '" ...,. ~ -2408 IN 

-3OOB IN 

-360B IN 

200 300 500 BOO 1000 2000 3000 

SAMPLING RATE (Kb/s) 
FREQUENCY" 16 Ka/s 

FIGURE 1 - TRANSFER FUNCTION FOR CVSD AT 16Kbps 

Die Characteristics 

Transistor Count . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1790 

Die Dimensions. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 154 x 93 

Substrate Potential ................................ +V 

Process .................................. SAJI CMOS 

Thermal Constants (OC/W) Sja Sjc 

Ceramic DIP, HC-55536 75 15 
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HC-55536 

Pin Description 

PIN NO. 

14-LEADDIP SYMBOL DESCRIPTION 

1 VDD Positive supply voltage. 

2 N.C. No internal connection is made to this pin. 

3 Audio Out Recovered audio out. Presents approximately 150Kil source 

with DC offset of VDD/2 should be externally AC couples. 

4 N.C. No internal connection is made to this pin. 

5 N.C. No internal connection is made to this pin. 

6,7 N.C. No internal connection is made to these pins. 

8 Digital GND. Logie Ground. 

9 Clock Sampling rote clock must be synchronized with the digital input 

data such that the data is valid at the positive clock transition. 

10 N.C. No internal connection is made to this pin. 

11 N.C. No internal connection is made to this pin. 

12 Digitalin Input for the received serial NRZ digital data. 

13 FZ Active low logic input. Activating this input resets the internal logic 

and forces the recovered audio output into the "quieting" condition. 

14 N.C. No internal connection is made to this pin. 

NOTE: No active input should be left in a "floating condition". 

Timing Waveforms 

SAMPLING CLOCK: 

DIGITAL IN: 

_I­
II 

IDS 

II 
II 
II 
11 
II 
II 

" II 
~I H 0 

" II 
II 
II 

IDS: DATA SET UP TIME lOOns TYPICAL 

FIGURE 2 - CVSD TIMING DIAGRAM 
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Features 
• All Digital 
• Requires Few External Parts 

• Low Power Drain: 1.5mW Typical From Single 
3.0V-7V Supply 

• Time Constants Determined by Clock Frequency; 
No Calibration or Drift Problems; Automatic 
Offset Adjustment 

• Half Duplex Operation Under Digital Control 

• Filter Reset Under Digital Control 
• Automatic Overload Recovery 

• Automatic "Quiet" Pattern Generation 

• AGC Control Signal Available 

Applications 
• Voice Transmission Over Data Channels (Modems) 

• Voice/Data Multiplexing (Pair Gain) 

• Voice Encryption/Scrambling 

• Voicemail 
• Audio Manipulations: Delay Lines, Time Compression, 

Echo Generation/Suppression, Special Effects, Etc. 

• Pagers/Satellites 

• Data Aquisition Systems 
• Voice I/O For Digital Systems and Speech Synthesis 

Requiring Small Size, Low Weight, and Ease of 
Reprogrammability 

HC-55564 
Continuously Variable 

Slope Delta-modulator (CVSD) 

Description 

The HC-55564 is a half duplex modulator/demodulator 
CMOS integrated circuit used to convert voice signals 
into serial NRZ digital data and to reconvert that data into 
voice. The conversion is by delta-modulation, using the 
Continuously Variable Slope (CVSD) method of modula­
tion/de-modulation. 

While the signals are compatible with other CVSD 
circuits, the internal design is unique. The analog loop 
filters have been replaced by very low power digital filters 
which require no external timing components. This 
approach allows inclusion of many desirable features 
which would be difficult to implement using other 
approaches. 

The fundamental advantages of delta-modulation, along 
with its simplicity and serial data format, provide an effi­
cient (low data rate/low memory requirements) method 
for voice digitization. The device may be easily configured 
with the HC-5512/12A/12D PCM/CVSD filter. 

The HC-55564 is usable from 9K bits/sec to above 
64Kbps. The unit is available in a 14 pin Ceramic DIP, in 
commercial OOC to +750 C and industrial -400 C to 
+850 C, temperature ranges, including the Harris High Rei 
Dash 7 program and MI L-STD-883. Application Notes 
607 and 576 are available. 

Pinout Functional Diagram 
HC-55564 
TOP VIEW 

VDD 
ANALOG GNO 

AOUT 

AGC 

AIN 

NC 

NC 

DIG OUT 

FZ 
DIG IN 

APT 
ENC/DEC 

CLOCK 

DIGITAL GND 

(I) 
VDD 

+3 It 7V 
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Pin Assignments 

PIN # 
14-PIN 

DIP SYMBOL 

1 VDD 

2 Analog Gnd 

3 AOUT 

4 AGC 

5 AIN 

6,7 NC 

8 Digital Gnd 

9 Clock 

10 EriC'Od'81 
Decode 

11 APT 

12 Digitalin 

13 FZ 

14 Digital Out 

HC-55564 

DESCRIPTION 

Positive supply voltage. Voltage range is +3.0V to +7.0V. 

Analog Ground connection to D/A ladders and comparator. 

Audio Out recovered from 10 bit DAC. May be used as side tone at the transmitter. 
Presents approximately 150 kilohm source with DC offset of VDD/2. Within ±2dB of 
Audio Input. Should be externally AC coupled. 

Automatic Gain Control output. A logic low level will appear at this output when the 
recovered signal excursion reaches one-half of full scale value. In each half cycle full 
scale is VDD/2. The mark-space ratio is proportional to the average signal level. 

Audio Input to comparator. Should be externally AC coupled. Presents 
approximately 280 kilohms in series with VDD/2. 

No internal connection is made to these pins. 

Logic ground. OV reference for all logic inputs and outputs 

Sampling rate clock. In the decode mode, must be synchronized with the digital input 
data such that the data is valid at the positive clock transition. In the encode mode, 
the digital data is clocked out on the negative going clock transition. The clock rate 
equals the data rate. 

A single CVSD can provide half-duplex operation. The encode or decode function is 
selected by the logic level applied to this input. A low level selects the encode mode, a 
high level the decode mode. 

Alternate Plain Text input. Activating this input causes a digital quieting pattern to be 
transmitted, however; internally the CVSD is still functional and a signal is still 
available at the AOUT port. Active low. 

Input for the received digital NRZ data. 

Force Zero input. Activating this input resets the internal logic and forces the digital 
output and the recovered audio output into the "quieting" condition. An alternating 
1-0 pattern appears at the digital output at V,theclock rate. When this is decoded by a 
receive CVSD, a 10mVp-p inaudible signal appears at audio output. Active low. 

Output for transmitted digital NRZ data. 

NOTE: No active input should be left in a "floating condition." 
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Specifications HC-55564 

Absolute Maximum Ratings 
Voltage at Any Pin .................... GNO -O.3V to Voo +O.3V Operating Temperature Ranges 
Maximum VOO Voltage ................................. +7.0V HC-55564-5, -7 ............................. OOC to + 750C 
Minimum VOO Voltage ................................. +3.0V HC-55564-9 ............................. -400C to +850C 
Operating VOO Range ......................... +3.0Vto +7.0V HC-55564-2 ............................ -550C to + 1250C 
Junction Temperature ................................. 1750C Storage Temperature. . . . . . . . . . . . . . . . . . . . . . .. -650C to + 1500C 

Electrical Specifications Unless Otherwise Specified, typical parameters are at +250 C, min-max are over 
operating temperature ranges, VDD = +5.0V, Sampling Rate = 16Kbps, AG = DG =OV, 
AIN = 1.2Vrms. 

SYMBOL PARAMETER 

ClK Sampling Rate 

100 Supply Current 

logic '1' Input 

Vil logic '0' Input 

logic '1' Output 

VOL logic '0' Output 

Clock Duty Cycle 

AIN 

AOUT 

liN 

lOUT 

AE-D 

Audio Input Voltage 

Audio Output Voltage 

Audio Input Impedance 

Audio Output Impedance 

Transfer Gain 

AE Encode Gain 

AD Decode Gain 

tSF Syllabic Filter 
Time Constant 

Signal Estimate Filter 
Time Constant 

Resolution 

Minimum Step Size 

Quieting Pattern 
Amplitude 

AGC Threshold 

Clamping Threshold 

MIN TYPICAL 

9 16 

0.3 

3.5 

4.0 

30 

0.5 

0.5 

280 

150 

-2.0 

.34 

1.23 

4.0 

1.0 

0.1 

0.2 

10 

0.5 

0.75 
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MAX UNITS CONDITIONS 

64 Kbps Note 1 

1.5 mA 

V Note 2 

1.5 V Note 2 

V Note 3 

0.4 V Note 3 

70 % 

1.2 Vrms AC coupled. Note 4 

1.2 Vrms AC coupled. Note 5 

kfl Note 6 

kfl Note 6 

+2.0 dB No load. Audio In to 
Audio Out. 

dB 

dB 

mS Note 7 

mS Note 7 

% Note 8 

% Note 9 

mVp-p Fl = OV or APT = OV, or 
AIN = OV. Note 10, 13 

F.S. Note 11 

F.S. Note 12 
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HC-55564 

NOTES: 

1. There is one NRZ (Non-Return Zero) data bit per clock period. Data is 
clocked out on the negative clock edge. Data is clocked into the CVSD 
on the positive going edge (see Figure 2). Clock may be run at less than 
9Kbps and greater than 64Kbps. 

2. Logic inputs are CMOS compatible at supply voltage and are diode 
protected. Digital data input is NAZ at clock rate. 

3. Logic outputs are CMOS compatible at supply voltage and will with­
stand short-circuits to VDD or ground. Digital data output is NRZ and 
changes with negative clock transitions. Each output will drive one 
LS TTL load. 

4, Recommended voice input range for best voice performance. Should 
be externally AC coupled. 

5. May be used for side-tone in encode mode. Should be externally AC 
coupled. Varies with aduio input level by ±dB. 

6. Presents series impedance with audio signal. Zero signal reference is 
approximatey VDO/2. 

Timing Waveforms 

SAMPLING CLOCK: 

7. Note that filter time constants are inversely proportional to clock rate. 
Both filters approximate single pole responses. 

8. Minimum quantization voltage level expressed as a percentage of 
supply voltage. 

9. The minimum step size between levels is twice the resolution. 

10. The "quieting" pattern or idle-channel audio output steps at one-half 
the bit rate, changing state on negative clock transitions. 

11. A logic "0" will appear altheAGC output pin when the recovered signal 
reaches one-half of full-scale value (positive or negative). i.e. at VOO/2 
±25% of VDO. 

12. The recovered signal will be clamped. and the computation will be 
inhibited, when the recovered signal reaches three-quarters of ful/­
scale value, and will unclamp when it falls below this value (positive or 
negative). 

13. Typical encoding threshold for quieting pattern generation is 
6.5mVrms at 1 kHz input signal. 16kHz clock. The threshold varies 
inversly with input frequency and proportionally with clock frequency. 

r-+-------~----------------------------------------~u 
FZlAPT: II 

It 
II 

LI DEC/ENC 
tl 
II 

II '~----------------------------------~II 
I It 

~I DIGITAL NRZ IN: I: I: 0 

II II 
II It 

~II~ II 
II II 

DIGITAL NRZ OUT: 'OS 

'OS: DATA SET UP TIME. lOOns TYPICAL 

FIGURE 2. CVSD TIMING DIAGRAM 

Die Characteristics 

Transistor Count ........................................................... 1896 
Die Dimensions ...................................................... 154 x 93 
Substrate Potential .......................................................... +V 
Process .............................................................. SAJI CMOS 
Thermal Constants (OC/W) IIja IIjc 

Ceramic DIP 75 15 
Ceramic LCC 76 19 
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Interface Circuit for HC-55564 CVSD 

AUo/O SOURCE 

HC-5512/12A/120* HC-55564 

VFXI+ PWRO+ AUOIO OUT AGC 
INPUT VFXI-LEVEL AOJUST 0.1/1 
CA GSx VFRI 

RA. RB, CA 

~ OPTIONAL VFRO 

PWRI 

AIN 
14 

ITO DATA IIFI DOUT 

AOUT 
1£ 

IFROM DATA IIFI DIN 
13 

Fl I EXTERNAL 

1 VDD 
CONTROL 

+5V VCC 0_1/1 

8 DIGITAL 
GND 

-5V VBB GNDDj..:.:l1-------+--..:~ 
GNDA ClK -

ClK. GEN. 

'HC-5512D ALSO AVAilABLE IN 
LCC FOR TOTAL SURFACE MOUNT 
APPLICATION SOLUTION 

"RD IOOKn 10 I Ml! 

FIGURE 3. 

CVSD Hookup for Evaluation 

The circuit in Figure 3 is sufficient to evaluate the voice 
quality of the CVSD, since when encoding the feedback 
signal at the audio output pin is the reconstructed audio 
input signal. CVSD design considerations are as follows; 

1) Care should be taken in layout to maintain isolation 
between analog and digital signal paths for proper 
noise consideration. 

2) Power supply decoupling is necessary as close to the 
device as possible. A 0.1 uf should be sufficient. 

3) Ground, then power, must be present before any input 
signals are applied to the CVSD. Failure to observe this 
may cause a latchup condition which may be 
destructive. Latchup may be removed by cycling the 
power off/on. A power-up reset circuit may be used 
that strobes Force Zero (Pin 13) during power-up as 
follows: 

4) Analog (signal) ground (Pin 2) should be externally 
tied to Pin 8 and power ground. It is recommended that 
the AIN and AOUT ground returns connect only to 
Pin 2. 

5) Digital inputs and outputs are compatible with 
standard CMOS logic using the same supply voltage. 
All unused logic inputs must be tied to the appropriate 
logic level for desired operation. TTL outputs will 
require lK Ohm pull-up resistors. Pins 4 and 14 will 
each drive CMOS logic or one low power TTL input. 

6) Since the Audio Out pins are internally DC biased to 
VDD/2, AC coupling is required. In general, a value of 
0.1tJf is sufficient for AC coupling of the CVSD audio 
pins to a filter circuit. 

7) The AGC output may be externally integrated to drive 
an AGC pre-amp, or it could drive an LED indicator 
through a buffer to indicate proper speaking volume. 
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Figures 4, 5, and 6 illustrate the typical frequency 
response of the HC-55564 for varying input levels and for 
varying sampling rates. To prevent slope overload (slew 
limiting), the OdS boundry should not be exceeded. The 
frequency response is directly proportional to the 

SIGNAL LEVEL 
@AOUT 

SIGNAL LEVEL 
@AOUT 

SIGNAL LEVEL 
@AOUT 

OdB r--
-6dB 

-12dB 

IBdB 

-24dB 

-30dB 

~. 

100 

OdB 

f---6dB 
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-IBdB 

-24dB 

-30dB 

-36dB 

100 

OdB 

-6dB 

-12dB 

-18dB 

-24dB 

-30d8 

-36d8 

100 

r-. 

sampling clock rate. The flat bandwidth at OdS doubles 
for every 16kHz increase in sampling rate. The output 
levels were measured in the encode mode, without 
filtering, from AIN to AOUT, at VDD = +5V. OdS = 1.2Vrms. 
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The following typical performance distortion graphs were 
realized with the test configuration of Figure 7. The 
measurement vehicle for Total Harmonic Distortion 
(THD) was an HP-339A distortion measurement set, and 

for 2nd and 3rd harmonic distortion, an HP-3582A 
spectrum analyzer. All measurement conditions were at 
VDD = +5V, and 2nd and 3rd harmonic distortion 
measurements were C-message filtered. OdB = 1.2Vrms. 

HC-55564 

.33/1f· rv 

fUNCTION ~ 1----=-iAIN 
GENERATOR 1 VOO 

11m 
13 IT 

+5V 

.33 

AOUT 1-'----1 

oECI 10 
ENC 8 

oGMO 2 
AGNO 

/If 

I-- C·MESSAGE 
FILTER 

FIGURE 7. TEST AND MEASUREMENT CIRCUIT 
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3~ 
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Universal Active Filter 

Features 
• Industry Standard Pinout 
• Low Crosstalk ........................................................................... -SOdB 
• Low Clock Feed Through ..................................................... 2mVrms 
• Low Standby Current ..............................................•................ 500llA 
• Clock to Center Frequency Ratio Accuracy ±2% 
• Filler Cutoff Frequency Stability Directly Dependent on 

External Clock Quality 
• Separate High-pass (or Notch or All-Pass), 

Band-Pass, Low-pass Outputs 
• fo x Q Range up to 50kHz Minimum 
• Operates to fo = 20KHz Minimum 
• Specifications Guaranteed for T A from -550 C to +1250 C 

Description 
The HF-10 consists of two fully independent second order switched 
capacitor CMOS filter sections. Each second order section is a 
modified state-variable filter. In each section there are three 
operational amplifiers and an additional "summing node". The extra 
summing node is a direct benefit of the switched capacitor design 
approach. This provides increased versatility as compared to the 
classical continuous-time active filter. The transfer function of each 
section is tailored by the user's choice of feedback configuration, 
external resistor values, and external clock rate. 

The HF-' 0 topology is very useful since it produces three different, but 
related, transfer functions simultaneously. Each transfer function has 
the same pole locations but different zero locations. One of the 
outputs is either a notch, all-pass, or high-pass signal, depending on 
the feedback configuration chosen by the user; the other outputs are 
band-pass and low-pass signals. The center frequency of the complex 
pole pair, fo, is determined by the external clock frequency and the 
state of the "50/100/CL" input. This value can also be scaled by a 
function of the external resistor values depending on the feedback 
configuration. The other important filter characteristics, such as gain, 
Q, etc. are determined by functions of external resistor values. Any of 
the ciassical filter configurations (Butterworth, Bessel, Cauer/Elliptic, 
Chebyshev, etc.) can be realized. 

The second order sections can be used separately with the constraint 
that the clock input for each section be driven by signals of the same 
level (i.e., either TTL or CMOS logic levels), and that the two clock 
signals share the same digital ground. If it is desired that a fourth order 
function be realized, the two sections can be cascaded. The "L Sh" 
(level shift) input is used in conjunction with the clock inputs to allow 
compatibility with either TTL or CMOS clock levels. 

Applications 
• General Purpose Audio-Band Filtering 
• Real-Time Programming 

~ Prototyplng ~ Dynamic Reconfiguration 
• High Q Applications 
• Precision Filtering at Low Q 
• Precision Oscillators 
• Extended Temperature 
• Voice Response Systems 

~ Modems ~ Tone Generators 
• Data Acquisition Systems 
• Building Block for Precision Higher-Order 

Filters (Directly Cascadable) 

Pinout TOP VIEW 

LPA LPB 

BPA BPB 
N/AP/HPA N/AP/HPB 

INVA INVB 

SIA SIB 

SAiB AGNO 

VA+ VA-

VIJ+ Vo' 
LSh 5D/IDD/CL 

CLKA CLKB 

System Block Diagram 

The HF-'O can be powered-down by connecting the "50/100/CL" 
input to VD-. This disables the reference current generators for the Filter Block Diagram 
operational amplifiers and the clock level shifters. 

The HF-10 provides a number of advantages over other universal 
active filters: higher accuracy at frequency extremes; superior clock 
feedthrough supression; significantly lower crosstalk; better 
performance over -550 C to +1250 C; drives smaller impedance to 
higher peak output voltage; and capable of precision oscillator 
applications (phase is continuous when frequency is changed). 

The device is available in a 20 pin ceramic package with temperature 
ranges of OOC to +750 C and -550 C to +1250 C. Application Note 578 
is available. 

N/AP/HP SI 

CAUTION: These devices are sensitive to electrostatic discharge. Proper Ie handling procedures should be followed. 
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Specifications HF-1 0 

Absolute Maximum Ratings 
Supply Voltages. . . . .. . . . .. .. . . . . .. .. . .. .. .. . .. . . .. ±6.5 Volts Operating Temperature Ranges 
Power Dissipation ................................... 300rnW HF-10-2, -8 ............................. -550 C to +1250 C 
lead Temperature (Soldering, 10 Sec.) .................. 3000C HF-1D-5,-7 ................................. OOCto +75OC 
Output loading .............................. RlOAD > 3.5kO 

ClOAD <l00pF 
HF-l0-9 ................................. -400 Cto+850 C 

Storage Temperature ........................ -650 C to +1500 C 
Junction Temperature ................................. 1750 C 

Electrical Specifications (Complete Filter) ±4.5V < Vs < ±5.5V, (Note 1) Refer to Figure 1. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Frequency Range 10 XQ < 50kHz 50 20K Hz 
Clock to Center Frequency 

Ratio 
IClK/lo ~ 50 Pin 12 ~ VD+, Q ~ 10 ±2% 

10 XQ < 50kHz 
IClK/lo = 100 Pin 12 ~ AGND, Q ~ 10 ±2% 

10 XO < 50kHz 
Q Range 10 XO < 50kHz 0.5 100 
o Accuracy (0 Deviation Irom 
an Ideal Continuous Filter) 

IClK/lo = 50 Pin 12 = VD+, 0 ,:; 20 ±4% 
10 XQ < 50kHz 

IClK/lo = 100 Pin 12 ~ AGND, 0 ,:; 20 ±3% 
10 XQ < 50kHz 

10 XO Product 50K Hz 
10 Temperature Coefficient 

IClK/lo = 50 TA = 250C ±100 ppm/oC 
Pin 12 ~ VD+, 10 XQ < 50kHz 

External Clock Temperature Independent 
IClK/lo = 100 Pin 12 ~ AGND, 10 XO < 50kHz ±100 ppm/OC 

External Clock Temperature Independent 
Q Temperature Coefficient TA = 250C ±500 ppm/oC 

10 XQ < 50kz, Q Setting 
Resistors Tem peratu re Independent 

Crosstalk INVA = OdBm @ 1kHz -60 dB 
INVB = OV 

Clock Feedthrough See Figure 2 2 5 mVrms 
Clock Frequency Min @ IClK/lo = 50, Max @ IClK/lo = 100 2.5 2048 kHz 
Power Supply Current TA = 250C 13 rnA 
Standby Current Pin 12 = VA- 500 pA 

Electrical Specifications (Internal Operational Amplifiers)±4.5V < Vs < ±5.5V, (Note 1) Refer to Figure 1 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Voltage Swing (Pins 1, 2,3,18, RLOAD = 3.5KO ±3.5 V 
19,20) 

Op Amp Gain-BW Product 2.5 3.8 MHz 
Op Amp Slew Rate 5 15 V/J,S 
Power Supply Rejection DC Only 40 dB 

Ratio (PSRR) 

NOTE 1. Unless Otherwise Specified, typical parameters are at +250 C, min-max parameters are over operating temperature range. 

Die Characteristics 
Transistor Count ............................................................ .464 
Die Dimensions ...................................................... 88 x 127 
Substrate Potential .......................................................... +V 
Process .............................................................. SAJI CMOS 
Thermal Constants (OC) Ilja Iljc 

Ceramic DIP 81 24 

Ceramic LCC 76 19 
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HF-10 

Pin Assignments 

SYMBOL DESCRIPTION 

LP, BP, Low-pass, band-pass, notch or all-pass or high-pass outputs of each second order section. 
N/AP/HP (A or B) 

INV (A or B) Inverting input of the summing op amp of each filter. 

SI (A or B) Inverting summing input pin used in most filter configurations. 

SA/B Activates a switch connecting one of the inputs of the filter's second summer to either analog ground 
(SAIB low to V A-) or to the low-pass output of the circuit (SA/B high to VA +). This allows flexibility in the 
various modes of operation of the I. C. 

VA+, VO+' Analog positive supply and digital positive supply. These pins are internally connected through the I.C. 
substrate and therefore, VA + and VO+ should be derived from the same power supply source. They have 
been brought out separately so they can be bypassed by separate capacitors, if desired. They can be 
externally tied together and bypassed by a single capacitor. 

VA-, VO-' Analog and digital negative supply, respectively. The same comments as for VA +, VO+ apply here, except 
VA- and VO- are not tied together internally. 

l Sh level shift pin. Accommodates various clock levels with dual or single supply operation. With dual ±5V 
supplies, the HF-l0 can be driven with CMOS clock levels (±5V), and the "l Sh" pin should be tied either to 
the system ground or to the negative supply pin. If the same supplies as above are used and TTL clock 
levels, derived from a OV to 5V supply, are used, the "l Sh" pin should be tied to the system ground. For 
single supply operation (OV and 10V), the VO- and VA- pins should be connected to the system ground, the 
AGNO pin should be biased at 5V, and the "l Sh" pin should also be tied to the system ground. This will 
accommodate both CMOS and TTL clock levels. 

ClK (A or B) Clock inputs for each switched capacitor filter building block. Should both be of the same level (TTL or 
CMOS). The level shift (l Sh) pin description discusses how to accommodate their levels. The duty cycle 
of the clock should preferably be close to 50%, especially when clock frequencies above 200kHz are used. 
This allows the maximum time for the op amps to settle, yielding optimum filter operation. 

50/100/CL By tying this pin to VO+, a 50:1 clock to filter center frequency operation is obtained. Tying at mid-supplies 
(i.e., analog ground with dual supplies) allows the filter to operate at a 100:1 clock to center frequency 
ratio. When tied to VO-, a simple current limiting circuit is triggered to limit the overall supply current. The 
filtering action is then aborted. This pin also acts as a power up reset when pulled to VO- after power is 
applied. 

AGNO Analog ground pin. Should be connected to the system ground for dual supply operation or biased at mid-
supply for single supply operation. The Non-inverting inputs of the filter op amps are connected to the 
AGNO pin so a "clean" ground is mandatory. 

NOTE: All pins are protected against static discharge. 

*To initiate the interna( power-on reset feature of the HF-10, V+ and V- should be brought up at the same time, or V- should be brought up first. An 
alternative to power supply sequencing is to strobe Pin 12 (50/100/CL) to V- after power is applied, regardless of power supply sequencing. This will also 
initiate the power-on reset feature of the HF-l0. 

Typical Filter Configuration 

'I 
VIM >--JW.,--LJ--I 

FIGURE 1. 

.5V 
::t: 0.1"" 

AGND IO.lt1F~ 
.5V ::I: • 

LPA LPa2D R3B 
BPA BPa 19~--N1/'--, 
N/AP/HPA N/AP/HPa 18 R28 RIa 

-= __ MI4----"""-I. INVA "VB 171---....:::,..,Mf--=-
RIA 5 SIA HF·IO 81a16 

.5 
.,:ftf-

200kHz 

6 SAIB IUAFI AGND 15 

VA" VA-14 
110+ 110.13 
lSh SOIlOO/CllZ 

(>---=---110 ClKA CLKB II 

PA 

BPA 

ORN/AP/HPA 
FROM HF·1D 

lO-200kHz 

SP FILTER 
'L=180kHz 
'H= 220 kHz 

-

.5V 
.5V 

'MS 
IIOLT· 
METER 

-+ 

FIGURE 2. MEASURING CHANNEL A CLOCK FEEDTHROUGH 
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mJ~RIS 

Features 

• Single 5V Supply ........................................... 10mA Typ. 
• Mode Selectable Coding Including: 

~ AMI (T1, T1C) 

~ B8ZS (T1) 

~ B6ZS (T2) 

~ HDB3 (PCM30) 
• Norlh American and European Compalibilily 
• Simultaneous Encoding and Decoding 
• Asynchronous Operation 
• Loop Back Control 
• Transmission Error Detection 
• Alarm Indication Signal 
• Replaces CD22103, MJ1440, MJ1471 and TCM2201 

Transcoders 

Description 

The HC-5560 digital line transcoder provides encoding 
and decoding of pseudo ternary line code substitution 
schemes. Unlike other industry standard transcoders, the 
HC-5560 provides four worldwide compatible mode 
selectable code substitution schemes, including HDB3 
(High Density Bipolar 3). B6ZS, B8ZS (Bipolar with 6 or 8 
Zero Substitution), and AMI (Alternate Mark Inversion). 

The HC-5560 is fabricated in CMOS and operates from a 

Pinout 

HC-5560 
TOP VIEW 

FORCE AIS VOD 
MODE SELECT 1 

NRZ DATA IN 
ClK ENC 

MODE SELECT 2 
NRZ DATA OUT 

ClK DEC 
RESET AiS 

AIS 
VSS 

OUTPUT ENABLE 
RESET 
oun 
OUT2 
BIN 
lOOP TEST ENABLE 
AIN 
CLOCK 
ERROR 

HC-5560 
PCM Transcoder 

Applications 
• North American and European PCM Transmission 

Lines where Pseudo Ternary Line Code Substitution 
Schemes are Desired 

• Any Equipment that Interfaces T1, T1 C, T2 or PCM30 
Lines Including Multiplexers, Channel Service Units, 
(CSUs) Echo Cancellors, Digital Cross-Connects 
(DSXs), T1 Compressors, etc. 

single 5V supply. All inputs and outputs are TTL compati­
ble. The HC-5560 is available in 20 pin dual-in-line 
plastic packages over the commercial temperature 
range. OOC to +700 C. 

Application Note #573,"The HC-5560 Digital Line Trans­
coder," by D.J. Donovan is available. 

Functional Diagram 

MODE 1 0-----_--------, 
SELECT 20---~-_t------, 

NRl DATA IN 
CLOCK 

(ENCODER) 

~~!=~~ 0----' 

~1-I---oCLDCK 

t--++--_t_t---o DUT1 

+-+--+--+---~H~--ODUT2 

LOOP TEST 
ENABLE 

.,.0----' 
·'00------' 

HA2 DATA 
OUT 

CLOCK 0--------+--+-+1 ERROR 
(DECODER) 

RESETAISO-------+I 1----...... .0"8 
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HC-5560 

FuncuonalDescripuon 

The HC-5560 TRANSCODER can be divided into six sections: 
transmission (coding), reception (decoding), error detection, 
all ones detection, testing functions, and output controls. 

The transmitter codes a non-return to zero (NRZ) binary 

unipolar input signal (NRZ Data In) into two binary unipolar 
return to zero (RZ) output signals (Out 1, Out 2). These output 
signals represent the NRZ data stream modified according to 
the selected encoding scheme (i.e., AMI, BaZS, B6ZS, H DB3) 
and are externally mixed together (usually via a transistor or 
transformer network) to create a temary bipolar signal for driving 
transmission lines. 

The receiver accepts as its input the ternary data from the 
transmission line that has been externally split into two binary 
unipolar return to zero signals (Ain and Bin). These signals are 
decoded, according to the rules of the selected line code into 
one binary unipolar NRZ output signal (NRZ Data Out). 

The encoder and decoder sections of the chip perform 
independently (excluding loopback condition) and may 
operate simultaneously. 

The Error output signal is active high for one cycle of ClK DEC 
upon the detection of any bipolar violation in the received Ain 
and Bin signals that is not part of the selected line coding 
scheme. The bipolar violation is not removed, however, and 

shows up as a pulse in the NRZ Data Out signal. In addition, 
the Error output signal monitors the received Ain and Bin 
signals for a string of zeros that violates the maximum con­
secutive zeros allowed for the selected line coding scheme 

(i.e., 15 for AMI, a for BaZS, 6 for B6ZS, and 4 for HDB3). In 
the event that an excessive amount of zeros is detected, the 
Error output signal will be active high for one cycle of ClK 
DEC during the zero that exceeds the maximum number. In 
the case that a high level should simultaneously appear on 
both received input signals Ain and Bin a logical one is 
assumed and appears on the NRZ Data Out stream with the 
Error output active. 

An input signal received at inputs Ain and Bin that consists of 
all ones (or marks) is detected and signaled by a high level at 
the Alarm Indication Signal (AIS) output. This is also known as 
Blue Code. The AIS output is setto a high level when less than 
three zeros are received during one period of Reset AIS 
immediately followed by another period of Reset AIS containing 
less than three zeros. The AIS output is reset to a low level 
upon the first period of Reset AIS containing 3 or more 

zeros. 

A logic high level on lTE enables a loopback condition where 
Out 1 is internally connected to Ain and Out 2 is internally con­

nected to Bin (this disables inputs Ain and Bin to external 
signals). In this condition, NRZ Data In appears at NRZ Data 
Out (delayed by the amount of clock cycles it takes to encode 
and decode the selected line code). A decode clock must be 
supplied for this operation. 

The output controls are Output Enable and Force AIS. These 
pins allow normal operation, force Out 1 and Out 2 to zero, 
or force Out 1 and Out 2 to output all ones (AIS condition). 
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Pin Assignments 

PIN 
NO. FUNCTION 

Force AIS 

2,5 Mode Select 1 , 
Mode Select 2 

HC-5560 

DESCRIPTION 

Pin 19 must be at logic '0' to enable this pin. A logic '1 ' on this pin forces Out 1 and Out 2 to all 

ones. A logic '0' on this pin allows normal operation. 

MS1 MS2 functions as 
0 0 AMI 
0 1 B8ZS 
1 0 B6ZS 
1 1 HDB3 

3 NRZ Data In Input data to be encoded into ternary form. The data is clocked by the negative going edge 
of ClK ENC. 

4 ClK ENC Clock encoder, clock for encoding data at NRZ Data In. 

6 NRZ Data Out Decoded data from ternary inputs Ain and Bin. 

7 ClK DEC Clock decoder, clock for decoding ternary data on inputs Ain and Bin. 

8,9 Reset AIS, AIS logic '0' on Reset AIS resets a decoded zero counter and either resets AIS output to zero 

10 VSS 

11 Error 

12 Clock 

13,15 

14 lTE 

provided 3 or more zeros have been decoded in the preceding Reset AIS period O'r sets AIS 
to '1' if less than 3 zeros have been decoded in the preceding two Reset AIS periods. A 
period of Reset AIS is defined from the bitfollowing the bit during which Reset AIS makes a 
high to low transition to the bit during which Reset AIS makes the next high to low 
transition. 

Ground reference. 

A logic '1' indicates that a violation of the line coding scheme has been decoded. 

"OR" function of Ain and Bin for clock regeneration when pin 14 is at logic '1', "OR" function 

of Out 1 and Out 2 when pin 14 is at logic '0'. 

Inputs representing the recieved PCM signal. Ain='1' represents a positive going '1' and 
Bin='1' represents a negative going '1'. Ain and Bin are sampled by the positive going edge 
of ClK DEC. Ain and Bin may be interchanged. 

loop Test Enable, this pin selects between normal and loop back operation. A logic '0' 
selects normal operation where encode and decode are independent and asynchronous. A 
logic '1' selects a loop back condition where Out 1 is internally connected to Ain and Out 2 is 

internally connected to Bin. A decode clock must be supplied. 

16,17 Out 1, Out 2 Outputs representing the ternary encoded NRZ Data In signal for line transmission. Out 1 and 
Out 2 are in return to zero form and are clocked out on the positive going edge of ClK ENe. 
The length of Out 1 and Out 2 is set by the length of the positive clock pulse. 

18 Reset A logic '0' on this pin resets all internal registers to zero. A logic '1' allows normal operation 
of all internal registers. 

19 Output Enable A logic '1' on this pin forces outputs Out 1 and Out 2 to zero. A logic '0' allows normal 
operation. 

20 VDD Power to chip. 
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Specifications HC-5560 

Static Electrical Specifications Unless Otherwise Specified. Typical parameters at +250 C. 
Min-Max parameters are over operating temperature range. VOO = +5V. 

SPECIFICATION SYMBOL MIN TYP MAX UNITS 

Quiescent Device Current IDD 100 uA 

Operating Device Current 10 mA 

Out 1. Out 2 Low (Sink) Current 10Lt 3.2 mA 

(VOL = O.4V) 

All Other Outputs Low (Sink) Current IOl2 2 mA 
(VOL = 0.8V) 

All outputs High (Source) Current 10H 2 mA 
(VOH = 4.0V) 

Input Low Current III 10 uA 

Input Hig~ Current IIH 10 uA 

Input Low Voltage Vil 0.8 V 

Input High Voltage VIH 2.4 V 

Input Capacitance CIN 8 pF 

Dynamic Electrical Specifications Unless otherwise Specified. Typical parameters at +250 C. 
Min-Max parameters are over operating temperature range. VOO = +5V. 

SPECIFICATION SYMBOL MIN TYP MAX UNITS FIG. 

ClK ENC. elK DEC Input Frequency fel 8.5 MHz 

ClK ENC, ClK DEC Rise Time (1.544 MHz) trcl 10 60 ns 1,2 
Fall Time tfel 10 60 ns 1,2 
Rise Time (2.048 MHz) trcl 10 40 ns 1.2 
Fall Time tfcl 10 40 ns 1,2 
Rise Time (6.3212 MHz) trcl 10 30 ns 1.2 
Fall Time tfcl 10 30 ns 1.2 
Rise Time (8.448 MHz) trcl 5 10 ns 1,2 
Fall Time tfel 5 10 ns 1,2 

NRZ-Data In to elK ENe Data Setup Time ts 20 ns 1 
Data Hold Time tH 20 ns 1 

AIN, BIN to ClK DEC Data Setup Time ts 55 ns 2 
Data Hold Time tH 5 ns 2 

ClK ENC to Out 1. Out 2 tDD 23 80 ns 1 

Out 1. Out 2 Pulse Width (ClK ENC Duty Cycle = 50%) 

fel = 1.544 MHz tw 324 ns 1 
fel = 2.048 MHz tw 224 ns 1 
fel = 6.3212 MHz tw 79 ns 1 
fel = 8.448 MHz tw 58 ns 1 

ClK DEC to NRZ-Data Out. tDD 25 54 ns 2 

--- -----

Setup Time ClK DEC to Reset AIS ts2 35 ns 3 
---,--

Hold Time of Reset AIS = '0' th2 20 ns 3 

-"----

Setup Time Reset AIS = '1' to ClK DEC ts2 0 ns 3 

-----

Reset AIS to AIS output tpd5 42 ns 3 

CLK DEC to Error output tpd4 62 ns 3 
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HC-5560 

Line Code Descriptions 

AMI, Alternate Mark Inversion, is used primarily in North 
American T1 (1.544 MHz) and T1 C (3.152 MHz) carriers. 
Zeros are coded as the absence of a pulse and one's are 
coded alternately as positive or negative pulses. This type of 
coding reduces the average voltage level to zero to eliminate 

DC spectral components, thereby eliminating DC wander. To 
simplify timing recovery, logic 1 's are encoded with 50% duty 
cycle pulses. 

e.g. 

PCM Code 0 0 0 1 0 1 1 1 0 1 0 0 00 01 

AMI Code 

To facilitate timing maintenance at regenerative repeaters 
along a transmission path, a minimum pulse density of logic 
1 's is required. Using AMI, there is a possibility of long 
strings of zeros and the required density may not always 
exist, leading to timing jitter and therefore higher error 
rates. 

A method for insuring minimum logic 1 density by substituting 
bipolar code in place of strings of O's is called BNZS or 
Bipolarwith N Zero Substitution. B6ZS is used commonly in 
North American T2 (6.3212MHz) carriers. For every string of 
6 zeros, bipolar code is substituted according to the following 
rule; 

e.g. 

If the immediate preceding pulse is of (-) polarity, 
then code each group of 6 zeros as 0 -+ 0+-, and if 
the immediate preceding pulse is of(+) polarity, code 
each group of 6 zeros as O+- 0-+. One can see the 
consecutive logic 1 pulses of the same polarity violate 
the AMI coding scheme. 

PCM Code 
r--- 6 ---, 

000101110000001 

B6ZS (-) 

B6ZS (+) 

0-+0+-

v 
0+-0-+ 

v 
v = Violation 

B8ZS is used commonly in North American T1 (1.544 MHz) 
and T1 C (3.152 MHz) carriers. For every string of 8 zeros, 
bipolar code is substituted according to the following 
rules; 

1. If the immediate preceding pulse is of (-) polarity, then 
code each group of 8 zeros as 000-+ 0+-. 

2. If the immediate preceding pulse is of (+) polarity then 
code each group of 8 zeros as 000+- O-+' 

e.g. 

PCM Code 

B8ZS (-) 

B8ZS (+) 

,--8~ 
0100000000110 

000-+0+­

V 
,-----, 

000+-0-+ 

V = Violation 

The BNZS coding schemes, in addition to eliminating DC 
wander, minimize timing jitter and allow a line error moni­
toring capability. 

Another coding scheme is H DB3, high density bipolar 3 used 
primarily in Europe for 2.048 MHz and 8.448 MHz carriers. 
This code is similar to BNZS in that it substitutes bipolar code 
for 4 consecutive zeros according to the following rule; 

1. If the polarity of the immediate preceding pulse is (-) and 
there have been an odd (even) number of logic 1 pulses 
since the last substitution, each group of 4 consecutive 
zeros is coded as 000-(+00+). \ 

2. Ifthe polarity ofthe immediate preceding pulse is (+) then 
the substitution is 000+(-00-) for odd (even) number of 
logic 1 pulses since the last substitution. 

e.g. 

r-4~ r--4~ 
PCM Code 0 0 0 0 1 0 1 1 1 0 0 0 0 0 0 

000 + 0 0+ 

HDB3 (-) 

HDB3 (+) 

V = Violation 

The 3 in HDB3 refers to the coding format that precludes 
strings of zeros greater than 3. Note that violations are 
produced only in the fourth bit location of the substitution 
code and that successive substitutions produce alternate 
polarity violations. 
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Application Diagram 

FROM CODEC OR 
TRANSCODER 

ENCODER CLOCK 

HC-5560 

VDD 
NRZ Data In OUT 1 

ENCODER 

ClK ENC OUT2 

PCM 30 ~l'T2'T1C' 
II LINE OUTPUT 

FORCE AIS 

LTE CONTROL 

MS 1 } MODE SELECT 
MS 2 t-----<~J LOGIC INPUTS 

CLOCK t--"'-(J CLOCK RECOVERY RESET 

OUTPUT 
ENABLE 

RESET AIS t--....... HJ ALARM CLOCK 

} AISt--"'-(J 

ERROR t--.... -u 

LIN~II 
INP~ 

~---t AIN NRZ Data 
DECODER Outt---.~O 

HC·5560 

Die Characteristics 

Transistor Count .... . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4322 

Die Dimensions ............................. 119 x 133 

Substrate Potential ................................ +v 
Process. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. SAJI CMOS 

Thermal Constants (OC/W) Sja Sjc 

Plastic DIP, HC-5560 67 25 
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HC-5560 

Timing Waveforms 

llr~_trcl __ ~1~~~ __ ~ 
ClK ENC J 

___ -I ts t:: ~ _______________ jtH\--

,I 1.. L 
NRZ Data In I \ 

1...-

---<lIDO 11--___ ---, 

Out1. Dut2 ---------'Lws 
FIGURE 1. TRANSMITTER (CODER) TIMING WAVEFORMS 

1titfCl l"~~ 
ClK DEC 1 1, ----1 t 

~'ts ~ '----~ tH r-
AIN. BIN _...J....{--J) I ~j n H_ 

l 

CLOCK -----11 I \~f L 
j ir= too 

NRZ Data Out _____ .....Jf t'--__ 
FIGURE 2. RECEIVER (DECODER) TIMING WAVEFORMS 

ClK DEC ------' 

RESET AIS 

AIS OUTPUT 

\ r-
J~~l~1 -­
tS~d1 

I i~_ 
rd~ 

ERROR OUTPUT ___ ..JX============== 
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HC-5560 

ClK DEC 

ResetAIS U~---------'Ur----------'Ur----------'Ur----------'Ur----------~L 

NRZ Date Out 

AIS 

FIGURE4. 

Two consecutive periods of Reset AIS, each containing less than three zeros, sets AIS to a logic '1' and 
remains in a logic '1' state until a period of Reset AIS contains three or more zeros. 

ClK DEC 

ResetAIS lU~---------'U'---------'U'---------'U'---------'Ur----------'L­

NRZ Data Out 

AIS 

FIGURE5. 

Zeros which occur during a high to low transition of ResetAIS are counted with the zeros that occured before 
the high to low transition. 

NRZ Data IN 
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AMI 

HD83 

B6ZS 

88ZS 

ClK ENC 

OUT 1 

OUT2 

OUT 1 

OUT2 

OUT 1 

OUT2 

OUT 1 

OUT2 

~ ________ ~n n~ ______________________ _ 
I 

~ ______ ~~ rl~ ______________________________ __ 

~ ________ ~~rl~ __________ ~ 
I 

n 
~ ______ ~n n~ ____ ~ 

i 
I 

rsl 

n h --! ______ -:-__ ~, '--___ ...J 

I 

rsl 

: rl~ __________ ~ rLSsl 

n h -r--------~----~, ~----~ 

n -r------~----~~n~--------~ I 

:'-3'11 cycles--': 
I 
~5'h cycles ----.I 

FIGURE 6. ENCODE TIMING AND DELAY 

lsi lsi 
!sL-.-

!sLJSl 

rsL--I 

rsLSsL-

ISl r 

Data is clocked on the negative edge of ClK ENC and appears on Out 1, and Out 2. Out 1 and Out 2 are 
interchangable. Bipolar violations and all other pulses inserted by the line coding scheme to encode 
strings of zeros are labled with an "S". 
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CLK DEC 
, 
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NRZ Data Out r-----~~--------------------------
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NRZ Data Out , 
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~------~--~~-----------------------, 
I 1 

BBZS Ain -i-n 
Bin -fl 

~ __ -, __ ~h ~ ~~ ______ ~~ rsl--
~ __ ~rI~~ __ ~ __________ ~~ ~ 

NRZ Data Out --------~--~~~~----------------i~ I' --

I- 4 cycles -I , 1 
r--- 6 cycles _ ~ 
14-- 8 cycles ~ I 

FIGURE 7. DECODE TIMING AND DELAY 

Data that appears on Ain and Bin is clocked by the positive edge of ClK DEC. decoded and zeros 
are inserted forall valid line code substitutions. The data then appears in non-return to zero form at output 

NRZ Data Out. Ain and Bin are interchangable. 

CLK DEC 

AIN 

BIN 

NRZ DATA 
OUT 

ERROR 
__________________________ ~!l~ ____ ~r__l~ ____ _ 

FIGURE 8. 

The ERROR signal indicates bipolar violations that are not part of a valid substitution. 
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Harris Quality & Reliability 

Introduction 
Success in the integrated circuit industry requires building 
products which are not only acceptable to the requirements 
of today's market but are continually evolving to meet the 
challenges of the future. This demands actions which are 
based on improvement and aimed at perfection. 

Harris Semiconductor's commitment to supply top value in 
integrated circuits has made quality improvement a 
mandate for every person in our workforce - from circuit 
designer to manufacturing operator, from the hourly 
employee to the corporate executive. Quality, reliability, and 
performance are all measures of value in integrated circuits 
that have significantly increased in importance in today's 
market. Price is no longer the only determinant in the 
success of a supplier. See Figure 1. 

To succeed in today's integrated circuit market, quality can­
not be an add-on or after-the-fact consideration. Quality 

STAGE IV I i 
CTON IMPA 

PRO 
au 

DUCT 

PRODUCT II 
OPTIMIZATION 

AUTY STAGE III 

PROCESS 
OPTIMIZATION 

STAGE I! 

PROCESS 
CONTROL 

STAGE I 

PRODUCT 
SCREENING 

SOPHISTICATION OF 
aUAUTY TECHNOLOGY 

FIGURE 1. STAGES OF STATISTICAL 
QUALITY TECHNOLOGY 

Designing for Success-Feeding Back 
the Results 
Assuring quality and reliability in integrated circuits begins 
with good product and process design and this has always 
been a strength in Harris Semiconductor's quality ap­
proach. We have a very long lineage of high reliability, high 
performance products that have been born out of our com­
mitment to design excellence. Today as before, all Harris 
products are designed to meet the stringent quality and reli­
ability requirements of the most demanding end equipment 
applications, from military and space to industrial and tele­
communications. The application of new tools and methods 
has allowed us to continuously upgrade the design process. 

Each new design is evaluated throughout the development 
cycle to validate the capability of the new product to meet 
the end market performance, quality, and reliability objec­
tives. 

This validation process has four major components: 
1. Design simulation/optimization 
2. Layout verification 
3. Product demonstration 
4. Reliability assessment 

must begin with the development of capable process tech­
nologyand product designs. It continues in the manufactur­
ing process only via effective controls at each operation. It 
CUlminates in the delivery of products which meet or exceed 
the expectations of the customer. Our company's quality 
methodology is evolving. In 1981 we embarked on a prog­
ram to move from Stage I. We are currently in the transition 
from Stage II to Stage III as more and more people in our 
organization become involved in quality activities. Quality is 
not the responsibility of one person, it is everyone's job. The 
traditional "quality" tasks of screening, inspection and test­
ing are giving way to more effective and efficient methods. 
We are putting new tools in the hands of our employees. 
Here's a sample of how our quality systems are changing to 
meet the needs of today's marketplace. See Table 1. 

I 

" 

TABLE 1. APPROACH AND IMPACT OF STATISTICAL 
QUALITY TECHNOLOGY 

STAGE APPROACH IMPACT 

Product • Stress and Test • Limited Quality 
Screening • Defective Prediction • Costly 

• After-The-Fact 

Process • Statistical Process • Identifies Variability 
Control Control • Reduces Costs 

• Just-In-Time • RealTime 
Manufacturing 

III Process • Design of Experi- • Minimizes Variability 
Optimization ments • Before-The-Fact 

• Process Simulation • Limited by Process 
Capability 

IV Product • Design for Produc- • Insensitive to Vari-
Optimization ibility ability 

• Product Simulation • Designed-In Quality 
• Optimal Results 

Harris designers have an extensive set of very powerful 
Computer-Aided Design (CAD) tools to create and optimize 
product designs as outlined in Table 2. 

TABLE 2. HARRIS I.C. DESIGN TOOLS 

PRODUCTS 

DESIGN STEP ANALOG DIGITAL 

Functional Slice Silos 
Simulation Proteous 

Socrates 

Parametric Slice Slice 
Simulation Monte Carlo 

Schematic Note 1 Daisey 
Capture SDA-Mass Comp 

Functional Note 1 SDA-LVS 
Checking 

Rules Calma-DRC Harris Dash 
Checking 

Parasitic Note 1 SDA-LVS 
Extraction 

NOTE 1. Tools are in Development. 
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From schematic generation to layout rules checking, the ap­
plication of these CAD tools allows our designers to 
optimize product capabilities. These tools afford the design­
er ample opportunity to evaluate alternative approaches, 
check tradeoffs, and eliminate errors. The result is better 
product designs. 

The second aspect of design validation is characterization 
and reliability testing. New products are manufactured in 
our normal production lines, not in pilot lines, allowing full 
characterization of the product as it will be produced when 
offered to the market. Harris has accumulated a large relia­
bility data base on its processes. New product conformance 
to the reliability objectives is verified on samples during the 
pre-production phase prior to product introduction. The re­
sults of these tests are added to the reliability data base. De­
sign rules used to design and layout products are refined 
based on analysis of the reliability test results (Table 3). 

Controlling and Improving the 
Manufacturing Process-SPC/DOX 
Statistical process control (SPC) is the basis for quality con­
trol and improvement at Harris Semiconductor. Harris SPD 
manufacturing people use over 1000 Shewhart control 
charts to determine the normal variations in processes, 
materials, and products. Critical process variables are 
measured and control limits are plotted on the control 
charts. Appropriate action is taken if the control charts indi­
cate that an operation is outside the process control limits 
or indicates a trend toward the limit. These same control 
charts are powerful tools for use in reducing variations in 
processing, materials, and products. See Table 4. 

Feedback from our past results and experiences helps us 
continually improve and update the quality of our design. 

TABLE 3. NEW PROCESS AND NEW PRODUCTION SITE 
QUALIFICATION 

TESTS SAMPLE SIZE 

High Temp Operating Life Test 850 Units Out of 8 Wafer Lots 

850 C/85% Relative Humidity 110 Units Out of 2 Assembly Lots 

Autoclave (Plastic Only) 55 Units 

Temperature Cycle 50 Units Out of 2 Assembly Lots 

Thermal Shock 50 Units Out of 2 Assembly Lots 

Construction Analysis 100 Units Out of 4 Wafer Lots 

ESD Characterization 20 Units Out of 4 Wafer Lots 

Absolute Max. Rating Tests 20 Units Out of 4 Lots 

Electrical Characterization 110 Units Out of 4 Lots 

The job does not stop there. Processes which operate in 
statistical control are not always capable of meeting engi­
neering requirements. The conventional way of dealing with 
this in the semiconductor industry has been to implement 
100% screening or inspection steps to remove defects. Har­
ris still uses screening and inspection to "grade" products 
and to satisfy specific screening requirements imposed by 
customers by offering burn-in, multiple temperature test in­
sertions, environmental screening, and visual inspection as 
value-added testing options. 

TABLE 4. SUMMARIZING CONTROL CHART APPLICATIONS 

FAB 

• Diffusion • Thin Film • PR • Measurement Equipment 
- Junction Depth - Film Thickness - Critical Dimension - Critical Dimension 
- Sheet Resistivities - Uniformity - ResistThickness - Film Thickness 
- Oxide Thickness - Refractive Index - Etch Rates - 4 Point Probe 
- Implant Dose Calibration - Film Composition - Ellipsometer 
- Uniformity 

ASSEMBLY 

• Pre -Seal • Post -Seal • Measurement 
- Die Prep Visuals - Intemal Package Moisture - XRF 
- Yields - Tin Plate Thickness - Radiation Counter 
- Die Attach Heater Block - PIND Defect Rate - Thermocouples 
- Die Shear - Solder Thickness - GM-Force Measurement 
- Wire Pull - LeakTests 
- Saw Blade Wear - Module Rm. Solder Pot Temp. 

TEST 

- Handlers/Test Systems - Monitor Failures 
- Defect Parato Charts - Lead Strengthening Quality 
- Lot % Defective - After Bum-In PDA 
- ESD Failures per Month 

OTHER 

• IQC • Environment • IQC Measurement/Analysis 
- Vendor Performance - Water Quality - XRF 
- Material Criteria - Clean Room Control - ADE 
- Quality Levels - 4 Point Probe 

- Chemical Analysis Equipment 
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We feel these techniques are insufficient to meet the de­
mands of today's market for high reliability and perfect qual­
ity performance. Inspection and screening have limited 
capability in reducing product defects to the levels ex­
pected by today's marketplace, and screening operations 
occasionally introduce defects into product populations. 
Also, screening and inspection activities have associated 
expense which adds to product cost. Harris engineers use 
Design of Experiments (DO X), a scientifically disciplined 
mechanism for evaluating and implementing improvements 
in product processes, materials, equipment, and facilities. 
These improvements are aimed at reducing the number of 
defects by studying the key variables controlling the pro­
cess and optimizing the procedures or design to yield the 
best result. This is a long haul approach to achieving quality 
perfection. It takes time, but better product results from the 
efforts and the basic causes of product nonconformance 
can be eliminated. 

SPC, DOX, and design for manufacturability, coupled with 
our 100% screening flows, make a product assurance prog­
ram that results in the quality and reliability performance de­
manded by today's marketplace. Harris AOQ results for our 
catalog products during the last half of 1987 were 200ppm 
(see Figure 2). Our goal is to be at or below 100ppm by the 

The Role of the Quality Organization 
The emphasis on building quality into the design and manu­
facturing processes of a product has resulted in a signifi­
cant change in the role of the Quality organization. In addi­
tion to facilitating the development of SPC and DOX prog­
rams and working with manufacturing to establish control 
charts, Quality professionals are involved in the measure­
ment of equipment capability, standa rdization of inspection 
equipment, procedures for chemical controls, analysis of in­
spection data and feedback to the manufacturing areas, co­
ordination of efforts for product improvement, upgrades of 
environmental or raw materials quality, and development of 
quality improvement programs with vendors. The Quality or­
ganization's role is changing from one of policing quality to 

middle of 1988. Harris reliability results for all process and 
products are approximately 160 FITS. Our goal is to main­
tain this outstanding performance for all products we offer. 
We have the tools and the people to do it. 

ppm 

~~--------------------------------------~ 

2 4 6 B 10 12 2 4 6 B 10 12 
1986 1987 

FIGURE 2. DEFECTIVE PARTS PER MILUON 

one of faCilitating quality in other organizations. It does this 
through auditing, sampling, consulting, and managing QIT 
projects. The Quality organization assists top management 
in formulating quality policy and establishing overall quality 
programs and objectives. Many of the conventional quality 
functions are still performed by the Quality organization to 
support specific market requirements (e.g., Group A and B 
testing for military products). But true to the philosphy that 
quality is everyone's job, much of the traditional on-line 
measurement and control of quality characteristics is where 
it belongs, with the people who make the product what it is. 
The Quality organization is there to assist in the deployment 
of quality techniques and to monitor progress. 

THE HARRIS 
QUALITY ORGANIZATION 

FIGURE 3. THE HARRIS QUAUTY ORGANIZATION 
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TABLE 5. ON-LINE MANUFACTURING/QC FUNCTIONS 

MANUFACTURING QA/AC MONITOR 
AREA FUNCTION CONTROLS AUDIT 

WaferFab • JAN Self-Audit X 
• Environmental 

- Room/Hood Particulates X X 
- Temperature/Humidity X X 
- Water Quality X 

• Product 
- Junction Depth X 
- Sheet Resistivities X 
- Defect Density X X 
- Critical Dimensions X X 
- Visual Inspection X X 
- Lot Acceptance X 

• Process 
- Film Thickness X X 
- Implant Dosages X 
- Capacitance Voltage Changes X X 
- Conformance to Specification X X 

• Equipment 
- Repeatability X X 
- Profiles X X 
- Calibration X 
- Preventive Maintenance X X 

WaferFab • JAN Self-Audit X 
• Environmental 

- Room/Hood Particulates X X 
- Temperature/Humidity X X 
- Water Quality X 

• Product 
- Documentation Check X 
- Dice Inspection X X 
- Wire Bond Pull Strength/Controls X X 
- Pre-Seal Visual X X 
- Fine/Gross Leak X X 
- PIND X 
- Lead Finish Visuals, Thickness Die Shear X X 
- Solderability X 

• Process 
- Operator Quality Performance X 
- Saw Controls X 
- Die Attach Temperatures X X 
- Seal Temperature Profile X X 
- Temp Cycle Chamber Temperature X X 
- ESD Protection X X 
- Plating Bath Controls X 
- Mold Parameters X X 

Test • JAN Self-Audit X 
• Temperature/Humidity X X 
• ESD Controls X 
• Temperature Test Calibration X 
• Test System Calibration X 
• Test Procedures X 
• Control Unit Compliance 
• Lot Acceptance Conformance X 
• Group A Lot Acceptance X 

Probe • JAN Self-Audit X 
• Wafer Repeat Correlation X 
• Visual Requirements X X 
• Documentation X X 
• Process Performance X X 

Bum-In • JAN Self-Audit X 
• Functionality Board Check X 
• Oven Temperature Controls X 
• Procedural Conformance X 
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TABLE 5. ON-LINE MANUFACTURING/QC FUNCTIONS (CONTINUED) 

AREA FUNCTION 

Brand • JAN Self-Audit 
• ESD Controls 
• Brand Permanency 
• Temperature/Humidity 
• Procedural Conformance 

QCllnspection • JAN Self-Audit 
• Solderability Bath 
• Group D Conformance 

Training 
The foundation of a successful transition from the conven­
tional quality program to a more effective one is extensive 
training of the personnel involved in manu facturing the 
products. Early in 1984, Harris SPO began a comprehen­
sive development program in statistical methods. Through 
the University of Tennessee, private consultants, and 
internally developed training programs, Harris has 
completed the training of nearly 2,000 engineers, supervi­
sors, and operators/technicians. 

Over 940 operators, more than 98 supervisors, and some 
751 engineers have been trained in SPC methods, provid­
ing them with tools to improve the overall level of uniformity 
of Harris products. More than 256 engineers have received 
training in OOX methods, learning to evaluate changes in 

MANUFACTURING QA/AC MONITOR 
CONTROLS AUDIT 

X 
X X 
X X 
X X 

X 

X 
X 
X 

process operations, set up new processes, select or accept 
new equipment, evaluate materials, select vendors, com­
pare two or more pieces of equipment, and compare two or 
more process techniques. 

Over the past four years, Harris SPO has also deployed a 
comprehensive training program for hourly operators and 
supervisors in job requirements and functional skills. All 
hourly manufacturing employees participate. Nearly 600 
hourly SPO employees are certified in an average of ten job 
skills. About 20,000 man hours per year are expended in 
SPO employee training and certification. Harris SPO main­
tains a full time training staff to develop and manage its 
training programs (see Table 6). 

TABLE 6. TABLE OF TRAINING PROGRAMS 

COURSE AUDIENCE LENGTH TOPICS COVERED 

SPC Manufacturing Operators 8 Hours Basic Philosophy, Statistical Calculations 
Graphing Techniques, Pareto Charts, Control Charts 

SPC Manufacturing Supervisors 21 Hours Basic Philosophy, Statistical Calculations 
Graphing Techniques, Pareto Charts, Control Charts, 
Testing for Inspector Agreement, 
Cause and Effect Diagrams, 1 and 2 Sample Methods 

SPC Engineers and Managers 48 Hours Basic Philosophy, Graphical Methods, Control Charts, 
Rational Subgroubing, Variance Components, 
1 and 2 Sample Methods, Pareto Charts, 
Cause and Effect Diagrams 

DOX Engineers and Managers 88 Hours Factorial Designs. Fractional Factorial Designs, 
(Design of Blocking Designs, Variance Components, 
Experiments) Computer Usage, Normal Probability Plotting 

RSM Engineers and Managers 40 Hours Steepest Ascent, Central Composite Designs, 
(Response Surface Box-Behnken Designs, Computer Usage, 
Methods) Contour Plotting, Second Order Response Surfaces 

Continuous Manufacturing SuperviSOrs 12 Hours Basic Philosophy, Pareto Analysis, Imagineering, 
Improvement Run Charts, Cause and Effect Diagrams, 
Methods Histograms, Ideas of Control Charts 
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Vendors 
The quality of materials used in manufacturing is very 
important to making quality integrated circuits. Since the 

introduction of statistical process control in our factory, the 

impact of incoming materials and chemicals is more visible 

and measurable. To achieve the highest quality and the 

most economical results from a statistically controlled 

manufacturing operation, incoming materials must also be 

statistically controlled. 

To upgrade the quality and consistency of incoming mater­
ials, and to learn more about the characteristics of the mat­
erials, Harris has initiated and coordinated an aggressive 
program aimed at certifying major vendors and ens uring 
they have SPC programs in place. SPC seminars are held 
for vendors in all material categories (silicon, chemicals, thin 
film materials, photoresists, gases, and piece parts). Those 
who have attended are now certified or working toward 
certification. See Table 7. 

TABLE 7. INCOMING QUALITY CONTROL MATERIAL QUALITY CONFORMANCE 

MATERIAL INCOMING INSPECTIONS VENDOR DATA REQUIREMENTS 

Silicon • Resistivity • Equipment Capabil~y Control Charts 
• Crystal Orientation - Oxygen 
• Dimensions - Resistivity 
• Edge Conditions • Control Charts for 
• Taper - Enhanced Gettering 
• Thickness - Total Thickness Variation 
• Total Thickness Variation - Total Indicated Reading 
• Backside Criteria - Particulates 
• Oxygen • Certificate of AnalYSis for all Critical 
• Carbon Parameters 

Chemicals/Photo- • Certificate of AnalYSis on all 
resists/Gases Critical Parameters 

• Chemicals • Control Charts 
- Assay - Assay 
- Major Contaminants - Contaminants 

• Molding Compounds - Water 
- Spiral Flow - Selected Parameters 
- Thermal Characteristics 

• Gases • Control Charts 
- Impurities - Assay 

- Contaminants 
• Photoresists • Control Charts on 

- Viscosity - Photospeed 
- Film Thickness - Thickness 
- Solids - UV Absorbance 
- Pinholes - Filterability 

- Water 
- Contaminants 

Thin Film Materials • Assay • Control Charts 
• Selected Contaminants - Assay 

- Contaminants 
- Dimensional Characteristics 

• Certificate of Analysis for all 
Critical Parameters 

Assembly Materials • Visual Inspection • Certificate of Analysis 
• Dimension Checks • Process Control Charts on OutgOing Product 
• Lead Integrity Checks and In-Line Process Controls 
• Glass Compos~ion 
• Bondability 
• Intermetallic Layer Adhesion 
• Ionic Contaminants 
• Thermal Characteristics 
• Lead Coplanarity 
• Metal Thickness 
• Hermeticity 
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Prior to certification, Harris and its vendors work closely on 
correlating measurement techniques, clarifying specific 
material parameters, and negotiating specifications govern­
ing the Harris quality requirements. The use of real-time 
SPC procedures in the vendor's manufacturing operation is 
an indispensable prerequisite to certification. Our goal is for 
the supplier's factory to become an extension of the Harris 
manufacturing line. In addition to periodic incoming inspec­
tion on lots, Harris Quality personnel review control charts 
supplied with materials, review operations, and carry out 
regularly scheduled audits of the vendors. 

Manufacturing Science-CAM, JIT 
In addition to deploying SPC and DOX as key tools to con­
trol the product and processes, Harris is deploying other 
management mechanisms in the factory. Upon first exami­
nation, these tools appear to be directed more at schedules 
and capacity. However, they have a significant impact on 
quality results. 

~ Computer Aided Manufacturing (CAM) 
CAM is a computer based inventory and productivity 
management tool. The CAM systems allow personnel to 
quickly identify production line problems and take correc­
tive action. In addition, CAM improves scheduling and 
allows Harris to more quickly respond to fluctuating 
customer requirements. It is also an important tool in 
managing work in process (WIP) and inventories. 

Through the use of CAM, significant improvements have 
been made in a number of areas. Wafer lot tracking has 
greatly improved, facilitating a number of process 
improvements through correlation of yields to process 
variables. In several places CAM has greatly improved 
capacity utilization through better planning and schedul­
ing. Queues have been reduced; cycle times have been 
shortened, in one case by as much as a factor of 2. 

The most significant advantage has been the reduction in 
WIP inventory levels, in one area by as much as a factor of 
5. This results in fewer lots in the area. By reducing inven­
tory and time in the area, quality improves. In wafer fab, 
defect rates are reduced because wafers spend less time 
sitting in production area waiting to be processed. Less 
inventory also raises morale and brings a more orderly 
flow to the area. CAM facilitates all of these advantages. 

All of the data is used to formulate "The Vendor History." 
Materials inspection data, vendor conformance to correc­
tive action, and the use of SPC procedures are compiled in 
a quantitative Vendor Quality Rating (VQR). Active partici­
pation by our vendors in defining requirements, and con­
stant feedback by Harris on quality performance, has 
instilled the quality ownership into the vendor's manufactur­
ing operation. Our incoming lot defect rates are 2.4%, com­
pared to 9.7% before we initiated this program. Our goal is 
to reduce the incoming reject rate to 1.5% by the end of 
June 1989. 

~ Just In Time (JIT) 
A key adjunct to the CAM activity is Just In Time (JIT) 
material management. This is more than an inventory 
reduction technique. In many cases it involves 
reorganization of facilities and people. The essential con­
cept is to form work units that are responsible for doing 
the whole job rather than bits of it. For example, a 
photoresist flow consists of several steps which were 
previously organized in the classical departmentalized 
way. The inspection and etch areas were in a different se­
rial manner location from the deposition and alignment 
areas. Work piled up at the slowest operation (inspec­
tion). Quality problems detected at inspection were 
decoupled in space and time from the areas producing 
them by 20 to 30 feet and at least one day. Rework rates 
were very high. Scrap was unacceptable. 

The area was reorganized into GT (group technology) 
cells, a basic concept in JIT (see Figure 4). The inspection 
and alignment areas were phYSically coupled and people 
were organized into teams. The whole job (finished defect 
free wafers) was assigned to the GT cell. Rework rates 
decreased 70%. Scrap rates decreased 45%. And probe 
yields increased by 50%. This is only one of hundreds of 
examples of how JIT has improved our factory perform­
ance. 

PHOTORESIST AREA (BEFORE & AFTER JIT WAS IMPLEMENTED) 

NO.3 

3 STEPPERS 9PE'S 3PE'S 
D C=:I 

ALIGN & STEP 

D C=:I 

~ ~ t': PRE-

~ INSPECT 

~ 
DEV COAT COAT 

~ ~ 

ENG 

BEFORE AFTER 

FIGURE 4. GROUP TECHNOLOGY CELL 
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Measurement 
Analytical Services Laboratories 
All Engineering, Manufacturing, and Product Assurance 
functions are supported by the Analytical Services Labora­
tory. This laboratory maintains capability in chemical and 
physical analysis. The principal capabilities of this lab are: 

SPECTROSCOPIC METHODS: Colorimetry, Optical 
Emission, Ultraviolet Visible, Fourier Transform-Infrared, 
Flame Atomic Absorption, Furnace Organic Carbon 
Analyzer, Mass Spectrometer. 

CHROMATOGRAPHIC METHODS: Gas Chromatogra­
phy, Ion Chromatography. 

THERMAL METHODS: Differential Scanning Colorimetry, 
Thermogravimetric Analysis, Thermomechanical Analysis. 

PHYSICAL METHODS: Profilometry, Microhardness, 
Rheometry. 

CHEMICAL METHODS: Volumetric, Gravimetric, Specific 
Ion Electrodes. 

Calibration Laboratories 
Another important resource in the product assurance sys­
tem is Harris Semiconductor's Calibration Lab. This area is 
responsible for calibrating the electronic, electrical, electro/ 
mechanical, and optical equipment used in both the pro­
duction and engineering areas. The accuracy of instru­
ments used at Harris in calibration is traceable to the Na­
tional Bureau of Standards. The lab maintains a system 
which conforms to the current revision of MIL-STD45662, 
"Calibration System Requirements." 

Fai/ure Analysis 
Harris Semiconductor products have an outstanding repu­
tation for reliability and quality. Our records show that less 
than 1/10 of 1 % of all products shipped in calendar year 
1986 were returned for quality or reliability defects. Of 
these, more than half were determined to be damaged by 
EOS or ESD. Harris Semiconductor operates a fully staffed 
and equipped failure analysis lab to assist the customer, 
should products be found which fail to meet requirements 
for reliability or quality. Formal documentation of failure 

ELECTRON MICROSCOPE: Transmission Electron Mi­
croscopy, Scanning Electron Microscope. 

X-RAY METHODS: Energy Dispersive X-ray Analysis 
(SEM), Wavelength Dispersive X-ray Analysis (SEM), 
X-ray Fluorescence Spectrometry, X-ray Diffraction 
Spectrometry. 

SURFACE ANALYSIS METHODS: Scanning Auger Micro­
probe, Electron Spectroscope/Chemical Analysis, Secon­
dary Ion Mass Spectrometry, Ion Scattering Spectrometry, 
Ion Microprobe. 

The Analytical Services Lab provides analysis support for 
process development, failure analysis, product evaluation, 
and qualification. Finally, the lab serves as a reference 
source for correlation and calibration of process control 
measurements as well as assisting in developing improved 
process measurement methodology. 

Each instrument requiring calibration is given a calibration 
interval based upon stability, purpose, and degree of use. 
The equipment is labeled with an identification tag which 
describes the last calibration date and the next required cal­
ibration. The Calibration Lab reports on a regular basis to 
each user department, and equipment out of calibration is 
taken out of service until calibration is performed. The Qual­
ity organization performs periodic audits to assure proper 
control in the using areas. 

analysis results is provided by the Harris reliability organi­
zation, including failure mechanJsm and corrective action. 
The table below summarizes the dominant failure mecha­
nisms of each of Harris Semiconductor's product groups. 
This data is used in formulating reliability predictions and in 
guiding process and product design improvements. Should 
formal failure analysis of any products be required, simply 
contact your local field sales representative for help. 

TABLE 8. HIGH TEMPERATURE OPERATING LIFE 

TESTED NO. OF DEVICE HOURS FAILURE RATE (FIT·) 
QUANTITY FAILURES @STRESS @TA=550C 

PROCESS DESCRIPTION (UNITS) (UNITS) TEMPERATURE (60% CONF. LEVEL) 

Scaled SAJIIV 4,404 26 5,013,762 35 

SAJIVNI 425 7 311,792 47 

Standard Linear, DI with Nichrome Resistors 2,563 6 3,182,671 62 

Standard Linear, DI with Nichrome Resistors 2,887 1 3,602,273 17 

DI, Aluminum & Silicon Gate Linear CMOS 4,256 0 7,101,794 3 

Comb. Std. Linear and MOS, High Frequency 455 0 458,728 6 

Comb. Std. Linear and MOS 154 0 155,021 25 

Local Oxidized SAJI VII 1,565 1 3,599,306 47 

·FIT = One Failure in 109 Device Hours. 
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Applications Support 
To obtain top system performance, it is not sufficient just to 
select high-quality components. It is necessary to apply 
those in ways which do not compromise the maximum 
ratings of the product or utilize them beyond their design 
capabilities. To assist customers in properly applying Harris 
Semiconductor products, Harris maintains a full staff of 

Special Testing 
Harris Semiconductor offers several standard screen flows 
to support a customer's need for additional testing and reli­
ability assurance. These flows include environmental stress 
testing, burn-in, and electrical testing at temperatures other 
than +250 C. The flows shown below indicate the Harris 

applications engineers in the field. The Harris field applica­
tions engineers (FAEs) assist customers in system design 
problems, product test problems, and utilization of Harris 
Semiconductor products in a wide variety of application sit­
uations. To obtain help from the Harris FAEs, simply contact 
your local field sales representative 

standard screening processes. In addition, Harris can 
supply products tested to customer specifications both for 
electrical requirements and for non-standard environmental 
stress screening. Consult your field sales representative 
for details. 
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Harris Semiconductor 
Commercial/Industrial Processing Flows 

W -7 

VISUAL 
INSPECTION 

HERMETICS: 
HIGH POWER 50X 

100% PROBE/DICE PLASTICS: 
ELECTRICAL PREPARATION LOW POWER 30X 
PROBE TEST HARRIS 

INTERNAL CRITERIA 
WITH QA INSPECT 

ASSEMBLY (1) 

0 OPERATION 

"* QAMONITOR 

LEAD FRAME CLEAN YES 

YES 

DIE ATTACH 2-HOUR 

CONTROL 

YES 

WIRE BOND 2-HOUR 

CONTROL 

PRE-SEAL INSPECT YES 

ALL PRE-SEAL 

OPERATIONS 

IN CLASS 100 OA PRESEAL INSPECT YES 

LAMINAR 

FLOW CERDIP SEALING YES 

BACKSIDE CODE YES 

TEMPERATURE CYCLE YES 
(CYCLES) 

PIND (CONDITION B) AS APPLICABLE 

TIN-PLATING/SOLDER DIP YES 

OA LEAD FINISH YES 
INSPECT 

FINE LEAK TEST HERMETIC ONLY 

GROSS LEAK TEST HERMETIC ONLY 

FRAME REMOVAL YES 

LOAD SHIPPING TUBES YES 

OAiASSEMBL Y INSPECT YES 

OAi ASSEM. DOCUMENT. YES 
INSPECT 

(1) Example for a Cerdip Package Part 
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Harris Semiconductor 
Commercial/Industrial Processing Flows 

(Continued) 

AC/DC SINGLE 

INSERTION TEST 

CAPABILITY; 

HIGH/LOW TEMP 

BURN-IN 

IN-HOUSE PACKAGE 

MOISTURE MONITOR 

CAPABILITY 

COMPUTERIZED LOT 

TRACEABILITY 

MONITOR SYSTEM 

TEST 

o OPERATION * QUALITY MONITOR 

QUALITY MONITOR 

PRE-BURN-IN ELECTRICAL 
TEST 

BURN-IN (2) 

POST BURN-IN TEST 

QUALITY MONITOR 

APPLY BURN-IN PDA 

QUALITY 
CONFORMANCE 
INSPECTION 

EXTERNAL VISUAL 

FINAL DATA REVIEW 

QA FINAL INSPECT 

QA DOCUMENTATION 
INSPECT 

Package & Ship 
or Stock 

rn--2.t~--4 ---- -
-7 

YES 

YES 

YES 

DASH? 

96 HOUR @ 

+1250 C 

YES 

AS APPLICABLE 

AS APPLICABLE 

YES 

GROUPA 

YES 

YES 

YES 

YES 

(2) Burn-In test temperatures can be increased and time reduced per regression tables in Mil-Std-883, Method 1015, 
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HA-2400/04/05 

HA-2406 

HA-2420/25 

HA-2500/02/05 

HA-251 0/1 2/15 

HA-2520/22/25 

HA-2529 

HA-2539 

HA-2540 

HA-2541 

HA-2542 

HA-2544 

HA-2600/02/05 

HA-2620/22/25 

HA-2640/45 

HA-2650/55 

HA-2720/25 

HA-4741 

HA-4900/02/05 

HA-5002 

HA-5033 

HA-5101/11 

HA-5102/5112 

HA-5104/5114 

HA-5127 

HA-5130/35 

HA-5134 

HA-5137 

HA-5141 

HA-5142 

HA-5144 

HA-5147 

HA-5151 

HA-5152 

HA-5154 

HA-5160/62 

HA-5170 

HA-5177 Preliminary 

HA-5180 

HA-5190/95 

HA-5320 

HA-5330 

HC-5502A 

HC-5504 

HC-5512/5512A 

HC-5512D 

HC-55564 

HF-10 

Burn-In Drawing Index 

PRAM Four Channel Programmable Amplifiers ............................... . 

Digitally Selectable Four Channel Operational Amplifier ....................... . 

Fast Sample and Hold Amplifier ............................................ . 

Precision, High Slew Rate Operational Amplifiers ............................. . 

High Slew Rate Operational Amplifiers ...................................... . 

Uncompensated, High Slew Rate Operational Amplifiers ....................... . 

Uncompensated, High Slew Rate, High Output Current Operational Amplifier .•... 

Very High Slew Rate, Wideband Operational Amplifier ......................... . 

Wideband, Fast Settling Operational Amplifier ................................ . 

Wideband, Fast Settling, Unity Gain Stable, Operational Amplifier ............... . 

Wide, High Slew Rate, High Output Current Operational Amplifier ............... . 

Video Operational Amplifier ................................................ . 

Wideband, High Impedance Operational Amplifiers ........................... . 

Very Wideband, Uncompensated Operational Amplifiers ...................... . 

High Voltage Operational Amplifiers ......................................... , 

Dual High Performance Operational Amplifier ................................ . 

Wide Range Programmable Operational Amplifier ............................ . 

Quad Operational Amplifier ................................................ . 

Precision Quad Comparator ............................................... . 

Monolithic, Wideband, High Slew Rate, High Output Current Buffer ............. . 

Video Buffer ............................................................. . 

Single, Low Noise, High Performance Operational Amplifiers ................... . 

Dual, Low Noise, High Performance Operational Amplifiers .................... . 

Quad, Low Noise, High Performance Operational Amplifiers ................... . 

Ultra-Low Noise, Precision Operational Amplifier ............................. . 

Precision Operational Amplifiers ............................................ . 

Precision Quad Operational Amplifier ....................................... . 

Ultra-Low Noise, Precision, Wideband Operational Amplifier ................... . 

Single, Ultra-Low Power Operational Amplifiers .............................. . 

Dual, Ultra-Low Power Operational Amplifiers ................................ . 

Quad, Ultra-Low Power Operational Amplifiers .............................. . 

Ultra-Low Noise, Precision, High Slew Rate, Wideband Operational Amplifier .... . 

Single, Low Power Operational Amplifiers ................................... . 

Dual, Low Power Operational Amplifiers ..................................... . 

Quad, Low Power Operational Amplifiers .................................... . 

Wideband, JFET Input, High Slew Rate, Uncompensated, Operational Amplifier .. . 

Precision, JFET Input Operational Amplifier .................................. . 

Ultra-Low Offset Voltage Operational Amplifier ............................... . 

Low Bias Current, Low Power, JFET Input Operational Amplifier ................ . 

Wideband, Fast Settling Operational Amplifiers ............................... . 

High Speed Precision Monolithic Sample and Hold Amplifier ................... . 

Very High Speed Monolithic Sample and Hold Amplifier ....................... . 

Subscriber Line Interface Circuit (SUC) ...................................... . 

Subscriber Line Interface Circuit (SUC) ...................................... . 

PCM Monolithic Filters .................................................... . 

PCM Monolithic Filter Military Temperature Range ............................ . 

All-Digital Continuously Variable Slope Delta Modulator (CVSD) ................ . 

Universal Active Filter ..................................................... . 
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Drawing 
Number 

1 

1 

2,3 

4,5 

4,5 

4,5 

4,5 

6 

7 

8 

8 

9 

10,11 

10,11 

12 

13,14 

15 

16 

17 

18,19 

20 

21,22 

23,24 

25 

26,27 

26,27 

16 

26,27 

21,22 

23,24 

28 > 
!::~ 

26,27 ~::::J 
21,22 5~ 
23,24 

CI)::::J -w 
~a:: 

28 <I: all 
J: 

5 

9 

26,27 

9 

7,29 

30 

31,32 

33 

34 

35 

35 

36 

37 



HI-1818A/1828A 

HI-200 

HI-201 

HI-201HS 

HI-300 thru 307 

HI-381/384 

HI-387/390 

HI-5040thru 5051 

HI-5046A/5047A 

HI-506/507 

HI-506A/507 A 

HI-508/509 

HI-508A/509A 

HI-516 

HI-518 

HI-524 

HI-539 

HI-546/547 

HI-548/549 

HI-562A 

HI-565A 

HI-574A 

HI-674A 

HI-774 

HI-5618A/5618B 

HI-5660/5660A 

HI-5687 

HI-5697V 

Burn-In Drawing Index (Continued) 

Low Resistance Single 8/Differential4 Channel .............................. . 

CMOS Analog Multiplexers 
Dual SPST CMOS Analog Switch ........................................... . 

Quad SPST CMOS Analog Switch .......................................... . 

High Speed Quad SPST CMOS Switch ...................................... . 

CMOS Analog Switches ................................................... . 

CMOS Analog Switches ................................................... . 

CMOS Analog Switches ................................................... . 

CMOS Analog Switches ................................................... . 

CMOS Analog Switches ................................................... . 

Single 16/Differential8 Channel CMOS Analog Multiplexers ................... . 

Single 16/Differential 8 Channel CMOS Analog Multiplexers with ............... . 
Active Overvoltage Protection 

Single 8/Differential4 Channel CMOS Analog Multiplexers .................... . 

Single 8/Differential4 Channel CMOS Analog Multiplexers with ................ . 
Active Overvoltage Protection 

16 Channel/Differential 8 Channel CMOS High Speed Analog Multiplexer ....... . 

8 Channel/Differential 4 Channel CMOS High Speed Analog Multiplexer ........ . 

4 Channel Wideband and Video Multiplexer .................................. . 

Monolithic,4 Channel, Low Level, Differential Multiplexer ...................... . 

Single 16/Differential 8 Channel CMOS Analog Multiplexers with ............... . 
Active Overvoltage Protection 

Single 8/Differential4 Channel CMOS Analog Multiplexers with ................ . 
Active Overvoltage Protection 

12-Bit High Speed Monolithic Digital-to-Analog Converter .................... . 

High Speed Monolithic Digital-to-Analog Converter with Reference ............. . 

Fast, Complete 12-Bit A/D Converter with Microprocessor Interface ............ . 

1211S, Complete 12-Bit A/D Converter with Microprocessor Interface ............ . 

8.5I1S, Complete 12-Bit A/D Converter with Microprocessor Interface ........... . 

8-Bit High Speed Digital-to-Analog Converters .............................. . 

High Speed Monolithic Digital-to-Analog Converter .......................... . 

Wide Temperature Range Monolithic 12-Bit Digital-to-Analog Converter ........ . 

High Speed, 12-Bit Low Cost Monolithic Digital-to-Analog Converter ........... . 
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HA-2400/04/05; HA-2406 

NOTES: 
R1 = 100kO 10 = 100kHz 
C1 = C2 = 0.1 ~F (one per row) 11 = 50kHz 
C3 = 0.001 ~F 12 = 25kHz 
01 = 02 = 1N4002 or equivalent (one per board) 
I (V+) - (V-) I = 30V 

HA-2420/2425 

" D, 

NOTES: 
R 1 = 100kO ± 5% (per socket) 
C1 = C2 = 0.1 ~F (one per row) or 0.01 ~F (one per socket) 
01 = 02 = IN4002 or equivalent (per board) 

HA-2500/02/05; HA-251 0/12/15; HA-2520/22/25; 
HA-2529; HA-5160/62 (TO-99 METAL CAN) 

NOTES: 
R, = 1 MO ± 5%, 1/4 or 1/2W 
C, = C2 = C3 = O.o1~F ± 10% 
01 = 02 = IN4002 or equivalent 
I (V+) - (V-) I = 30V 

y. 

v. 

0, 

HA-2420/2425 

S/H 14 
·IN CONTROL 

13 
GNO 

12 

" Nt 

·15V 
.y 

C, 0, 
Nt 

OUT 

NOTES: 
R 1 = 100kO ± 5% (per socket) 
C, = C2 = 0.' ~F (one per row) or (0.01 ~F (one per socket) 
0, = 02 = IN4002 or equivalent (per lJoard) 

c, 

HA-2500/02/05; HA-2510/12/15; HA-2520/22/25; 
HA-2529 (CERAMIC MINI-DIP) 

)-+-+--.--~ y. 

NOTES: 
R1 = lMO ± 5%,1/4 or 1/2W 
C, = C2 = C3 = O.OI~F, ±10% 
0, = 02 = IN4002 or equivalent 
I (V+) - (V-) I = 30V 

HA1-2539 (CERAMIC DIP) 

y. o--~-...--I 

c, 

NOTES: 
C, = C2 = 0.1 ~F (per row) or 0.01 ~F (per socket) 
01 = 02 = IN4002 (one pair per board) 
R, = 10kO 
R2 = lkO 
I (V+) - (V-) I = 30V 
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HA-2540; HA-5190/5195 (CERAMIC DIP) 

V-

Cz 

Rl = R2 = lkO 
R3 = 10kO 
Cl = C2 = 0.1 ~F per socket 
01 = 02 = 1N4002 or equivalent (per board) 
I (V+) - (V-) 1= 30V 

HA-2544; HA-5170; HA-51BO 
(CERAMIC MINI-DIP OR TO-99 CAN) 

NOTES: 
Cl = C2 = O.OI~F 
01 = 02 = IN4002 
I (V+) - (V-) I = 30V 

.--_---<OV+ 

'-------0 V-

HA-2600/02/05; HA-2620/22/25 
(TO-99 METAL CAN) 

NOTES: 
Rl = lMO ±5'30, 1/4 or 1/2W 
Cl = C2 = C3 = O.o1~F ± 10% 
01 = 02 = IN4002 or equivalent 
I (V+) - (V-) I = 30V 

+v 

-v 

., 

V+ 

HA-2541; HA-2542 (CERAMIC DIP OR TO-8 CAN) 

NOTES: 
Rl = R3 = lkO ± 5% (per socket) 
R2 = 10kO ± 5% 
Cl = C2 = O.o1~F 
01 = 02 = 1N4002 
I (V+) - (V-) I = 30V 

HA-2600/02/05; HA-2620/22/25 
(CERAMIC MINI-DIP) 

f-H--.--.-<l +v 

NOTES: 
Rl = lMO ± 5%.1/4 or 1/2W 
Cl = C2 = C3 = O.o1~F ± 10% 
01 = 02 = IN4002 or equivalent 
I (V+) - (V-) I = 30V 

., 

HA-2640/2645 (CERAMIC MINI-DIP OR TO-99 CAN) 

NOTES: 
Cl = O.ot~F 
C2 = C3 = 0.01 ~F (Min) 
01, 02 = IN4002 

N Mel 
-:" -= 

o---_--.---{) v+ 

o---~-~--ov-
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HA-2650/2655 (CERAMIC MINI-DIP OR TO-99 CAN) HA-2650/2655 (14 PIN CERAMIC DIP) 

R2 R2 

~
1 

_ V+ 

-= + 
v-

~ 
~~ 

NOTES: 
R1 = R2 = 2kO 
C1 = C2 = O.D1~F 
01 = 02 = IN4002 
I (V+) - (V-) I = 30V 

o-----~--~~--~v+ 

o-----~--~~--_ov_ 

HA-2720/2725 

NOTES: 
R1 = 2MO 
R2=1MO 
C1 = C2 = 0.01 ~F (Min) 
01 = 02 = IN4002 
I (V+) - (V-) I = 30V 

~
+ 

ISET 

R2 R1 v-
"::" v-

o------.----~---ov+ 

C1 

C2 

o-----+---~---ov-

HA-4900/02/05 

" 

., 
v· 

" 

NOTES: 
R1 = 5kO ± 5% 
C1 =C2=C3=0.1~F 
01 = 02 = 03 = IN4002 or equivalent 
VL+ = +5V 
I (V+) - (V-) I = 30V 

NOTES: 
R1 = 1kO ± 5% 
R2 = 10kO ± 5% 
C1 = C2 = 0.01 ~F (per row or per board) 
01 = 02 = IN4002 or equivalent 
I (V+) - (V-) I = 30V 

HA-4741; HA-5134 

NOTES: 
R1 = R2 = R3 = R4 = 1MO 
C1 = C2 = 0.1~F 
01 = 02 = IN4OD2 or equivalent 
I (V+) - (V-) I = 30V 

. . HA-5002 (CERAMIC MINI-DIP) 

,-----------r---,---,--<>+15V 

V· 

" -15V o---t"----t" ....... +------------' 
" 

NOTES: 
R1 = 1kO ± 5% 
C1 = C2 = 0.1 ~F (per row or per board) 
01 = 02 = IN4002 or equivalent 
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HA-5002 (TO-99 METAL CAN) 

., 

NOTES: 
Rl = lkO± 5% 
C, = C2 = 0.' ~F (per row or per board) 
0, = 02 = 1N4002 or equivalent 
I (V+) - (V-) I = 30V 

HA-5033 

NOTES: 
Cl = C2 = 0.01~F 
01 = 02 = IN4002 

v-

o----.---.--Ov+ 
Cl 

o---~--+---Ov-

.. .r----------------------------------~ 
HA-5101; HA-5111; HA-5141; HA-5151 
(CERAMIC MINI-DIP) 

v- <>-.--..--+-1 
°2 

NOTES: 
Rl = lkO± 3% 
R2 = 10kO ± 3% 
R3 = lkO ± 5% 
Cl = C2 = 0.' ~F (per row or per board) 
0, = 02 = 1N4002 or equivalent 
I (V+) - (V-) I = 30V 

v-

NOTES: 

HA-5102; HA-5112; HA-5142; HA-5152 
(CERAMIC MINI-DIP) 

R, = 'kO ± 3% 
R2='OkO±3% 
R3= lkO ± 5% 
C, = C2 = 0.' ~F (per row or per board) 
0" 02 = IN4002 or equivalent 
I (V+) - (V-) I = 30V 

0, 

v+ 

0, 

HA-5101; HA-5111; HA-5141; HA-5151 
(TO-99 METAL CAN) 

e-,>--~-<) v-

NOTES: 
R,='kO±3% 
R2=10kO±3% 
R3 = lkO ± 5% 
C, = C2 = 0.' ~F (per row or per board) 
0" 02 = IN4002 or equivalent 
I (V+) - (V-) I = 30V 

HA-5102; HA-5112; HA-5142; HA-5152 
(TO-99 METAL CAN) 

NOTES: 
R,=lkO±3% 
R2 = 10kO ± 3% v-
R3 = lkO ±5% 
C, = C2 = 0.1 ~F (per row or per board) 
0" 02 = IN4002 or equivalent 
I (V+) - (V-) I = 30V 
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HA-5104; HA-5114 

NOTES: 
R1=1kO±3% 
R2 = 10kO ± 3% 
R3= 1kO± 5% 
C1 = C2 = 0.1 ~F (one per row) 
01 = 02 = IN4002 or equivalent 
I (V+) - (V-) I = 30V 

HA-5127; HA-5130/5135; HA-5137; HA-5147; 
HA-5177 (TO-99 METAL CAN) 

NOTES: 
R1=1kO±5% 
R2 = 10kO ± 5% 

", 

C2 = C3 = 0.1 ~F (per row or per board) 
01 = 02 = IN4002 or equivalent 
I (V+) - (V-) I = 30V 

HA-5190/5195 (TO-S METAL CAN) 
V' 

c, ., 

", 

", 
NOTES: 
R1 = R2 = 1kO 
R3 = 10kO v-
C1 = C2 = 0.1~F per socket 
01 = 02 = IN4002 or equivalent (per board) 
I (V+) - (V-) I = 30V 

v • . , 

HA-5127; HA-5130/5135; HA-5137; HA-5147; 
HA-5177 (CERAMIC MINI-DIP) 

v-

NOTES: 
R1 = 1kO ± 5% 
R2 = 10kO ± 5% 

", 

C2 = C3 = 0.1 ~F (per row or per board) 
01 = 02 = IN4OO2 or equivalent 
I (V+) - (V-) I = 30V 

HA-5144; HA-5154 

NOTES: 
R1=1kO±3% 
R2= 10kO ± 3% 
R3= 1kO ± 5% 
C1 = C2 = 0.D1 ~F (Min) 
01 = 02 = IN4002 
I (V+) - (V-) I = 30V 

HA-5320 

-15V~r-...--+-+-i 
D2 

NOTES: 
R1 = 10kO 
01 = 02 = IN4002 
C1 = C2 = O.01~F 
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HA-5330 HA-5330 (LCC) 

" " 
• ., L~~ i~NJ l;j ;~J L~t .. _ 
~JOFFSETADJ. SIG.GNOL!81-----, 

-'5V 

D, 

NOTES: 

f2 +5V n n n n 
OV~ I r-' ~ "'--

f1~~~ 
+5V---+1 : ~ r­
-5V i~ L-.J 

n l I 1114 

OUTPUT 

R, = 510kO ± 5%, 1/2W (per device) 
C, = C2 = 0.1 ~F (per device) 

IT2IT3 T1 _ 12= 1jJs 

T3- T4 = 1jJs 

C3 = 47pF ± 10%, 50V (per device) 
0, = 02 = IN4OO2 or equivalent (per board) 
f2 = 250kHz, TTL levels, 50% duty cycle 
11 = 125kHz, +5V to -5V, 50% duty cycle 

HC-5502A VB+ (+l2V)+O.OlPF Cl 

NOTES: 

~J He 

~]OFfSET ADJ. 

:JNC 

R, = 510kO ± 5%, 1/2W (per device) 
C, = C2 = 0.1 ~F (per device) 
C3 = 47pF ± 10%, 50V (per device) 
0, = 02 = 1N4002 or equivalent (per board) 
12 = 250kHz, TTL levels, 50% duty cycle 
11 = 125kHz, +5V to -5V, 50% duty cycle 

HC-5504 Vs+ (+12V)+o.OlPF CT 

NOTES: NOTES: 

" 

AAI"I preinSsistnoortSs'pOe%cilied leave open 5V r-1 r-1 ~pf2_')'6.66m' All resistors 10% 
o--.J ~P------l~ All pins not specified leave open ~~) l6.66m3 

C, = C2 = 0.01 ~F (per socket) or 0.1 ~F (per row) ~') C, = C2 = 0.01 ~F (per socket) or 0.1 ~F (per row) ~') 
C3 = O.3~F; 30VOC (Min) f* --P--; p. 4 M'" C3 = 0.3~F; 30VDC (Min) I---P---; p. 4 M'" 

11 = 1 1240Hz, 0-5V square wave, TTL level, 50% duty cycle 11 = 1/240Hz, 0-5V square wave, TTL level, 50% duty cycle 
12 = 60Hz, 0-5V square wave, TTL level, 50% duty cycle 12 = 60Hz, 0-5V square wave, TTL level, 50% duty cycle 
0, = 02 = transient protection 0, = 02 = transient protection 

".r~--------------------------------" 
HC-5512; HC-5512A; HC-5512D 

f2>--...;..j 
USEO.1J,1f 

FOR DRIVER VFXI-

GSX 

VFRO 

PWRI 

OUTPUT _-~-"-I 

" 
15 

GNDA 

CLK 14 

PON 
n 

CLKO 
12 

f1 

241 DRIVER 
USE 47DpF 

-'vo-~-~'i I-''--t-....,.-o .. v 
0, '--------' 

NOTES: 
11 = TTL, 50% duty cycle 
11 = 100kHz 
12 = 2.0Vp_p at ~1ooHz 
C" C2 = 0.01~F 
0,,02 = IN4oo2 
R, = 6000 

C, 
,01jJ 

HC-55564 

.,v 
0, 

Nle 
4 

AGe m. 
F, e, 

iNc/DEC 

N/e 6 eCK 

N/C 7 Ne GNo 

NOTES: 
11 = 16kHz, TTL levels, 50% duty cycle, square wave 
12 ~ 200Hz (approximate), 3Vp_p 
Sine wave (or triangle wave) 
C, = O.Q1~F 
C2 = 0.1~F 
0, = IN4oo2 
R, = 10kO ± 10%, 1/4W 
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HF-10 

6 8A1B AGND 15 
0.0'+ -=-

7 VA+ VA- 14 -5V 

Vo+ VO- 13 1 
50/100/Cl 12 0.01 

f-=1ClKA ClKB ~S2 
NOTES: 
S1 ~ 1 kHz. 5.0Vp_p sine wave 
S2 ~ 100kHz. clock. +5V to GNO 
All caps are in ~F 

HI-200 

NOTES: 
R1 ~ R2 = 10kO 
C1 ~ C2 ~ 0.1 ~F (one per row) 
01 ~ 02 ~ 1N4002 or equivalent 
I (V+) - (V-) 1= 30V 

HI-201HS 

" 

NOTES: 

v. 

R1 ~ R2 = R3 = R4 ~ 10kO ± 5%. 1/4 or 1/2W 
C1 ~ C2 = 0.1 ~F (one per row) or 0.Q1 ~F (one per socket) 
01 ~ 02 = IN4002 or equivalent (one per board) 
I (V+) - (V-) 1= 30V 

v-

0, 

" 

HI-200 

-=-

v-

" ., 
-=- -=-

NOTES: 
R1 ~ R2 ~ 10kO 
C1 ~ C2 ~ 0.1~F (one per row) 
0, ~ 02 = IN4002 or equivalent 
I (V+) - (V-) I ~ 30V 

HI-201 

A, 

NOTES: 
R1 ~ R2 = R3 = R4 ~ 10kO 
C1 = C2 = 0.1~F 

Dun 

01 ~ 02 ~ IN4002 or equivalent 
I (V+) - (V-) 1= 30V 

HI-300; HI-305 

NOTES: 

" ., 
NC NC 

ONO • v 

NC NC 

'N' IN, 

OUl2 OUTl 

-v VREF 

R1 = R2 = RS = R4 ~ 10kO ± 5%, 1/4 or 1/2W 
C1 ~ C2 ~ 0.Q1 ~F (per socket) or 0.1 ~F (per row) 
01 ~ 02 ~ IN4002 (per board) 
I (V+) - (V-) I ~ 30V 
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14 

" 
12 

" 
10 

VREf 

(O.EM' 

C, 

-=-

A, 

V • 

0, 

-=-

., 

A, 

v+ 

0, 

0, 



HI-300 

., ., 
v. v-

NOTES: 
R, = R2 = 10kCl ± 5%, '/4 or 1/2W 
C, = C2 = 0.01 ~F (per socket) or 0.1 ~F (per row) 
0, = 02 = IN4002 (per board) 
I (V+) - (V-) I = 30V 

HI-301; HI-305 

NOTES: 
R, = R2 = 10kCl ± 5% (per socket) 
C, = C2 = 0.0' ~F (per socket) or 0.1 ~F (per row) 
0, = 02 = IN4002 equivalent (per board) 
I (V+) - (V-) I = 30V 

HI-304 

NOTES: 
R1 = R2 = 'OkCl ± 5% (per socket) 
C1 = C2 = 0.01 ~F (per socket) or 0.' ~F (per row) 
0, = 02 = IN4002 or equivalent (per board) 
I (V+) - (V-) I = sov 

" 

" 

., 

., 

HI-301 

NOTES: 
R1 = R2 = RS = R4 = 10kCl ± 5% (per socket) 
C1 = C2 = 0.01 ~F (per socket) or 0.1 ~F (per row) 
01 = 02 = IN4002 equivalent (per board) 
I (V+) - (V-) I = aov 

HI-302; HI-303 

NOTES: 
R, = R2 = Ra = R4 = 10kCl ± 5%, 1/4 or '/2W 
C, = C2 = 0.01 ~F (per socket) or 0.1 ~F (per row) 
0, = 02 = IN4002 (per board) 
I (V+) - (V-) I = 30V 

HI-304 

., ., 
v. 

NOTES: 
R1 = R2 = 'OkCl ± 5% (per socket) 
C, = C2 = 0.01 ~F (per socket) or 0.1 ~F (per row) 
01 = 02 = IN4002 or equivalent (per board) 
I (V+) - (V-) I = aov 
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v. 

., 

., 

" 

v-



~ . HI-306; HI-307 

NOTES: 
Rl = R2 = R3 = R4 = IOkO ± 5%, 1/4 or 1/2W 
Cl = C2 = 0.01 ~F (per socket) or 0.1 ~F (per board) 
01 = 02 = IN4002 (per board) 
I (V+) - (V-) I = 30V 

HI-381 

NOTES: v. 
Rl = R2 = 10kO ± 5% (per socket) 
Cl = C2 = 0.D1 ~F (per socket) or 0.1 ~F (per row) 
01 = 02 = IN4002 equivalent (per board) 
I (V+) - (V-) I = 30V 

HI-387 

v. 

v- -::-

V·o-T--~-+-+-~ 1-"1"""-"'-~r----oV-

" 

NOTES: 
Rl = R2 = 10kO ± 5% (per socket) 
Cl = C2 = 0.01 ~F (per socket) or 0.1 ~F (per row) 
01 = 02 = IN4002 or equivalent (per board) 
I (V+) - (V-) I;' 30V 

D, 

" 

" 

• HI-381 

v. 

NOTES: 
Rl = R2 = 10kO ± 5% (per socket) 
Cl = C2 = 0.01 ~F (per socket) or 0.1 ~F (per row) 
01 = 02 = 1N4002 equivalent (per board) 
I (V+) - (V-) I = 30V 

HI-384 

A, 

A, 

A, 

.. 

NOTES: 
Rl = R2 = R3 = R4 = 10kO ± 5%, 1/4 or 1/2W 
Cl = C2 = 0.01 ~F (per sockel) or 0.1 ~F (per row) 
01 = 02 = IN4002 or equivalent (per board) 
I (V+) - (V-) I = 30V 

HI-387 

Rt HZ 

v. 

NOTES: 
Rl = R2 = 10kO ± 5% (per socket) 
Cl = C2 = 0.01 ~F (per socket) or 0.1 ~F (per row) 
01 = 02 = 1N4002 or equivalent (per board) 
I (V+) - (V-) I = 30V 
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HI-390 

., 

., 

., 
•• 

NOTES: 
R1 = R2 = R3 = R4 = 10k!l ± 5%, 1/4 or 1/2W 
C1 = C2 = 0.Q1 ~F (per socket) or 0_1 ~F (per row) 
01 = 02 = IN4002 (per board) 
I (V+) - (V-) I = 30V 

-v 

D, 

.v 

D, 

HI-SOS/HI-S07; HI-SOSAlHI-S07A; HI-S4S/HI-S47 
(Lee) 

IINWU 

J IN1J1il 

It 1111118 

11 IN Sill 

NOTES: 
R1 = R2 10k!l ± 5%, 1/4 or 1/2W (per socket) 
C1 = C2 = 0.01 ~F (per socket) or 0.1 ~F (per row) 
01 = 02 = IN4002 equivalent (per board) 

HI-S08; HI-S08A; HI-S48 (Lee) 

INIII1IA M 

INSI$A n 

IIVll H 

IN 111 ... 11 

r---~~~-------------------o5V 

-15V 

D' 
C1 

NOTES: 

-v 

IN' 

NC 

IN2 

IN 3 

., 
10k 

R1 = 10k!l ± 5%, 1/2 or 1/4W (per socket) 

GND 

.v 

NC 

IN 5 

IN 6 

C1 = C2 = 0.Q1 ~F (per socket) or 0.1 ~F (per row) 
01 = 02 = IN4002 or equivalent (per board) 

18 

+15V 

c, 

14 

HI-SOS/HI-S07; HI-SOSAlHI-S07A; 
HI-S4S/HI-S47 

·V OUT/DUTA 

NC/OUTB -v 
NC IN alBA 

IN 16/88 IN 1f7A 

-=- IN 15f1B IN 6/SA 

IN 14/68 IN 5/5A 

IN 13/5B IN 414A 

IN 12148 IN lilA 

IN 11/38 IN 212A 
10 

IN 10/28 IN IliA 
11 

INglIS EN 
12 

GND 
13 

AU 

14 
NC/VREF A, 

AlINe A, 
.,v 

NOTES: 
R1 = R2 10k!l ± 5%, 1/4 or 1/2W (per socket) 
C1 = C2 = 0_01 ~F (per socket) or 0_1 ~F (per row) 
01 = 02 = IN4002 or equivalent (per board) 

. . 

D' 

HI-S08; HI-S08A; HI-S48 

AD 

EN 

-v 

IN' 

IN' 

IN 3 

A' 
A' 

GNO 

.v 

IN 5 

IN 6 

2B 

2J 

" 
" " 19 

18 

11 

16 

" 

16 

15 

14 

10 

NOTES: 

., 
'Dk 

IN. 

OUT 

R1 = 10k!l ± 5%, 1/4 or 1/2W (per socket) 

IN 7 

IN' 

C1 = C2 = 0.01 ~F (per socket) or 0.1 ~F (per row) 
01 = 02 = IN4002 or equivalent (per board) 

•• HI-S09/HI-S09A; HI-S39; HI-S49 

EN GND 

-v ,y 

IN lA IN fB 

--= IN2A IN2B 

INJA IN3B 

IN4A IN4B 

OUT A OUTa ., 
10k 

NOTES: 
R1, R2 = 10k!l ± 5%, 1/4 or 1/2W (per socket) 
C1 = C2 = 0.Q1 ~F (per socket) or 0.1 ~F (per row) 
01 = 02 = IN4002 or equivalent (per board) 

15 

14 

13 

12 

11 

10 
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HI-509/HI-509A; HI-539; HI-549 (Lee) 
'v 

-15V 
-v 'V 

01 IN 1A IN 18 

NC NC 

IN 2A IN2B 

IN3A IN38 

R1 R2 
10k 10k 

NOTES: 
Rl = R2 10kO ± 5%, 1/4 or 1/2W (per socket) 
Cl = C2 = 0.01 ~F (per socket) or 0.1 ~F (per row) 
01 = 02 = IN4002 or equivalent (per board) 

HI-516 (LeC) 

e INl4/88 

7 IN 13/58 

"N12(48 

91Nl113B 

10,N10128 

111N9I1B 

NOTES: 
Rl, R2 = 10kO 
Cl, C2, Cs = 0.01 ~F 
01, 02, 03 = IN4002 

HI-518 (Lee) 

" 

ou. . 
IN 1/48 

IN 1138 

IN 6/28 

IN 5/19 

NOTES: 

.y '" .y , 
IN 4/48 

INJIJB 

INV28 

IN 1118 

Rl = R2 = 10kO ± 5%, 1/4 or 1/2W (per socket) 

18 

17 

16 

" 
14 

INeI6A 24 

IN5IIiA 23 

IN ""'A 22 

IN3I3A 21 

IN21M 20 

IN111A 11 

c, 

Cl = C2 = 0.01 ~F (one per socket) or 0.1 ~F (one per row) 
01 = 02 = IN4002 or equivalent (per board) 

+1SV 

C2 

HI-516 

NOTES: 
Rl, R2 = 10kO 
Cl' C2, Cs = 0.01 ~F 
01,02, Os = IN4002 

HI-518 

+15V 

C, 

NOTES: 

NC 

IN 15/7B 

IN 14/6B 

IN 12/4B 

IN 11/38 

IN10/2B 

IN9/1B 

GND 

VDD/LLS 

" A3/SDS 

Rl = R2 = 10kO ± 5%, 1/4 or 1/2W 

OUT A 28 

-v 
INS/SA 

IN7/7A 

IN6I8A 

INS/SA 23 

IN4/4A 22 

IN3/3A 21 

IN2/2A 20 

IN1/1A I. 

EN I. 

AD 17 

AI I. 

A2 " 

Cl = C2 = 0.01 ~F (one per socket) or 0.1 ~F (one perrow) 
01 = 02 = IN4002 or equivalent (per board) 

HI-524 

NOTES: 
Rl = R2 =10kO ± 5%, 1/4 or 1/2W (per socket) 
Cl = C2 = 0.01 ~F (one per socket) or 0.1 ~F (one per row) 
01 = 02 = IN4002 or equivalent (per board) 
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NOTES: 

HI-524 (Lee) 

+ 15V 

~] SIG GND SIG GNDI17 ,-
~]IN4 

~J SIG OND SIG GND L~5 

81IN3/sUfPLYGNO INlf14 

-.j .. .!.. r~1, .!'!.c., .. ~., .. ~., 1.-
191 1t0I 1111 1121 1131 

R, ; R2; 10kO ± 5%, 1/4 or 1/2W (per socket) 
C, ; C2 ; 0.01 ~F (one per socket) or 0.1 ~F (one per row) 
DI = 02 = IN4oo2 or equivalent (per board) 

HI-562A (Lee) 

+15V iO 

81142& 

" +10V I) VREFHIIN sirs 24 

~15V 7 VEE 8116 23 

" , "' HI·562A 
NC 22 

g BIPOl.ARRIN BIH 
ZI 

10SIPOLARRQUT BITS ZO 

BI112 BIT9 " 

NOTES: 
C, = C2 ; C3 ; 0.01 ~F (per socket) or 0.1 ~F (per row) 
0, = 02 = 03 = IN4oo2 or equivalent (per board) 
10 = 100kHz; TIL levels 50% duty cycle 

HI-574A; HI-674A, HI-774 

.,v .,v STS 

01 C1 2 DATA MODE 
OB11 SelECT U/i 

CHIP SELECr cs 0810 

-=- -=-
, BYTE ADO/SHORT 

DB9 CYCLE AD 

f, READ/CONVERT RIC DB' 

CHIPENA8LE CE DB7 
+15V 

+15V DB. 

DZ 
, 

+IDV REf OUT DB, , 
ANAlOG GND DB4 

-::- -=- 10 REF IN DB' 
-15V 11 -15V DB2 

OJ C3 
12 BIPOLAR OFF 081 

V'N Il IOVSPAN DB. 
NOTES: Ne " 20VSPAN DIGITAL GNO 

R, thru RI3 = lOkI) 
C" C2, C3 = O.I~F 
0,,02,03; IN4oo2 
VIN = tri.-qle wave, +5V 10 -5V, I kHz 
10 = s~ _dre wave, 10kHz, 90% duty cycle, OV to 5V 

28 

27 

26 

" 
24 

" 
" 
21 

20 

19 

19 

" 
.IS 

" 

c, 

'" 
'12 

'" 
'10 

" R8 

R1 

R6 

R5 

" 
R3 

R2 

" 

NOTES: 
C, = C2 = C3 = 0.01 ~F (per socket) or 0.1 ~F (per row) 
0, ; 02 ; 03 = IN4002 or equivalent (per board) 
10 ; 100kHz; TIL levels 50% duty cycle 

HI-565A 

+-15V 

01 01 

-=-
-15V 

03 C3 

-=-

NOTES: 

C" C3 = O.OI~F 
0,,03 = IN4002 
I, = 100kHz 

-=-

2 NO 

3 v .. ' 

4 REF. OUT 

5 ANALOG aND 

6 REF. IN 

7 v .. -

B BIPOLAR 
OFFSET IN 

• OAe OUT ,. 
lOV SPAN Rl 

11 20V SPAN R 

12 P.S. GND 

(MSB) BIT 1 

3 

5 

7 

8 

• ,. 
11 

(LSa) BIT 12 

2' 

23 

22 

21 

2. 

1. 

1B 

17 

16 

15 

,. 
13 

HI-574A; HI-674A; HI-774 (Lee) 

NOTES: 
R, thru R,3; 10kO 
C" C2' C3 = O.I~F 
0,,02,03 = lN4oo2 
VIN ; triangle wave, +5V to -5V, I kHz 
fO = square wave, 10kHz, 90% duty cycle, OV to 5V 
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HI-1818A 

+5V +5V +5V 

C' AI AD 

VL -v 
+5V EN +V 

+5V A2 IN 1 

IN B DUT 

IN 1 IN 2 

IN 6 IN3 

IN 5 IN. 

NOTES: 
R, = 20kCl ± 5%. , /4 or , /2W (per socket) 
C,. C2. C3 = 0.0' ~F (per socket) or 0.' ~F (per row) 
0,. 02. 03 = IN4oo2 or equivalent (per board) 

HI-1828A 

'5V ·,v 
'5V 

C, 
A' AD 

-v 15 
VL 

EN +v 
,. 
13 

OUT 5 THRU 8 IN' 

IN 8 OUT 1 THRU 4 
'2 

IN 7 IN 2 
11 

'0 IN 6 IN 3 

IN5 IN. 
9 

NOTES: 
R,. R2 = 20kCl ± 5%. , /4 or , /2W (per socket) 
C,. C2. C3 = 0.Q1 ~F (per socket) or 0.' ~F (per row) 
0,. 02. 03 = IN4oo2 or equivalent (per board) 

HI-S040 Thru HI-SOS1 

R3 

R4 

NOTES: 
R, thru R4 = 'OkCl ± 5% 
C,. C2. C3 = 0., ~F 
0,.02.°3 = IN4oo2 
VL = +5V 
A, = A2 = +5V 
I (V+) - (V-) 1= 30V 

-,5V 

+T5V 

HI-1818A (Lee) 

.,v .IV 

I, C, D' 

20 19 

VL A' NC M -v 
·,v EN w 

·,v A2 IN' 

NC NC 

IN 8 DUT 

IN 7 IN 2 

NOTES: 
R, = 20kCl ± 5%. ,/4 or '/2W (per socket) 
C,. C2. C3 = 0.0, ~F (per socket) or 0., ~F (per row) 
0,. 02. 03 = 1N4002 or equivalent (per boara) 

HI-1828A (Lee) 

·,v .,v 
.5V 0-.---.--------, 

C1 

.5V W 

OUT 5 THRU 8 IN' 

R' NC NC 

IN B OUT 1 THRU 4 

IN 7 IN 2 

NOTES: 
R,. R2 = 20kCl ± 5%. ,/4 or '/2W (per socket) 
C,. C2. C3 = 0.Q1 ~F (per socket) or 0.' ~F (per row) 
0,.02. 03 = 1N4002 or equivalent (per board) 

HI-S618A/HI-S6188 

+15Vo--.-_p----, 

18 

17 

'6 
15 

,. 

18 

17 

16 

" 
14 

+v .. BIT 1 (MSB) 

BI12 

3 VREF (HI) 81T3 +10V 

-v .. 81T4 

BIPOLAR A IN BIT5 

-15V lOUT BIT6 

10V SPAN R BIT 7 

20VSPAN R BIT 8 (MSa) 

C2 

C3 

C3 

'8 

17 

'6 ,. 
,. 
'3 

'2 

" 
GND vREF (LO) 10 

NOTES: 

C,. C2. C3 = O.'~F 
0,. 02. 03 = IN4OO2 or similar 
" = ,ookHz. TIL level. 50% duty cycle 
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HI-5660/HI-5660A 

+15V 0--..... ---..... --'-1 

+10Vo--.... ---+~-=~ 

-15V 0--"""-4r--+~"""::~ 

NOTES: 
C" C2, C3 = 0.Q1 ~F 
0,,°2,°3 = 1N4002 
10 = , OOkHz, 50% duty cycle 

HI-5687(V) 

6,]VREF. 24 'n 
'" GAIN ADJUST. 23 

I-"=-.----ofo 

j-!:!---*-OfO 

+VCCI-';'-: -+------.--+--{) 

SUMMING JUNCTION 2B 

REF INPUT 

vOllTI-'''4-AN--O 

" 

" 
Yo, i-"---f--f-----.--+--{) 

NOTES: 
R, = 2.0kl1 ± 5%, ,/4 or 1/2W 
C" C2, C3 = 0.0, ~F (one each per socket) 
01, 02, 03 = 1N4002 (one each per board) 'a = , OOkHz, TIL logic levels '6 = '0/64, TIL logic levels 
'1 = '0/2 '7 = '0/12S 
'2 = '0/4 'S = '01256 
'3 = 'o/S '9 = '0/512 
'4 = '0/16 Ito = '01,024 

'5 = '0/32 '" = '012048 

HI-5697(V) 

f" BITI 6.3VREF 
24 

flO BIT2 GAINAOJ " 
f, BIT'3 +Vcc 22 

BIT 4 GNO 
21 

f, BIT5 SUMMING 20 
JUNCTION 

BITS 20V RANGE " 
BIT1 IOV RANGE 18 

f. BITS SIP.Off 17 

f, BIT9 REF INPUT 
,. 

" 81110 VOUT 
15 

BIT 11 -VEE 
,. 

'0 BIT 12 NC 
13 

NOTES: 
R, = 2kl1 ± 5%, ,/2W 
C, = C2 = 0.0' ~F (per socket) or 0.1 ~F (per row) 
0, = 02 = IN4002 or equivalent (per board) 

R' 

-::-

'0 = , OOkHz, TIL levels '6 = '0164, TIL levels 
" = '0/2 50% duty cycle 17 = '0/12S 50% duty cycle 

'2 = '0f4 'S = '01256 
'3 = 10/S '9 = '0/5,2 
'4 = '0/'6 "0 = '01'024 

'5 = '0/32 '" = '0I204S 

," 
" 

+15V 

C' 

C2 

+15V 

HI-5687(1) 

10/2048 
, 

BIT 1 (MSS) 6.3V REF 2. 

1011024 " 2 GAIN ADJ 23 

10/512 " 3 +Vps 22 

10/256 " 4 GND 2' 

10/128 " 5 
SCALING 

NETWORK 
20 

f0l64 " 6 SCALING '9 
NETWORK 

10/32 " 7 SCALING '8 
NETWORK 

fO/16 " 8 BIPOLAR OFFSET 17 

f0/8 " 9 REF INPUT '6 

fo/. '0 " 10 lOUT '5 C2 

f0/2 " "11 -V .. 
,. 
~"----+-~--<~-<>-'5V 

fO 12 BIT 12 (LSB) LOGIC '3 
SUPPLY I-'~--+-..... -.--<> +5V 

NOTES: 
C1, C2, C3 = 0.Q1 ~F 
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HI-5697(V) (Lee) 
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10 = , OOkHz, TIL levels 16 = '0164, TIL levels 
It = 

'
0/2 50% duty cycle 17 = 10/12S 50% duty cycle 

'2 = 10/4 IS = 101256 
13 = loiS 19 = '0/512 

'4 = '0/'6 '10 = '011024 

'5 = '0132 '" = '0I204S 
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A SIMPLE COMPARATOR USING THE HA-2620 

G. G. Miller 

The input current and impedance of a 
comparator circuit frequently loads the 
source and reference signals enough to 
cause significant errors. This problem 
is frequently eliminated by using a 
high impedance operational amplifier 
between the signal and the comparator. 
Figure 1 shows a simple circuit in which 
the operational amplifier is used as a 
comparator which is capable of driving 
approximately ten logic gates. The in­
put impedance of the HA·2620 is typi­
cally 500 M.Q. The input current is 
typically 1 nA. The minimum output 
current of 15 rnA is obtainable with an 
output swing of up to ±10 volts. 

+1?V 

VINo--~+---"" 
[ ;yHA-262 "'"---'1--+ VOUT 

...- 4.7KD 

IN9~6 1.2KD 
V REFERENCE -15V '---i<II .......... 

IN916 270D 

FIGURE 1 - HIGH IMPEDANCE COMPARATOR 

The bandwidth control point is a very 
high impedance point having the same 
voltage as the amplifier output. The 
output swing can be conveniently lim­
ited by clamping the swing of the band­
width control point. The maximum 
current through the clamp diodes is 
approximately 300 tIA. The switching 

time is dependent on the output voltage 
swing and the stray capacitance at the 
bandwidth control point. 
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Figure 2 shows the waveforms for the 
comparator. The stray capacitance at 
the bandwidth control point can be 
reduced considerably below that of the 
breadboard circuit; this would improve 
the switching time. The switching time 
begins to increase more rapidly as the 
overdrive is reduced below 10 mV and 
is approximately 1 tIs for an overdrive of 
5 mV. Dependable switching can be 
obtained with an overdrive as small as 
1 mV. However, the switching time 
increases to almost 12 tIs. 

/ 1\ 
~o~*~~~~~~~*\~~~ o 
> -VIN = 50mV/DIV.+--+--t-+--+--t 

o I I I 

HORIZONTAL SWEEP RATIO = 500ns/DIV 

FIGURE 2 - WAVEFORMS FOR 
HA-2620 COMPARATOR 

A common mode range of ±11 volts and 
a differential input range of ±12 volts 
makes the HA-2620 a very versatile 
comparator. The HA-2620 can sink or 
supply a minimum of 15 rnA. The abil­
ity to externally clamp the output to 
any desired range makes the HA-2620 a 
very flexible comparator which is cap­
able of driving unusual loads. 
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THE HA-2400 PRAM FOUR 
CHANNEL OPERATIONAL AMPLIFIER 

By Don Jones 

Introduction 

Harris Semiconductor has announced a new 
linear device, the HA-2400/HA-2405 Four 
Channel Operational Amplifier. This com­
bines the functions of an analog switch and a 
high performance operational amplifier, and 
makes practical a large number of new linear 
circuit applications. 

V+ v- GND CDMP r - - 0-0-0- ---.., 

h:+ 
I ANALOG 

~ SWITCH 

, 
I 
I , , 
I ANALOG I 

INPUTS~ I 

~
; : ~ : OUTPUT 

+ I I 
I -INPUT DECODE/ , 

, DIFFERENTIAL CONTROL I 
L 2R~P.!.!!I!!!J _ _ ___ ...J 

DO 01 ENABLE 

DIGITAL INPUTS 

A functional diagram of the HA-2400 is 
shown above. There· are four preamplifier 
sections, one of which is selected through the 
DTL/TTL compatible inputs and connected 
to the output amplifier. The selected analog 
input terminals and the output terminal form 
a high performance operational amplifier. 

In actuality, the circuit consists of four con­
ventional op-amp input circuits connected in 
parallel to a conventional op-amp output 
circuit. The decode/control circuitry furnishes 
operating current only to the selected input 
section. 
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Circuit Connections 

These input control the selection of the amp­
lifier input channels in accordance with the 
truth table below: 

BANDWIDTH SLEW RATE 
GAIN. VOLTSIVOLT CCOMP (TYPICAL) (TYPICAL) 

NON-INVERTING INVERTING I pF (-3d B). MHz VOLTS/I" S 

1 - 15 8.0 15 
2 1 7 8.0 20 
3 2 4 8.0 22 
5 4 3 6.0 25 
8 7 2 5.0 30 

>10 >9 0 40 + GAIN 50 

The digital inputs can be driven with any DTL 
or TTL circuit which uses a standard +5.0V 
supply. 

Compensation 

Frequency compensation for closed ioop sta­
bility is recommended for closed loop gains 
less than 10. This is accomplished by con­
nection of a single external capacitor from 
Pin 12 to A. C. ground (the V+ supply is rec­
commended). The following table shows the 
minimum suggested compensation for various 
closed loop gains, with the resultant band­
width and slew rate. Obviously, when the 
four channels are connected with different 
feedback networks, the channel with the 
lowest closed loop gain will govern the re­
quired compensation. 

01 00 I ENABLE IICHANNEL 1 CHANNEL 2 CHANNEL J I CHANNEL 4 

L L H ON OFF OFF OFF 
L H H OFF Q!! OFF OFF 
H L H OFF OFF ON OFF 
H H H OFF OFF OFF ON 

lor H Lor H L OFF OFF OFF OFF 

ov~ l :<+O.8V +2.0V::::H2':+5.0V 

Compensation capacitors of greater value can 
be used to obtain lower bandwidth, greater 

~ ..... 
It) 

W 
I­o 
Z 
a.: 
Q. 
<C 



phase margin, and reduced overshoot, at the 
expense of proportionately reduced slew rate. 

External lead·lag networks could also be used 
to optimize bandwidth and/or slew rate at a 
particular gain. 

Applications 

Any circuit function which can be con­
structed using a convef:ltional operational 
amplifier can also be constructed using any 
channel of the HA-2400. Similar or different 
networks can be wired from the output to 
each channel input pair. The device can 
therefore be used to select and condition 
different input signals, or to select between 
different op-amp functions to be performed 
on a single input signal. 

To wire a particular op-amp function to a 
channel, simply connect the appropriate net­
work between the two inputs for that channel 
and the common output in the same manner 
as in wiring a conventional op-amp. It is 
often possible to design with fewer external 
components than would be required in wiring 
four separate op-amps (see Application Num­
bers 2and 3 on the following pages). It should 
be remembered that the networks for unse­
lected channels may still constitute a load at 
the amplifier output and the signa I input, as 
if the unselected input terminals were discon­
nected from the network. 

If offset adjustment is required, it can gener­
ally be accomplished by resistive summation 
at either of the inputs for each channel (see 
Application Number 8). 

The analog input terminals of the OFF chan­
nels draw the same bias current as the ON 
inputs. The maximum differential input volt­
age of these terminals must be observed and 
their voltage lEvels must never exceed the 
supply Voltages. 

When the Enable input is held low, all four 
input channels are disconnected from the 
output. When this occurs, the output voltage 
will generally slowly drift towards the nega­
tive supply. If a zero volt output condition 
is required, one channel should be wired as a 
voltage follower with its positive input ground­
ed. 

The amplitier output impedance remains low, 
even when the inputs are disabled; so it' is not 
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generally practical to wire the outputs of two 
or more devices directly together. The com­
pensation pins of two devices, however, could 
be wired together to produce a switch with 
one output and more than four input channels. 

The voltage at the compensation pin is about 
O.7V more positive than the output sig­
nal, but has a very high source impedance. 
Maximum current from ,this pin is about 
3001lA, which makes it a convenient point for 
limiting the output swing through clamping 
diodes and divider networks (see Application 
Number 13). 

Even if the application only requires a single 
channel to be switched on and off, it is often 
more economical to use the HA-2400, rather 
than a separate analog switch and high perfor­
mance op-amp. Unused analog channel inputs 
should be grounded. Unused digital inputs 
may be wired to ground for a permanent 
"low" input, or either left open or wired to 
+5.0V for a permanent "high" input. 

Illustrated on the following pages are a few of 
the thousands of possible applications for the 
Four Channel Operational Amplifier. These 
will give the reader a general impression of 
how the units can be connected; and probably 
will help generate many other ideas for appli­
cations. Also included are some "challenges" 
for the reader to modify the illustrated designs 
to perform different functions. 

Applications No.1 

''''' 
>--iJ-----,r--o OUT 

ANALOG MULTIPLEXER WITH BUFFERED INPUT 
AND OUTPUT 

This circuit is used for analog signal selection 
or time division multiplexing. As shown, the 
feedback signal places the selected amplifier 
channel in a voltage follower (non-inverting 
unity gain) configuration, and provides very 
high input impedance and low output imped­
ance. The single package replaces four input 
buffer amplifiers, four analog switches with 
decoding, and one output buffer amplifier. 



For low level input signals, gain can be added 
to one or more channels by connecting the 
(-) inputs to a voltage divider between output 
and ground. Bandwidth is approximately 
8 MHz, and the output will slew from one 
level to another at about 15.0V per micro­
second. 

Expansion to multiplex 5 to 12 channels can 
be accomplished by connecting the compen­
sation pins of two or three devices together, 
and using the output of only one of the 
devices. The Enable input on the unselected 
devices must be low. 

Expansion to 16 or more channels is accom­
plished in a straightforward manner by con­
necting outputs of 4 four-channel multi­
plexers to the inputs of another four-channel 
multiplexer. 

Differential signals can be handled by two 
identical multiplexers addressed in parallel. 

I nverting amplifier configurations can also be 
used, but the feedback resistors may cause 
crosstalk from the output to unselected inputs. 

Applications No.2 

'NPUT 

} D'G"" 
CONTROL 

'50' 

AMPLIFIER. NON-INVERTING PROGRAMMABLE GAIN 

This is a non-inverting amplifier configuration 
with feedback resistors chosen to produce a 
gain of 0, 1, 2, 4, or 8 depending on the 
Digital Control inputs. 

Comparators at the output could be used for 
automatic gain selection for auto-ranging me­
ters, etc. 

CHALLENGE: Design a circuit using only 

10-13 

two HA-2400's which can be programmed to 
any of 16 different gains. 

Applications No.3 

AMPLIFIER. INVERTING PROGRAMMABLE GAIN 

The circuit above can be programmed for a 
gain of 0, -1, -2, -4 or -8. 

This could also have been accomplished with 
one input resistor and one feedback resistor 
per channel in the conventional manner, but 
this would require eight resistors rather than 
five. 

Applications No.4 

INPUT 
Z-800D 

}
OOG"" 
COIIITROl 

' .. ' 

ATTENUATOR PROGRAMMABLE 

This circuit performs the function of dividing 
the input signal by a selected constant (1, 2, 
4, 8, or 00 as illustrated). To multiply by a 
selected constant, see circuit No.2. While T, 
7T' , or L sections could be used in the input 
attenuator, this is not necessary since the 
amplifier loading is negligible and a constant 
input impedance is maintained. The circuit 
is thus much simpler and more accurate than 
the usual method of constructi ng a constant 
impedance ladder and switching sections in 
and out with analog switches. 

Two identical circuits may be used to attenu­
ate a balanced line. 

.q ,... 
It) 

W 
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Applications No.5 

,., 
'NY 

ADDER/SUBTRACTOR PROGRAMMABLE FUNCTION 

The circuit shown above can be programmed 
to give the output functions -K 1 X, -K2Y, 
-(K3X + K4Y)' or K5X - K6Y. Obviously, 
many other functions of one or more variables 
can be constructed, including combinations 
with analog multiplier or logarithmic modules. 

This device opens up many new design ap­
proaches in digitally controlled analog com­
putation or signal manipulation. 

Applications No.6 

>-.--D--T-<>OUTf'UT 

PHASE SELECTOR/PHASE DETECTOR/ 
SYNCHRONOUS RECTIFIER/BALANCED MODULATOR 

This circuit passes the input signal at unity 
gain, either unchanged, or inverted depending 
on the Digital Control input. A buffered 
input is shown, since low source impedance 
is essential. Gain can be added by modifica­
tions to the feedback networks. Signals up to 
100 kHz can be handled with 20.0V peak-to­
peak output. The circuit becomes a phase 
detector by driving the Digital Control input 
with a reference phase at the same frequency 
as the inpllt signal, the average D. C. output 
being proportional to the phase difference, 
with zero volts at +900. By connecting the 
output to a comparator, which in turn drives 
the Digital Control, a synChronous full-wave 
rectifier is formed. 
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With a low frequency input signal and a high 
frequency digital control signal, a balanced 
(surpressed carrier) modulator is formed. 

Applications No.7 

V'N 

>-IJ--~OUT 

INTEGRATOR/RAMP GENERATOR 
WITH INITIAL CONDITION RESET 

It is difficult in practice to set the initial 
conditions accurately in an integrator. This 
usually requires wiring contacts of a mechan­
ical relay across the capacitor - - leakage cur­
rents of solid state switches produce integra­
tion inaccuracy. The scheme shown above 
eliminates these reliability and accuracy prob­
lems. 

Channell is wired as a conventional integra­
tor, Channel 2 as a voltage follower. When 
Channel 2 is switched on, the output will 
follow VIN, and C will discharge to maintain 
zero volts across it. When Channell is then 
switched on the output will initially be at the 
instantaneous value of VIN, and then will 
commence integrating towards the opposite 
polarity. This circuit is particularly suitable 
for timing ramp generation using a fixed D. C. 
input. Many variations are possible, such as 
programmable time constant integrators. 

Applications No.8 

[I----+-----Q+15V 

>----Ill----f--<> OUTPUT 

TRACK AND HOLD/SAMPLE AND HOLD 

Channel 1 is wired as a voltage follower and 



is turned on during the track/sample time. 
If the product of R x C is sufficiently short 
compared to the period of maximum output 
frequency, or sample time, C will charge to 
the output level. Channel 2 is an integrator 
with zero input signal. When Channel 2 is 
then turned on, the output will remain at the 
voltage across C. 

Applications No.9 

1 
f--

211"RC 

An even simpler circuit can be made by wiring 
one· channel as an amplifier, choosing the 
compensation capacitor to yield the minimum 
required bandwidth or slew rate. When the 
Enable input is pulled low, the output will 
tend to remain at its last level, because of the 
charge remaining on the compensating capa­
citor. 

'-'===--t~- } = 

SINE WAVE OSCILLATOR PROGRAMMABLE FREOUENCY 

Any oscillator which can be constructed using 
an op-amp, such as the twin-T, phase shift, 
crystal controlled types, etc. can be made 
programmable by using the HA-2400. Illustra­
ted above is a Wien Bridge type, which is very 
popular for signal generators, since it is easily 
tunable over a wide frequency range, and has 
a very low distortion sine wave output. 
The frequency determining networks can be 
designed from about 10Hz to greater than 
1 M Hz. Output level is about 6.0V RMS. 
By substituting a programmable attenuator 
(Circuit No.4) for the Buffer Amplifier, a 
very versatile sine wave source for automatic 
testing, etc. can be constructed. 

CHALLENGE: A high Q, narrow band filter 
can be made by feeding back greater than 
1/3 of the output to the negative input. 
Design a circuit using the HA-2400 and an 
RC network which can be programmed either 
to generate or to detect an audio tone of the 
same frequency. Such a circuit would be 
quite useful for data communications. 
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MULTIVIBRATOR. FREE RUNNING. 
PROGRAMMABLEFREOUENCY 

This is the simplest of any programmable 
oscillator circuit, since only one stable timing 
capacitor is required. The output square 
wave is about 25.0V peak-to-peak and has 
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rise and fall times of about 0.5 Jl s. If a pro­
grammable attenuator circuit (No.4) is placed 
between the output and the divider network, 
16 frequencies can be produced with two 
HA-2400's and still only one timing capacitor. 

A precision programmable square-triangle gen­
erator can also be constructed by adapting 
circuit described in Harris Application Note 
507 to the HA-2400. 

Applications No. 11 

ACTIVE FILTER PROGRAMMABLE 

Shown above is a second order low pass filter 
with programmable cutoff frequency. Th is 
circuit should be driven from a low source 
impedance since there are paths from the out­
put to the input through the unselected net­
works. 

Virtually any filter function which can be 
constructed with a conventional op-amp can 
be made programmable with the HA-2400. 

A useful variation would be to wire one chan­
nel as a unity gain amplifier, so that one could 
select the unfiltered signal, or the same signal 
filtered in various manners. These could be 
cascaded to provide a wide variety of program­
mable filter functions. 

Applications No. 12 

POWER SUPPL V PROGRAMMABLE 

10-16 

Many systems require one or more rela­
tively low current voltage sources which can 
be programmed to a few predetermined levels. 
It is no longer necessary to purchase a pro­
grammable power supply with far more capa­
bility than needed. The circuit shown above 
produces positive output levels, but could be 
modified for negative or bipolar outputs. 
01 is the series regulator, transistor, selected 
for the required current and power capability. 
Rl, 02 and 03 form an optional short circuit 
protection circuit, with R 1 chosen to drop 
about 0.7V at the maximum output current. 
The compensation capacitor, C. should be 
chosen to keep the overshoot, when switching, 
to an acceptable level. 

CHALLENGE: Design a supply using only 
two HA-2400's which can be programmed to 
16 binary weighted (or 10 BCD weighted) 
output levels. 

Applications No. 13 

COMPARATOR, FOUR CHANNEL 

When operated open loop without compensa­
tion, the HA-2400 becomes a comparator 
with four selectable input channels. The 
clamping network at the compensation pin 
limits the output voltage to allow DTL or TTL 
digital circuits to be driven with a fanout of 
up to ten loads. 

Output rise and fall times will be about 100ns 
for differential input signals of several hundred 
millivolts, but will be in the microsecond 
region for small differential signals. 

The circuit can be used to compare several 
signals against each other or against fixed 
references; or a single signal can be compared 
against several references. A "window com­
parator", which assures that a signal is within 
a voltage range, can be formed by monitoring 
the output polarity while rapidly switching 
between two channels with different reference 
inputs and the same signal input. 
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ANALOG 
INPUT 

DIGITAL INf'UT 

~ 

t--~--,...-o OUTPUT 

'" ~--------------~ 
", 

MULTIPLYING 0 TO A CONVERTER 

The circuit above performs the function, 
VOUT = VIN . 1~' where N is the binary 
number from ° to 15 formed by the digital 
input. If the analog input is a fixed D.C. 
reference, the circuit is a conventional 4-bit 
D to A. The input could also be a variable or 
A.C. signal, in which case the output is the 
product of the analog signal and the digital 
signal. 

The circuit on the left is a programmable 
attenuator with weights of 0, 1/4, 1/2 or 3/4. 
The circuit on the right is a non-inverting 
adder which adds weights to the first output 
of 0,1/16, 1/8 or 3/16. 

If four quadrant multiplication is required, 
place the Phase Selector circuit (No.6) in 
series with either the analog input or output. 
The DO input of that stage becomes the 
+ or - sign bit of the digital input. 

More Challenges 

One of our. favorite college textbooks paused 
at each climactic point with a statement to 
the effect that, "Proof of the following 
theorem is omitted, and is suggested as an 
exercise for the student." 

The following is a list of some additional 
applications in which we believe the HA-2400 
will prove very valuable. The "proofs", at 
present, remain as exercises for our ingenious 
readers. 
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• A to D Converter, Dual Slope Integrating 
• Active Filter, State Variable Type with 

Programmable Frequency and/or 
Programmable "Q" 

• Amplifier with Programmable D.C. Level 
Shift 

• Chopper Ampl ifiers 
• Crossbar Switches 
• Current Source, Programmable 
• F .M. Stereo Modulator 
• F.S.K. Modem 
• Function Generators, Programmable 
• Gyrator, Programmable 
• Monostable Multivibrator, Programmable 
• Multiplier, Pulse Averaging 
• Peak Detector with Reset 
• Resistance Bridge Amplifier/Comparator 

with Programmable Range 
• Sense Amp/Line Receiver with 

Programmable Threshold 
• Spectrum Analyzer, Scanning Type 
• Sweep Generator, Programmable 
• Switching Regulator 
• Touch-Tone ™ Generator/Detector 

(Use Harris HD-0165 Keyboard 
Encoder I.C.) 

Feedback 

We believe we have only scratched the surface 
of possible applications for a multiple channel 
operational amplifier. 

If you have a solution for any of the previous 
"challenges" or any new application, please 
let us know. Anything from a one word 
description to a tested design wi II be welcome. 
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No. 515 Harris Analog 

OPERATIONAL AMPLIFIER STABILITY: 
INPUT CAPACITANCE CONSIDERATIONS 

Author: Don Jones 

This note deals with stabilization and optimization of A.C. 
response in operational amplifiers. One of the more 
common difficulties in applying operational amplifiers 
will be discussed. 

Let's consider the unity gain inverting amplifier circuit 
shown below: 

10K 

10K 1 tr15V 

IN ""o-WV'-........ i-

I:~>-----T---+--O~OUT 

..... 6 50PFI ~ 2K 

-15V -::- * 
This appears to be a straightforward application with 
reasonable component values. 

But, with the input grounded, the circuit output shows an 
oscillation at about 5MHz. 

Even more surprising, if the same device is connected as a 
voltage follower with the same load, it is perfectly stable. 
Since the inverting amplifier has 6dB less feedback than 
the voltage follower, shouldn't it be more stable? 

The culprit here is capacitance at the amplifier inverting 
input. The HA-2600 in the TO-99 can has an input 
capacitance of about 2 or 3pF. When soldered on a P.C. 
card, or inserted in a socket, wiring capacitance might 
add another 3 to 6pF. With only 5K effective resistance at 
this point, 5 to 10pF seems pretty negligible, doesn't it? 
But let's find out. 

The open loop amplitude and phase response char­
acteristics of the amplifier between 1 and 10MHz looks 
like this: 

GAIN.dB PHASE ANGLE 
30 -900 

20 -1200 

G -10 .... -1500 .... r-. .... 
0 -180' 

-10 -2100 
1 2 3 4 5 6 7 8 9 10 

MHz 

The characteristics of the feedback network alone with 
5pF capacitance to ground looks like this: 

GAIN. dB PHASE ANGLE 
o ~---------r-----r--~--'--'--r-~~oo 

-10 E=::::~t~~~;!;G.;:t_:;;;b_d_~~LJU_ -3~' 
r--~ ... 

-20 ~--------+----+---+--+-+-i-iH~-6o' 

-30 ~--------+----+---+--+-+-ii-H--i -900 

-40 1 L. --------~2------'3'---74 --~5--~6~7:--B~9:-:'1.0 -120' 

MHz 

Combining these two graphs by algebraically adding the 
dB gains together and adding the phase shifts together 
gives us the open loop response at the summing point: 

GAIN.dB PHASE ANGLE 

30 ~--------'------r---.---'--.-;r-Il-' -900 

20 I= ..... ;~-_d~:----~--+--I--+-++-H -1200 

~N.. 
I _____ -=~G~~~~ .... ;;::::-t-_t--+_++~-1500 

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

,~ -180' 

...... !===I~ 
-loL-________ -L ____ -L __ -L __ ..L-~--''-~~~.-2100 

3 4 5 6 7 8 9 10 

MHz 

We can see that on the composite response curves, the 
phase shift crosses 1800 at 5.5MHz, and that there is still 
about +2dB of gain at this frequency. Therefore, closing 
the loop automatically creates an oscillator. 

How can we overcome this effect? If we add a capacitor 
across the feedback resistor, we can cancel the effects of 
the input capacitance: 

5pF 

---1(1------. 
10K 

c~~~+---~' 9+15V 
,.." 10K:~ 

1 I~>--~--~~~""'D 
-5pF T .... 9.. 150PF 2K 

....L -::- -15V _ -= 
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If the feedback capacitance matches the input capaci-
tance, the response curves of the feedback network alone 
will be a flat -6dB and 00 across the frequency band. The 
composite curves will then show a bandwidth of 7.5MHz 
and a positve phase margin of 330 . So the circuit will now 
be quite stable. It's amazing how much difference that 
small capacitance can make. 

The general scheme for compensation of various circuit 
types is shown below: 

I 
I 
I 

C1* 
i 
r 

J.... 

C2 

(Include high frequency source impedance in R1') 

INVERTING AMPLIFIER 

r 

C1~ 
r 
r 

± 

NON-INVERTING AMPLIFIER 
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FOLLOWER WITH FEEDBACK RESISTOR 

It's not really necessary to know the exact value of stray 
capacitance, C1 for most layouts, about 5 to 10pF is a 
good guess. Unless you are trying to squeeze out the last 
Hz of frequency response, it doesn't hurt to guess on the 
high side. At higher gains, where C2 calculates out to less 
than 1 or 2pF, it isn't necessary to use C2 - but it won't 
disturb anything if you do use it. 

If you are uncertain about whether compensation is 
necessary, check the pulse response or frequency 
response of the closed loop stage. Hook a pulse generator 
to the input, and adjust the amplitude for about a 200 
millivolt step at the output - if the output overshoot is less 
than 40% of the step, the circuit will be stable. Alternately, 
check the small signal frequency response of the stage if 
the high frequency peaking is less than +6dB, more than 
the low frequency gain, the circuit is stable. Of course, 
you can increase the compensation capacitor if you need 
even smoother response. 

The phenomena we have described are not peculiar to 
any 'one amplifier type. Wideband amplifiers require a 
little more care in the design of feedback networks; but 
the same type oscillations will show up on 741 type 
amplifiers with higher feedback resistor values. 
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FOR YOUR INFORMATION 

Harris Analog 

APPLICATIONS OF MONOLITHIC 
SAMPLE-AND-HOLD AMPLIFIERS 

DON JONES AND AL LlTILE 

Introduction 

The sample-and-hold or track-and-hold function is very function. All Harris sample-and-hold amplifiers are designed 
widely used in linear systems. This function is readily avail- with differential inputs to take advantage of this capability. 
able in modular, hybrid, and monolithic form. 

All high quality sample-and-hold circuits must meet certain 
requirements: 

(1) The holding capacitor must charge up and settle to its 
final value as quickly as possible. 

(2) When holding, the leakage current at the capacitor must be 
as near zero as possible to minimize voltage drift with 
time. 

(3) Other sources of error must be minimized. 

Design of a sample-and-hold involves a number of com­
promises in the above requirements. The amplifier or other 
device feeding the analog switch must have high current 
capability and be able to drive capacitive loads with stability. 
The analog switch must have both low ON resistance and 
extremely low OFF leakage currents. But, leakage currents of 
most analog switches (except the dielectrically isolated 
types) run to several hundred nanoamperes at elevated tem­
peratures. The analog switch must have very low coupling 
between the digital input and analog output. because any 

The HA-2420/2425 

The HA-2420/2425 is one of the most versatile monolithic 
sample-and-hold integrated circuits. A functional diagram is 
shown in Figure 1 . 

OFFSET 
ADJUST -

HOLD 
CAPACITOR 

FIGURE 1 - HA-2420/2425 FUNCTIONAL DIAGRAM 

spikes generated at the instant of turn-off will change the The input amplifier stage is a high performance operational 
charge an the capacitor. The output amplifier must have amplifier with excellent slew rate, and the ability to drive high 
extremely low bias current over the temperature range, and capacitance loads without instability. The switching element 
also must have low offset drift and sufficient slew rate. is a highly efficient bipolar transistor stage with extremely low 

leakage in the OFF condition. The output amplifier is a MOSFET 
Another design consideration is whether to make the input input unity gain follower to achieve extremely low bias 
differential or single ended. A single ended sample/hold current. 
amplifier has a fixed gain, usually +1, so that it simply provides 
the sample/hold function. In contrast, a differential input MOSFET inputs are generally not used for D.C. amplifiers 
sample-and-hold amplifier is designed to be configured with because their offset voltage drift is difficult to control. In this 
external feedback,just like an opamp.lt maybe used to form a configuration, however, negative feedback is generally 
filter, integrator, inverting or non-inverting amplifier with applied between the output and inputs of the entire device, 
gain, etc. This allows the designer to combine any number of and the effect of this offset drift at the inputs is divided by the 
op amp signal conditioning circuits with the sample-and-hold open loop gain of the input amplifier stage. 
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The HA-3520 

The HA-5320 is a high speed monolithic sample/hold circuit 
which includes its own 100pF hold capacitor. Unlike the 
HA-2420/2425, this device utilizes an input transconduct­
ance amplifier and an integrating output stage as shown in 
Figure 2. The hold capacitor is charged through a low leakage 
analog switch at the virtual ground node of the output 
amplifier. In this configuration, charge injection atthe transition 
from sample to hold is constant over the entire input/output 
voltage range. Additional hold capacitance may be added to 
the HA-5320 for improved droop rate, at the expense of 
increased acquisition time. 

OFfSET 
ADJUST 
,--....-, 

SUPPLY V- SIG 
GNO EXTERNAL GND 

HOLD 
CAPACITOR 

INTEGRATOR 
8ANOWlDTH 

FIGURE 2 - HA-5320 FUNCTIONAL DIAGRAM 

The HA-5330 

The HA-5330 is a monolithic sample/hold amplifier optimized 

for very high speed performance, acquiring a 10V step to 
0.01 % in 500ns. Its circuit topology is similar to the HA-5320 
(Figure 3), but there is no provision for external capacitance. 
The integrated 90pF capacitor provides excellent perfor­
mance alone; external leakage paths and noise pickup are 
avoided in this design by not exposing the integrator input 
node to an external pin. 

OFFSET 
ADJUST 
,--....-, 

CONT~~~ 0-"'+----1 ~~--

SUPPLY 
GND 

"G 
GND 

FIGURE 3 - HA-5330 FUNCTIONAL DIAGRAM 

Sample-Hold-Hold Applications 

A number of basic applications are shown on the following 
pages. These devices are exceptionally versatile, since they 
can be wired into a.ny of the hundreds of feedback con­
figurations possible with any operational amplifier. In many 
applications the device will replace both an operational 
amplifier and a sample-and-hold module. 

The larger the value of the hold capacitor, the longer time it 
will hold the signal without excessive drift; however, it will 
also reduce the charging rate/slew rate and the amplifier 
bandwidth during sampling. So the capacitance value must 
be optimized for each particular application. Drift during holding 
tends to double for every 10°C rise in ambient temperature. 
The holding capacitor should have extremely high insulation 
resistance and low dielectric absorption-polystyrene (below 
+85°C), Teflon, or mica types are recommended. 

For least drift during holding, leakage paths on the P.C. board 
and on the device package surface must be minimized. The 
output voltage is nearly equal to the voltage on CH for the HA-
2420. The output line may be used as a guard ring surround­

ing the line to CH' Since the potentials are nearly equal, very 
low leakage currents will flow. The two package pins sur­
rounding the CH pin are not internally connected, and may be 
used as guard pins to reduce leakage on the package surface. 
A suggested P.C. guard ring layout is shown in Figure 4. The 
hold capacitor in the HA-5320 operates at virtual ground. For 
this device, a guard ring must be connected to the SIG GND 
terminal (pin 6) instead of the output. 

Since the internal hold capacitor is not accessable in the 
HA-5330, no P.C. layout consideration to minimize leakage 

is necessary. 

Although the hold capacitor is configured differently for the 
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three sample/hold devices as shown in Figure 5, most ap­
plications are common to all. For simplicity, the hold capacitor 
has been excluded from circuit diagrams in the following 
examples and the S/H's are depicted as op amps with a 
sample/hold control. This symbol is intended to remind the 
user of the "op amp" capability of these devices. 

~ .... ~-... ~.-.-
v.. z. " 1 ~;" 2." 7 V.. + ' ,. +'" ,. ,"<.. • • 

- - -
H"'2420 

HOLDC",PACITORTOGROUND 
HA<&320 

OP'TJONAL HOi.O CAPACITOR 
TOOUTPUT 

"'~ 
4 ." 

1IA·5~O 
NO EXTERNAl HOLD CAl'ACITOn 

FIGURE 5 - SIMPLIFIED S/H SYMBOL 
(UNITY GAIN CONFIGURATION) 

Application No. 1 

Feedback is the same as a conventional op amp voltage 
follower which yields a unity gain, non-inverting output. This 
hookup also has a very high input impedance. 

The only difference between a track-and-hold and a sample­
and-hold is the time period during which the switch is closed. 
In track-and-hold operation, the switch is closed for a 
relativelY long period during which the output signal may 
change appreciably; the output will hold the level present at 

the instant the switch is opened. In sample-and-hold opera­
tion, the switch is closed onlyforthe period oftime necessary 
to fully charge the holding capacitor. 

BASIC TRACK-AND-HOLD/SAMPLE-AND-HOLD 

8tH 
CONTROL 

Application No. 2 

CONTROL ~ .f.3V 

'N~I : -<>v 
I , , , 
, ' 

OU'-iF 

This is the standard non-inverting amplifier feedback circuit. 

It illustrates one of the many ways in which a sample/hold 
amplifier may be used to perform both op amp and sampling 

functions, eliminating the need for a separate scaling 
amplifier and sample-and-hold module. 

In general, it is usually best design practice to scale the gain 
such that the largest expected signal will give an output close 
to + or - 10 volts. Drift current is essentially independent of 
output level, and less percentage drift will occur in a given 
time for a larger output signal. 

SAMPLE-AND-HOLD WITH GAIN 

8tH 
CONTROL 

Application No_ 3 

This illustrates another application in which the hookup 
versatility of a sample/hold often eliminates the need for a 
separate operational amplifier and sample-and-hold module. 
This hookup will have somewhat higher input to output 
feedthrough during '"hold,'" than the non-inverting connection, 
since output impedance is the open-loop value during "hold:' 
and feedthrough will be: VIN Ro 

R1 + R2 + RO 

INVERTING SAMPLE-AND-HOLD 

Application No.4 

MAKE 

5tH 
CONTROL 

R2 
GAIN=--

R1 

R1R2 

Vout 

It is often required that a signal be filtered prior to sampling. 
This can be accomplished with only one device. Any of the 
inverting and non-inverting filters which can be built with op 
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amps can be implemented. However, it is necessary that the 
sampling switch be closed for sufficient time for the filter to 
settle when active filter types are connected around the 
device. 

FILTERED SAMPLE-AND-HOLD 

Application No_ 5 

5tH 
CONTROL 

Short sample times require a low value holding capacitor; 
while long, accurate hold times require a high value holding 

input address is changed. 

In the illustration, the sample/hold amplifier does double 
duty, serving as a buffer amplifier as well as a glitch remover, 
delaying the output by Y, clock cycle. 

The sample/hold may be used to remove many other types of 
"glitches" in a system. If a delayed sample pulse is required, 
this can be generated using a dual monostable multivibrator 
I.C. 

D/A 

DE-GUTCHER 

c,~ 

0/.-----\ 1 
OUT -L 

S/H ~ CONTROL 
,," 
0"' 

capacitor. So, achieving a very long hold with a short sample Application No. 7 
appears to be contradictory. However, it can be accomplished 

by cascading two S/H circuits, the first with a low value This circuit reconstructs and separates analog signals which 
capacitor, the second with a high value. Then the second S/H have been time division multiplexed. 
can sample for as long a time as the first circuit can accurately 

hold the signal. The conventional method, shown on the left, has several 

5tH 1 CONT 

5/H 2 CON 

CASCADED SAMPLE·AND-HOLD 

5/H 1 
CONTROL 

S/H 2 
CONTROL 

Application No. 6 

Vout 

The word "glitch" has been a universal slang expression 
among electronics people for an unwanted transient condi· 
tion. In D to A converters, the word has achieved semi·official 
status for an output transient which occurs when the digital 

restrictions, particularly when a short dwell time and a long, 
accurate hold time is required. The capacitors must charge 
from a low impedance source through the resistance and 
current limiting characteristics of the multiplexer. When 
holding, the high impedance lines are relatively long and 

subject to noise pickup and leakage. When FET input buffer 
amplifiers are used for low leakage, severe temperature offset 
errors are often introduced. 

DE-MULTIPLEXER 

~
OUT 

ANALOG -- ---, ~ -
MULTIPLEXER I + 

I _ 

JH~:: 
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Application No. 8 

This basic circuit has widespread applications in instrumentation, 
AID conversion, DVM's and DPM's to eliminate offset drift 
errors by periodically rezeroing the system. Basically, the 
input is periodically grounded, the output offset is then sampled 
and fed back to cancel the error. 

The system illustrated automatically zeros a high gain 
amplifier. Care in the actual design is necessary to assure that 
the zeroing loop is dynamically stable. Asecond sample-and­
hold could be added in series with the output to remove the 
output discontinuity. 

Many variations of this scheme are possible to suit the 
individual system. 

AUTOMATIC OFFSET ZEROING 

"ZERO" 

Application No. 9 

This accurate, low drift peak detector circuit combines the 
basic sample-and-hold connection with a comparator. When 
the input signal level exceeds the voltage being stored in the 
S/H, the comparator trips, and a new sample of the input is 
taken. The S/H offset pot should be adjusted for a slight posi­
tive offset, so that the comparator will trip back when the new 
peak is acquired; otherwise the comparator would remain 
"on" and the S/H would follow the peak back down. 

To make a negative peak detector, reverse the comparator 
inputs and adjust the S/H for a negative offset. 

The reset function, which is difficult to achieve in other peak 
detector circuits, forces a new sample at the instantaneous 
input level. 

RESET 

...JL 
TTL GATE 

Application No. 10 

This useful application illustrates how fast repetitive wave­
forms can be slowed down using sampling techniques. The 
input signal is much too fast to be tracked directly by the X-Y 
recorder, but sampling allows the recorder to be driven as 
slow as necessary. 

To operate, the waveform is first synched in on the scope. 
Then the potentiometer connected to the recorder X input is 
slowly advanced, and the waveform will be reproduced. The 
S/H amplifier samples for a very short interval once each 
horizontal sweep of the scope. The sampling instant is deter­
mined by the potentiometer at the instant when the horizontal 
sweep waveform corresponds to the X position of the 
recorder. 

This principle can be applied to many systems for waveform 
analysis, etc. 

PLOT HIGH SPEED WAVEFORMS 
WITH SAMPLING TECHNIQUES 
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No. 519 Harris Analog 
OPERATIONAL AMPLIFIER 

NOISE PREDICTION 
By Richard Whitehead 

Introduction 

When working with op amp circuits an en­
gineer is frequently required to predict the 
total RMS output noise in a given bandwidth 
for a certain feedback configuration. While 
op amp noise can be expressed in a number of 
ways, "spot noise" (RMS input voltage noise 
or current noise which would pass through 
1 Hz wide bandpass filters centered at various 
discrete frequencies), affords a universal 
method of predicting output noise in any op 
amp configuration. 

The Noise Model 

Figure 1 is a typical noise model depicting 
the noise voltage and noise current sources 
that are added together in the form of root 
mean square to give the total equivalent 
input voltage noise (RMS), therefore: 

Eni = Jeni2 + Ini2Rg2 + 4KTRg where, 

Eni is the total equivalent input voltage noise 
of the circuit. 

eni is the equivalent input voltage noise of the 
amplifier. 

Ini2Rg2 is the voltage noise generated by the 
current noise. 

4KTR g expresses the thermal noise generated 
by the external resistors in the circuit where 
K = 1.38 x 10-23 joules/oK; T = 3000 K 

(270 C) and Rg=( R1R3 \+R2 
R1 + R3/ 

Figure 1 

The total RMS output noise (Enol of an amp­
lifier stage with gain = G in the bandwidth 
between f1 and f2 is: 

Eno = G ( f{f2 Eni2df%) 

Note that in the amplifier stage shown, G 

. h .. . (G 1 R2) IS tenon-inverting gain = + R1 
regardless of which input is normally driven. 

Procedure for Computing 
Total Output Noise 

1. Refer to the voltage noise curves for the 
amplifier to be used. 

2. Enter values of eni2 line (a) of the table 

below from the curve labeled "Noise 
spectral density" (the values must be 
squared). 

3. From the current noise curves for the 
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amplifier, obtain the values of ini2 for 
each of the frequencies in the table, 
and multiply each by Rg2, entering the 
products in line (b) of the table. 

4. Obtain the value of 4KTRg from Figure 
14, and enter it on line (c) of the table. 
This is constant for all frequencies. The 
4KTRg value must be adjusted for temp­
eratures other than normal room temper­
ature. 

5. Total each column in the table on line 
(d). This total is Eni2. 

10Hz 100Hz 1KHz 10KHz 100KHz 

(e) 4KTAg 

6. On linear scale graph paper enter each of 
the values for Eni2 vs .. frequency. In 
most cases, sufficient accuracy can be 
obtained simply by joining the points 
on the graph with straight line segments. 

7. For the bandwidth of interest, calculate 
the area under the curve by adding the 
areas of trapezoidal segments. This 
procedure assumes a perfectly square 
bandpass condition; to allow for the 
more normal -6db/octave bandpass skirts, 
multiply the upper (-3db) frequency by 
1.57 to obtain the effective bandwidth 
of the circuit, before computing the area. 
The total area obtained is equivalent to 
the square of the, total input noise over 
the given bandwidth. 

8. Take the square root of the area found 
above and multiply by the gain (G) of 
the circuit to find the total Output RMS 
noise. 

A TYPICAL EXAMPLE 

It is necessary to find the output noise of 
the circuit shown below between 1 KHz and 
24KHz. 
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Figure 2 

The HA-2600 In a Typical G = 1000 Circuit 

Values are selected from Figures 5, 5a and 14 
to fill in the table as shown below. An Rg 
of 30Krl was selected. 

10Hz 100Hz 1KHz 10KHz 100KHz 

3.6xl0~15 1.156x10-15 7.84xl0~16 7.29)(10-16 7.29 x 10-16 

(bllni2Ag2 9.9><10-16 1.89><10-16 3.15)(10-17 7.2)(10-18 7.2x10-18 

Ie) 4KTRg 4.968)(10-16 4.968)(10-16 4.968)(10- 16 4.968)(10-16 4.968x10--16 

(d) Eni2 5.09 x 10-15 1.86 x 10-15 1.31 x 10-15 1.23 x 10-15 1.23 x 10-15 

The totals of the selected values for each 
frequency is in the form of Eni2. This 
should be plotted on linear graph paper as 
shown below: 

1.5.1O-15,---,----r----,----.----, 

0.5)( 

50K 
Frlq~oncy. {Hz! 

HA-2600 Total Equivalent Input Noise Squared 

Since a noise figure is needed for thefre­
quency of 1 KHz to 24KHz, it is necessary to 
calculate the effective bandwidth of the cir­
cuit. With AV = 60db the upper 3db point 
is approximately 24KHz. The product of 
1.57 (24KHz) is 37.7KHz and is the effective 
bandwidth of the circuit. 



The shaded area under the curve is approxi­
mately 45 x 10-12 VOlts2; the total equiva­
lent input noise is J Eni2 or 6.7 microvolts, 
and the total output noise for the selected 
bandwidth is jEr;i2 x (closed loop gain) or 
6.7 millivolts RMS. 

Actual Measurements For 
Comparison 

The circuit shown below was used to actually 
measure the broadband noise of the HA-
2600 for the selected bandwidth: 

15Kn ~ 01~F 
VHA-1600 >-----.---l1---.----1 

I - 100m 1.5m 

15m 
lOon 

-= 
Figure 3 

A Typical Test Circuit for Broadband 
Noise Measurements 

True 
RMS 
Meter 

The frequencies below the f1 point of the 
bandwidth selected are filtered out by the RC 
network on the output of HA-2600. The 
measurement of the broadband noise is ob­
served on the true RMS voltmeter. The mea­
sured output noise of the circuit is 4.7 
microvolts RMS as compared to the calculated 
value of 6.7 microvolts RMS. 

Acquiring the Data For Calculations 

Spot noise values must be generated in order 
to make the output noise prediction. The 
effects of "Popcorn" noise have been ex­
cluded due to the type of measurement 
system. 

The Quan-Tech Control Unit, model no. 
2283 and Filter Unit, model no. 2181 were 
used to acquire spot noise voltage values 
expressed in -(V JHz). The test system per­
forms measurements from 10Hz by orders 
of magnitude to 100KHz with an effective 
bandwidth of 1 Hz at each tested frequency. 

Several source resistance (Rg) values were 

used in the measuring system to reveal the 
effects of Rg on each type of Harris' op amps 
and to obtain proper voltage noise values 
essential for current noise calculations. 

A Discussion On "Popcorn" Noise 

"Popcorn" noise was first discovered in 
early 709 type op amps. Essentially it is an 
abrupt step-like shift in offset voltage (or 
current) lasting for several milliseconds and 
having amplitude from less than one micro­
volt to several hundred microvolts. Occur­
ance of the "pops" is quite random - an 
amplifier may exhibit several "pops" per 
second during one observation period and 
then remain "popless" for several minutes. 
Worst case conditions are usually at low 
temperatures with high values of Rg. Some 
amplifier designs and some manufacturer's 
products are notoriously bad in this respect. 
Although theories of the popcorn mechanism 
differ, it is known that devices with surface 
contamination of the semiconductor chip 
will be particularly bad "poppers". Adver­
tising claims notwithstanding, the authors 
have never seen any manufacturer's op amp 
that was completely free of "popcorn". 
Some peak detector circuits have been 
developed to screen devices for low amplitude 
"pops", but 100% assurance is impossible 
because an infinite test time would be re­
quired. Some studies have shown that spot 
noise measurements at 10Hz and 100Hz, 
discarding units that are much higher than 
typical, is an effective screen for potentially 
high "popcorn" units. 

The vast majority of Harris op amps will 
exhibit less than 3 /LV peak-to-peak "pop­
corn". Screening can be performed, but it 
should be noted that the confidence level 
of the screen could be as low as 60%. 
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Typical Spot Noise Curves Unless Otherwise Noted: Vs = ±15V. TA = +250C 
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FOR YOUR INFORMATION 

No.520 Harris Analog 
CMOS ANALOG MULTIPLEXERS AND SWITCHES; 

APPLICATIONS CONSIDERATIONS 
Don Jones and AI Little 

Introduction 

This article describes several important considerations 
for the use of CMOS analog multiplexers and switches. It 
includes selection criteria, parameter definitions, hand­
ling and design precautions, interfacing, typical applica­
tions, and special topics such as overvoltage protection 
and R.F. switching. Some other devices which perform 
analog switching functions are discussed as well. 

Application Note 521 is also recommended for the analog 
multiplexer and switch user. It details the different CMOS 
processes used by various manufacturers, showing the 
performance trade-offs and failure modes which may be 
encountered with each. 

Choosing the Right Device 
A. Multiplexers; Protected or Unprotected? 

Analog input signals which originate externally to a 
system can be destructive to a multiplexer for several 
reasons: 

1. Analog signals may be present while the MUX 
power supplies are off. 

2. The signal lines may receive induced voltage spikes 
from nearby sources. 

3. Static electricity may be introduced on the signal 
lines by personnel or eqUipment. 

4. Grounding problems are frequent; A. C. power line 
voltages at high impedance can appear on the sig­
nal lines. Signal lines can be aCCidentally shorted to 
other voltage sources. 

Each of these situations are common in data acquisition, 
telemetry, and process control systems. In each case, a 
voltage at the multiplexer input exceeds the rail voltage. 
Without current limiting, this voltage will degrade or 
destroy the device. 

Any conventional CMOS multiplexer can be protected 
against overvoltage destruction by external resistor­
diode networks which limit input current to a safe level. 
Such networks are expensive, however, both in cost and 
in circuit board space. Another drawback is the output 
signal corruption that accompanies an overvoltage -
regardless of which input is selected. This occurs due to 

parasitic bipolar transistors within the multiplexer which 
turn on during overvoltage. (Application Note 521 
explains this mechanism in detail). 

A few multiplexers feature built-in overvoltage protection, 
designed to eliminate the external networks. The protec­
tion capability varies widely among these devices, 
however. Some offer very slight advantages over ordinary 
multiplexers while others withstand wide voltage ex­
tremes. Unfortunately, nearly a/l suffer from the same 
output signal corruption problem described above. 

Harris overvoltage protected multiplexers, HI-506A! 
507 A!50BA/509A. are an exception to this rule. During 
overvoltage, active protection circuitry automatically 
shuts off the parasitic transistor, thereby preventing out­
put signal contamination. These devices will withstand a 
continuous voltage on anyone input of ±20 Volts greater 
than either supply (this limitation is due only to tempera­
ture rise considerations at maximum ambient) and have 
withstood simulated static discharge conditions of 
greater than 4,500 Volts. 

It should be emphasized that only the HI-506A through 
509A (and exact equivalents from authorized alternate 
suppliers) will have this kind of protection necessary for 
inputs from the outside world. Certain CMOS process im­
provements, such as "floating body" and "buried layer" do 
help minimize one failure mode (Iatchup) but will still fail 
under excess voltage or current conditions prevalent in 
this type application. 

A simplified equivalent circuit of the Harris internal 
protection network is shown in Figure 1. 

+v 

lK.I1 
ANALOG,..." AA 

IN ~ -y Y" ANALOG 
~~ \J" -v OUT 

-v 

FIGURE 1. 
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Application Note 520 

This will help answer the question of what happens when 
the supplies are turned off, but input signals are present. If 
the supplies are shorted to ground, then the inputs will 
have about 1 Kll impedance to ground. If the supplies are 
open circuit, then the most positive and most negative in­
puts will act as supplies to the multiplexer. 

In normal operating parameters, internally protected 
multiplexers have one difference from the unprotected 
versions-ON resistance is necessarily higher because of 
the added series current limiting resistor. However, to 
achieve the same degree of protection with conventional 
devices, the same resistance must be added externally, 
plus external diodes which would add to the effective 
leakage currents. 

Conventional unprotected multiplexers are suitable for 
systems where the MUX inputs come from sources within 
the equipment, such as from op amps powered by the 
same ±1S volt supplies. The HI-S06/S07/1818A/1828A are 
intended for this type system. They are entirely free of any 
latch-up tendency, which have plagued some other types, 
even in these more benign applications. They are also free 
of the performance compromises which have accompa­
nied some attempts to cure the latch-up problem. 

B. Which Switch To Switch To? 

Harris furnishes a complete line of CMOS analog 
switches, including replacements for most of the available 
CMOS and JFET switches. All types feature rugged 
no-latch-up construction, uniform characteristics over 
the analog signal range, and excellent high frequency 
characteristics. 

The HI-200 and HI-201 replace the popular, low cost 
DG200 and DG201 types dual and quad switches. 

The HI-1800A is low leakage dual DPST switch with a 
versatile addressing scheme, allowing use of a single type 
for many different switching functions. 

The HI-S040 through HI-SOS1 are low resistance types, 
offering one to four switches in virtually all combinations. 
These replace the HI-S040 series with significantly better 
performance, and with both 7S ohm and 30 ohm switches 
available in all configurations. These are also plug-in 
replacements for many of the DG 180 and DG 190 series of 
FET hybrid switches, offering the advantage of monolithic 
construction, but with slightly longer switching times. 

The analog switches do not contain overvoltage protec­
tion on the analog inputs, although they will withstand 
inputs 2 or 4 volts greater than the supplies. External 
current limiting should be provided if higher overvoltages 
are anticipated, such as a resistor in series with the analog 
input of value: R(ohms)2:(V'N - VSUPPLY) x SO whereVIN 
is the maximum expected input voltage. All digital inputs 
do have overvolgate/static charge protection. 

Data Sheet Definitions 

A. Absolute Maximum Ratings 

As with all semiconductors, these are maximum condi­
tions which may be applied to a device (one at a time) 
without resulting in permanent damage. The device may, 
or may not, operate satisfactorily under these conditions­
conditions listed under "Electrical Characteristics" are 
the only ones guaranteed for satisfactory operation. 

B. VS. Analog Signal Range 

The input analog signal range over which reasonable 
accurate switching will take place. For supply voltages 
lower than nominal, Vs will be equal to the voltage span 
between the supplies. Note that other parameters such as 
RON and leakage currents are guaranteed over a smaller 
input range, and would tend to degrade towards the Vs 
limits. All Harris devices can withstand +VS applied at an 
input while -VS is applied to the output (or vice-versa) 
without switch breakdown - this is not true for some other 
manufacturers' devices. 

C. RON. On Resistance 

The effective series on-switch resistance measured from 
input to output under specified conditions. Note that RON 
changes with temperature (highest at high temperature) 
and to a lesser degree with signal voltage and current. 

o. IS(OFF). IO(OFF), IO(ON): Leakage Currents 

Currents measured under conditions illustrated on the 
data sheet. Harris prefers to guarantee only worstcase 
high temperature leakages, because room temperature 
picoampere levels are virtually impossible to measure re­
peatable on available automated test equipment. Even 
under laboratory conditions, fixture and test equipment 
stray leakages may frequently exceed the device leakage. 
Leakages tend to double every 1QoC temperature rise, so 
it is reasonable to assume that the +2SoC figure is about 
0.001 times the +1250 C measurement; however, in some 
cases there may be ohmic leakages, such as on the 
package surface, which would make the +2SoC reading 
higher than calculated. 

Each of these leakage figures is the algebraic sum of all 
currents at the pOint being measured: to each power 
supply, to ground, and through the switches; so the cur­
rent direction cannot be predicted. In making an error 
analysiS it should be assumed that all leakages are in the 
worst-case direction. 

In most systems, ID(ON) has the most effect, creating a 
voltage offset across the closed switch equal to ID(ON) x 
RON· 
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E. VAL, V AH; Input Thresholds 

The lower and upper limits for the digital address input 
voltage at which the switching action takes place. All 
other parameters will be valid if all "0" addressd inputs are 
less than VAL and all "1" inputs are greater than VAH. 
Logic compatibility will be discussed in detail later in this 
paper. 

F. lA, Input Leakage Current 

Current at a digital input, which may be in either direction. 
Digital inputs on Harris devices are similar'to CMOS logic 
inputs; connection to MOS gates through resistor-diode 
protection networks. Unlike some other devices there is 
no DC negative resistance region which could create an 
oscillating condition. 

G. T A, TON, TOFF; Access Time 

The logic delay time plus output rise time to the 90% pOint 
of a full scale analog output swing. After this time the out­
put will continue to rise, approaching the 100% point on 
an exponential curve determined by RON x CO(OFF). 

H. TOPEN, Break-Before-Make Delay 

The time delay between one switch turning OFF and 
another switch turning ON; both switches being 
commanded simultaneously. This prevents a momentary 
condition of both switches being ON, generally a very 
minor problem. 

I. CS(OFF), Co (OFF). COlON) Input/Output Capacitance 

Capacitance with respect to ground measured at the 
analog input/output terminals. CO(ON) is generally the 
sum of CS(OFF) and CO(OFF). CO(OFF) is usually the 
most important term as rise time/settling characteristics 
are determined by RON x CO(OFF), as well as the high 
frequency transmission characteristics. 

J. COS(OFF), Drain to Source Capacitance 

M. PD. Power Dissipation: 1+, 1-

Quiescent power dissipation, Po = (V+ X 1+) + (V- x 1-). This 
may be specified both operating and standby ("Enable" 
pin ON/OFF). Note that, as with all CMOS devices, 
dissipation increases with switching freqiJency; but that 
Harris devices exhibit much less of this effect. 

Care And Feeding of 
Multiplexers And Switches 

Oielectrically isolated CMOS ICs require no more care in 
handling and use than any other semiconductor - bipolar 
or otherwise. However, they are not indestructible, and 
reasonable common sense care should be taken. 

In a laboratory breadboard, power should be shut off 
before inserting or removing any IC. It is especially 
important that supply lines have decoupling capacitors to 
ground permanently installed at the IC socket pins, as 
intermittent supply connections can create high voltage 
spikes through the inductance of a few feet of wire. 

Because each of the major manufacturers of CMOS multi­
plexers and switches uses a radically different process, it 
is urged that units from all prospective suppliers be 
equally tested in breadboards and prototypes. It will be in­
teresting to note which types survive best the hazards of a 
few weeks of breadboard testing. 

Particular care of semiconductors during incoming 
inspection and installation is quite important, because the 
cost of reworking finished assemblies with even a small 
percentage of preventable failures can seriously erode 
profits. All equipment should be periodically inspected 
for proper grounding. With these devices, it is not usually 
necessary to shackle personnel to the nearest water pipe, 
if reasonable attention is paid to clothing and floor 
coverings; but be alert for periods of unusually high static 
electricity. If special lines are already set up for handling 
MOS devices, it wouldn't hurt to use them. 

The equivalent capacitance shunting an open switch. There are a few good rules for P.C. card layout: 

K. OFF IsolaHon 

The proportion of a high frequency signal applied to an 
open switch input appearing at the output: 

off isolation = 20 log ~ 
VOUT 

This feedthrough is transmitted through COS (OFF) to a 
load composed of CO(OFF) in parallel with the external 
load. The isolation generally decreases by 6dB/octave 
with increasing frequency. 

L. CA, Digital Input Capacitance 

Capacitance to ground measured at digital input. This 
chiefly affects propagation delays when driven by CMOS 
logic. 

1. Each card or removable subassembly should contain 
decoupling capacitors for each supply line to ground. 
This not only helps keep noise away from the analog 
lines, but gives good protection from static electricity 
damage when loose cards are handled. 

2. When digital inputs come through a card connector, 
the pull-up resistor should be at the CMOS input. This 
forces current through the connector and prevents 
possible dry circuit conditions (see following discus­
sion on digital interface). 

3. All unused digital inputs must be tied to logic "0" 
(ground) or logic "1" (logic supply or device + supply) 
depending on truth table and action desired. Open in­
puts tend to oscillate between "0" and "1 ". It would also 
be best to ground any unused analog inputs/outputs 
and any uncommitted device pins. 
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Digital Interface 

A. Reference Connection 

HI-5040 thru HI-5051 and HI-1800AJ1818A/1828A require 
a connection to the digital logic supply (+5V to +15V). 

The HI-200/201/506A/507 A have VREF pins which are 
normally left open when driving from +5 volt logic (OTL or 
TTL), but may be connected to higher logic supplies (to 
+15V) to raise the threshold levels when driving from 
CMOS or HNIL. The HI-200/201 will have significantly 
lower power dissipation when VREF is connected to a 
high level supply. 

The HI-506/507/508A1509A do not have VREF terminals, 
but will operate reliably with any logic supplied from +5 to 
+15 volts. 

B. DTL/TTL Interface 

One major difference found in comparisons of similar 
devices from different manufactures is the worst-case 
digital input high threshold (VAH or VIH). These range 
anywhere from +2V to +5V; and anything greater than 
+2.4V is obviously not compatible with worst-case TTL 
output levels. The fact is that no CMOS input is truly TTL 
compatible unless an external pull-up resistor is added. 
TTL output stages were not designed with CMOS loads in 
mind. 

The experienced designer will always add a pull-up resis­
tor from CMOS input to the +5 volt supply when driving 
from TTL/OTL: 

1. Interchangeability: allows substitution of similar de­
vices from several manufacturers. 

2. Noise immunity: a TTL output in the "high" condition 
can be quite high impedance. Even when voltage noise 
immunity seems satisfactory, the line is quite suscepti­
ble to induced noise. The pull-up resistor will reduce 
the impedance while increasing voltage noise immun­
ity. 

3. Compatibility: one manufacturer does guarantee +2.0 
volt minimum VAH. However, this is accomplished with 
circuitry that is anything but TTL compatible: input 
current vs. voltage shows an abrupt positive then nega­
tive resistance region which is not the kind of load 
recommended for an emitter follower stage. A pull-up 
resistor will swamp out the negative resistance. Other 
CMOS inputs capacitively couple internal switching 
spikes to the input which could cause double-trigger­
ing without the pull-tip resistor. 

4. Reliability: it shouldn't happen with carefully pro­
cessed ICs, but any possible long term degradation of 
CMOS devices usually inVOlves threshold voltage 
shifts. The pull-up resistor will help maintain operation 

if input thresholds drift out of spec. On units without ad­
equate input protection, the resistor will also help protect 
the device when a loose P.C. card is handled. Where the 
interface goes through a P.C. connector. the resistor will 
force current through the connector to break down any 
insulating film which otherwise might build up and cause 
erratic dry circuit operation: 

A 2K ohm resistor connected from the CMOS input to the 
+5 volt supply is adequate for any TTL type output. If 
power consumption is critical, open collector TTUOTL 
should be used, allowing a higher value resistor - the vol­
tage drop across the resistor is computed from the sum of 
specified "1 ,; level leakage currents at the TTL output and 
CMOS input. 

C. CMOS Interface 

The digital input circuitry on all Harris devices is identical 
to series 4000 and 54C/74C logic inputs, and is compati­
ble with CMOS logic with supplies between+5V and+15V 
without external pull-up resistors. 

D. Electromechanical Interface 

When driving inputs from mechanical switches or relays, 
either a pull-up or pull-down resistor must be connected 
at the CMOS input to clear the dry circuit and damp out 
any spikes, as illustrated in Figure 2, (b) and (c). 

(a) POOR (b) GOOD 

FIGURE 2. 

(c) GOOD 

A Practical Multiplexer Application 

Figure 3 illustrates a practical data acquisition system 
hookup using an analog multiplexer, a monolithic 
sample-and-hold and an AID converter. The HA-24201 
2425 sample-and-hold is a particularly good choice for 
this type application because it eliminates the need for a 
separate high impedance. high slew rate buffer amplifier. 
Its acquisition time is consistent with CMOS multiplexer 
settling times and most available AID conversion times. 
Errors, after initial adjustment, are consistent with up to 
12 bit absolute accuracy over a wide temperature range. 
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A. Accuracy 

D.C. error sources include: 

1. Multiplexer: 
a. input offset = R source x IS(OFF) 
b. output offset = R(ON) x (ID(ON) + I bias (S/H) 

2. Sample-and-Hold 
a. input offset voltage 
b. charge injection; sample-to-hold offset 
c. gain error during "hold" 
d. drift during hold 

3. AID converter: 
a. linearity 
b. gain drift 
c. offset drift 

Item 1 (a) and (b), and 2(d) become significant only at very 
high temperatures. 2(a) and (b) are initially adjusted out 
with the offset adjustment pot on the S/H. 2(c) is usually 
adjusted out by AID gain adjustment. but could also be re­
moved by a voltage divider feedback on the S/H to give a 
slightly greater than unity gain during "sample". After 
initial adjustments, typical S/H errors are less than 0.5mV 
over OOC to +750 C. Note that after adjustment, there may 
be an appreciable offset at the S/H output when switching 
from sample to hold. This is not a problem, since accuracy 
is required only during "hold", and the system is adjusted 
for this. 

The largest system errors are usually 3(b) and (c), drifts 
with temperature and time. If two multiplexer channels 
can be dedicated for stable (+) and (-) reference voltage 
inputs, then the data processor can continuously cal­
ibrate the system, effectively removing all errors, except 
1 (a) and 3(a) which are usually negligible. 

ANALOG 
IN 

MUX ADDRESS 

MUXADDRESS~ 
SAMPLE/HOLD --f-:-

CONTROL LJ : 
T2-1 .... 

SAMPlE/HOLO 

A/DSTART~ 
AID DATA READY -T3=:J 

FIGURE 3. 

B. Timing 

START DATA 
READY 

The timing diagram in Figure 3 indicates the necessary 
system delays for each multiplexer address: 

T 1 is the combined acquisition time for the multi­
plexer and S/H. 

T2 is the short interval required for the sample-to­
hold transient to settle. 

T3 is the AID conversion time. 
The following table indicates minimum recommended 
timing for ±10 volt input range for acquisition/settling 
times to % LSB accuracy: 

10 bit 
12 bit 

The multiplexer, by itself, requires about 2J1s and 9J1s 
settling to 10 bit and 12 bit accuracy, respectively; but for­
tunately this can be concurrent with S/H acquisition time. 
This is longer than would be predicted by the RON CD 
time constant; probably because of internal distributed 
capacitance, a rather long period is required to traverse 
the last few millivolts towards the final value. 

It should be noted that impedance conditions at the mu!ti­
plexer inputs can affect the necessary acquisition time. At 
the instant the multiplexer switches from one channel to a 
new one, there is appreciable current pulled through the 
new channel input in order to charge CD from its old level 
to its new level. This can cause ringing on signal lines, or 
glitches at signal conditioning amplifier outputs which 
require longer periods to settie. It is best for signal con­
ditioning amplifiers to be wide band types. such as 
HA-5170, so that their high frequency output impedance 
is low and recovery from load transients is fast; even 
though the signal to be measured is very low bandwidth. 

The T 1 and T2 times could be eliminated by alternating 
two S/H circuits, acquiring a new signal on the second 
while AID conversion is taking place. The two S/H circuits 
would have inputs connected together, and outputs al­
ternately connected to the AID by an analog switch. Total 
time, then, would be T3 plus the analog switch settling 
time. 

If the MUX input channels are sequentially switched, each 
channel will be sampled at a rate of: 

FS = 

samples per second, where N is the number of channels. 
The frequency spectra of the input signals must then be 
no higher than FS. 

2 

In many systems, however, each channel carries a dif­
ferent maximum frequency of interest, and it may be 
desirable to depart from simple sequential scanning. 
Quickly varying signals,fOr example, could be addressed 
several times during a scanning period. 
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C. Adding Channels 

For more than sixteen channels, several multiplexers may 
be tied together at the outputs, and addressed in parallel, 
but with only one "enabled" at a time. The MUX output off­
set will be increased, since 10 (OFF or ON) is additive. 
Also, output capacitance, CO, is additive, creating in­
creased access times. 

These errors can be minimized in large systems by having 
several tiered levels of multiplexing; where the outputs of 
a number of MUXs are individually connected to the in­
puts of another MUX. 

D. Differential Multiplexing 

When low level analog signals must be conducted over a 
distance, it is generally better, from a noise pickup stand­
pOint, to use a balanced transmission line carrying signals 
which are differential with respect to ground. 

A dual multiplexer is used for this purpose, as shown in 
Figure 4. Two sample-and-hold circuits plus an op amp 
form a high impedance differential sample-and-hold with 
gain. At gains greater than 4, the minimum sampling time 
(T1 in previous example) must be increased proportion­
ately to gain to allow for overdamped settling charac­
teristics. 

When handling low level, or high impedance signals, con­
sideration should be given to adding signal conditioning 
amplifiers at the signal sources, since this can often 
produce less troublesome, more accurate, lower cost 
systems. 

, 
------+~ 
·-----1---0 f 

'Ii' L~J 
ADDRESS 

E. Demultiplexing' 

FIGURE 4. 

Since the switches in a CMOS MUX conduct equally well 
in either direction. it is perfectly feasible to use it as a 
single input-selected multiple output switch. Figure 5 
illustrates its use as a demultiplexer, with capacitors to 
hold the output signal between samples. When the 
address lines are synchronous with the address of the 
original multiplexer, the output lines will create the 
original inputs. except level changes will be in steps. 

Overvoltage protection is not effective with signals 
injected at the normal MUX output. so an external network 

should be added, if necessary. 

A more accurate demultiplexer could be constructed 
using the HA-2420/2425 sample-and-hold for each 
channel, connecting inputs together and sampling each 
channel sequentially. 
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{SYNCH'D WITH 
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FIGURE 5. 

Analog Switch Applications 

A. High Current Switching 

Analog switches are sometimes required to conduct 
appreciable amounts of current, either continuous. or 
instantaneous - such as charging or discharging a 
capacitor. For best reliability, it is recommended that in­
stantaneous current be limited to less than BOmA peak 
and that average power over any 100 millisecond period 
be limited to 12RON:S (absolute maximum derated power­
quiescent power). Note that RON increases at high 
current levels. which is characteristic of any FET switch. 
Switching elements may be connected in parallel to 
reduce RON. 

B. Op Amp Switching Applications 

When analog switches are used either to select an op amp 
input, or to change op amp gain, minor circuit rearrange­
ments can frequently enhance accuracy. In Figure 6(a). 
RON of the input selector switch adds to R1, reducing gain 
and allowing gain to change with temperature. By 
switching into a noninverting amplifier (b). gain change 
becomes negligible. Similarly. in a gain switching circuit, 
RON is part of the gain determining network in (c), but has 
negligible effect in (d). 

r---., 
I I 
I I I 

-;-<> I I 

I if' I I , L ___ ...J -::' 

(a) LOW ACCURACY 

(e) LOW ACCURA· 
CY 

I 
I 
I , 

I /\ , 
I T I L- __ ...J 

FIGURE 6. (d) HIGH ACCURACY 

10-34 



Application Note 520 

C. Switching Spikes And Charge Injection 

Transient effects when turning a switch off or on are of 
concern in certain applications. Short duration spikes are 
generated (Figure 7(a)) as a result of capacitive coupling 
between digital signals and the analog output. These have 
the effect of creating an acquisition time interval during 
which the output level is invalid even when little or no 
steady state level change is involved. The total net energy 
(charge injection) coupled to the analog circuit is of con­
cern when switching the voltage on a capacitor, since the 
injected charge will change the capaCitor voltage at the 
instant the switch is opened (Figure 7(b)). 

'l 

+- Ed I 
I 

..J SCOPE 
lMn.20pF 

(a) (bl 

FIGURE 7. 

Charge injection is measured in picocoulombs; the volt­
age transferred to the capacitor computed by 

V= Charge (pC) 

Capacitance (pF) 

Both of these effects are, in general, considerably less for 
CMOS switches than for equivalent resistance JFET or 
PMOS devices, since the gate drive signals for the two 
switching transistors are of opposite polarity. However, 
complete cancellation is not possible, since the Nand P 
channel switches do not receive gate signals quite simula­
neously, and their geometrics are necessarily different to 
achieve the desired D.C. resistance match. 

In applications where transients create a problem, it is fre­
quently possible to minimize the effect by cancellation in 
a differential circuit, similar to Figure 8. 

DIFFERENTIAL 

~"' i-~:! ~ ~ 
SIGNAL "V I: ;>-+: -----I~ 

R = I I I 
_ Rs I .1\ I 
- L-T-..J 

FIGURE 8. 

Among the Harris analog switches, the HI-201 is the best 
from the transient standpoint, having turn-on spikes of 
about 100mV peak, SOns width at the 50% point, and 
charge injection at turn-off of about 20 picocoulombs. 
Transients of the HI-5040 series are several times higher. 

D. High Frequency Switching 

When considering a switching element for R.F. or video 
type information, two factors must be watched: attenua­
tion vs. frequency characteristics of an ON switch, and 

feedthrough vs. frequency characteristics of the OFF 
switch. Optimizing the first characteristic requires a 
low RON x CD product, and the second a low value of 
CDS (OFF). 

One approach is to use the 30 ohm switch types of the 
H 1-5040 series. 

Figure 9 illustrates three circuit configurations; (a) is a 
simple series switch, (b) is a series-shunt configuration to 
reduce feedthrough, and (c) is a SPDT selector configura­
tion with series-shunt elements. A 1K ohm load is 
illustrated, which might be the input impedance of a buf­
fer amplifier; a lower load resistance would improve the 
response characteristics, but would create greater losses 
in the switch and would tend to distort high level signals. 

SIG.GEN. 

(al 

SIG. GEN. 

(bl 

''''''~} 

lei 

HI-5046A r-----l 
I I 

I I 
I I L ____ .J 

'-----_-o-vs·5V 

FIGURE 9. 

Figure 10 shows ON and OFF frequency response for 
each of the above configurations. Arbitrarily, we will de­
fine useful frequency response as the region where ON 
losses are less than -3dB and OFF isolation is greater than 
-40dB. 
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The simple configuration (a) has excellent ON response, 
but OFF isolation limits the useful range to about 1 MHz 
(the data sheet indicates -SOdS isolation at 100kHz, but 
this is measured with 100 ohms load, which acounts for 
the 20dS difference). 

The circuit in (b) shows a good improvement in isolation 
produced by the low impedance of the shunt switch. The 
useful range is about 10MHz; which could also be 
achieved in a simple SPOT 2-switch selector if source 
impedances are very low. 

The selector switch in (c) has excellent characteristics, 
both ON and OFF curves indicating 40MHz useful re­
sponse. Additional switches connected to the same point 
would reduce the ON response because of added shunt 
capacitance; but this could be eliminated by feeding 
separate summing amplifier inputs. 
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FIGURE 10. 
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For many applications, a better approach is to use the 
HI-524 monolithic wide band CMOS multiplexer. This 
device utilizes a series-shunt multiple switching network 
to achieve low crosstalk without sacrificing or com­
promising other operational parameters. As shown in 
Figure 11, each channel comprises three CMOS FET 
switch gates, with two in series and the third shunted to 
ground. The two series switches ensure both a high off 
isolation and low feed-through capacitance. The shunt 
grounding switch, closed automatically by the control 
logic when its corresponding series pair are open, shunts 
nonselected channels to ground, thus minimizing cross 
talk. With this circuit topology, crosstalk is typically -60dS 
at 10MHz. 

A buffer amplifier is used with the HI-524 for high fre­
quency applications, due to its higher ON resistance, and 
should offer sufficient bandwidth and slew rate to avoid 
degradation of the anticipated signals. For video switch­
ing, the HA-5033 and HA-2542 offer good performance 
plus ±100mA output current for driving coaxial cables. 
For general wideband applications, the HA-2541 offers 

18 
FBI IN) 

SIG GND >-'1c::.3+-__ -J 

IN 2 14 

16 F8IDUT) 

SIG GND >-1:.!:.5+-__ -J 

IN 3 '>--'-1--4" 0--+---1';""-< OUTPUT 

SIG GNO >-~ ___ ...J 

IN 4 

SIG GND >-...:4+-__ .....J 

SIG GND 

·15V PWR +15V EN Au Al 
GND 

FIGURE 11. 

the convenience of unity gain stability plus 90ns settling 
(to ±0.1%) and ±10V output swing. Also, the HI-524 in­
cludes a feedback resistance for use with the HA-2541. 
This resistance matches and tracks the channel ON resis­
tance, to minimize offset voltage due to the buffer's bias 
currents. 

Careful layout is, of course, important for high frequency 
switching applications to avoid feedthrough paths or ex­
cessive load capacitance. 

Alternatives to CMOS Switches 
and Multiplexers 
CMOS devices are excellent in many applications. 
However, there are some other devices which merit con­
sideration in certain analog switching circuits where they 
may improve performance, reduce parts count, or be 
more economical. 

A. The PRAM, Programmable Amplifier 

The HA-2400/2405 is a unique monolithic bipolar circuit 
which combines analog switching with high performance 
operational amplifiers. It basically consists of four op amp 
type input stages, anyone of which is connected to a 
single output by bipolar switches controlled through a 
TTL compatible address decoder. In a single package, it 
contains the equivalent of 5 op amps plus a 4 channel 
multiplexer. It has literally hundreds of applications in sig­
nal selection and programmable signal conditioning. 

Figure 12 illustrates a four channel multiplexer. Connec­
tions from the output to each input stage are always the 
same as a comparable op amp circuit; the+1 gain connec­
tion is illustrated. 
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(b) ANALOG MULTIPLEXER WITH BUFFERED INPUT AND OUTPUT 

FIGURE 12. 

Advantages over a comparable CMOS multiplexer circuit 
areas follows: 

1. High input impedance (1012 ohnms), low output 
impedance «0.1 ohm) means than ON resistance 
and leakage currents are no longer of concern. There 
is negligible transient loading of input lines. 

2. Gain filtering, etc. can easily be added with feedback 
networks. 

3. Fast acquistion (1.5J.1s). 

4. Wide bandwidth (SMHz). 

5. Superior feedthrough characteristics (-11 OdB at 
10kHz, -SOdB at 1MHz). 

Disadvantages include: 

1. Less accuracy for low level D.C. signals; the offset 
voltages of each input stage do not necessarily 
match or track each other. 

2. Cannot be used in reverse as a demultiplexer. 

3. Disabling the device (enable pin low) does not open 
the output line, or drive the output to zero. Adding 
channels may be accomplished by tying compensa­
tion pins together. 

Figure 13 illustrates the PRAM used as a programmable 
gain amplifier. Any connection possible with op amps can 

be wired 4 ways to make programmable active filters, 
oscillators, etc., etc. Harris Application Note 514 shows 
many possibilities. 

''''' 
>--l}---t--<> OUTPUT 

v- --0 lSV 

FIGURE 13. 
AMPLIFIER, NONINVERTING PROGRAMMABLE GAIN 

B. Sample-And-Hold 

The sample-and- hold function has often been ac­
complished with separate analog switches and op amps. 
These designs always involve performance tradeoffs 
between acquisition time, charge injection, and droop 
rate. 

The HA-2420/2425 monolithic sample-and-hold, il­
lustrated previously in Figure 3 has many times better 
tradeoffs, usually at a lower total cost than the other 
approaches. The switching element is a complementary 
bipolar circuit with feedback which allows high charging 
currents (30mA), low charge injection (10pC), and ultra 
low OFF leakage current (SpA); a combination not ap­
proached in any other electronic switch. These factors 
make it also superior as an integrator reset switch, or as a 
precision peak detector as shown in Figure 14. Harris 
Application Note 517 illustrates many other applications. 

RESET 
J1. OPEN COLLECTOR 

TTL GATE 

FIGURE 14. 

OUT 
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No. 521 Harris Analog 

GETTING THE MOST OUT OF CMOS DEVICES 
FOR ANALOG SWITCHING JOBS 

By: Ernie Thibodeaux 
and AI Little 

Introduction 

CMOS analog switches and multiplexers are now widely 
used for a broad range of applications. They offer low 
power consumption, low on-resistance, and will conduct 
a signal in either direction. In addition, CMOS switch 
structures exhibit no DC offset voltage and can usually 
handle signals up to the supply rails. 

Not all CMOS analog switches are alike, however. 
Different technologies are employed by different manu­
facturers. Some types, handicapped by inherent process 
limitations, can create significant problems for the user. 
Switches built with older types of junction isolation, for 
example, can literally self-destruct when a latch-up con­
dition occurs. To prevent destruction, costly external 
protective circuits are needed, but the devices can still 
latch up unless the power is turned on and off in a set 
sequence. Switch circuits can also be destroyed byelec­
trostatic discharge, input overvoltage spi kes and power 
supply transients. 

Newer types of technologies include latch-proof junction 
isolation (JI), floating-body junction isolation, and dielec­
tric isOlation (01). Both JI techniques are conventional 
processes that have been slightly modified to alleviate the 
old problem of latch-up. However, both of these JI 
technologies still require costly external protection cir­
cuits to guard against burn-out in such applications as 
analog-signal multiplexing that interface them with the 
outside world. That is why JI devices are best suited for 
internal-switching applications where the electrical 
environment can be controlled. In contrast, the improved 
01 technology, by virtue of its construction, offers analog­
switching devices suitable for many inside applications, 
as well as providing on-board analog protection for 
devices that interface with the other circuits. Happily, the 
smaller substrate area of the 01 device delivers a better 
speed-power product than the JI technology. 

The Basic CMOS Switch 

The basic CMOS transistor (Figure 1) has parasitic junc­
tions that are reverse-baised during normal operation. 

However, certain overvoltage conditions can forward­
bias these junctions to cause high currents that could 
possibly destroy the devices. 

GATE 

l n-CHANNEL 

1 1 
~~ 

SOURCE V~ DRAIN 
Vs v+ BODY r-----. OUT 

;;( 
T I 

{V+ 2:: Vs 2:: V-I T p-CHANNEL 

GATE 

FIGURE 1. BAD 

In the basic CMOS analog switch, the parasitic junctions are reversed­
biased during normal operation. Large overvoltages, however, make them 
forward-biased and draw large currents. 

The parasitic junctions are actually npn and pnp transis­
tors that are normally reverse-biased by the applied body 
potentials. However, because many analog switches, and 
especially multiplexers, are connected to their analog 
sources through long lines, they are highly susceptible to 
externally induced voltage spikes. For example, these 
spikes, which can often exceed the p-channel body 
potential, V+, can inadvertently turn on a normally off 
switch through the parasitic pnp transistor (Figure 1). 

The n-channel device is similarly affected when the para­
sitic npn transistor is turned on by a negative overvoltage. 
This action, commonly known as channel interaction, 
causes momentary channel-to-channel shorting, which 
introduces significant errors in the system. This intermit­
tent condition is rarely isolated because it occurs only 
randomly. 
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One of the adverse effects of channel interaction is 
illustrated in Figure 2. Channel 1 of an analog multiplexer 
is selected when all other channels are off. Channel 16 re­
ceives an input-noise spike that momentarily exceeds the 
positive supply. The sequence causes channel 1 read-out 
to be +16V because of interaction with channel 16 just be­
fore initiating the hold command to the sample-and-hold 
device. To prevent this annoyance requires additional 
protective circuits that clamp each channel input to a vol­
tage below the threshold of the parasitics to ensure that 
the channels remain inactive under any conditions. 

CH 1 (ON) 

t +5V 

MULTIPLEXER 

RON 

CH 16 (OFF) 

+10V 
V+ ~ +15V 

MUX 
ADDRESS 

SAMPLE/HOLD 
CONTROL 

CH 16 
(NOISE SPIKE) 

TO A/O 
.---~ CONVERTER 

CH I{ON) 

SAMPLE HOLD 

U 
+16V 

+IOV n 
PARASITIC TURNS ON __ +16V 

rDl MUX 
OUTPUT 

+16V 
SAMPLE/HOLD ;!iJ OUTPUT 

FIGURE 2. WORSE 

With CMOS devices, noise spikes can cause channel interaction. In this 
multiplexer, although channel 1 is only one selected, noise spikes cause 
cross talk in channel 16, which affects reading. 

A more serious condition exists when the substrates 
(p- or n-) lose their respective potentials to ground 
(Figure 3) -a condition that occurs when power to the 
device is turned off while the analog signals are still pre­
sent. In this situation, the analog switch, which at that 
pOint represents a diode connected through the low 
impedance of the supply, draws high current from the 
analog source. 

This current turns on the switch through its parasitics and 
shorts all channels to the output. These shorts can easily 
be catastrophiC in multiplexer systems that have different 
power supplies for the analog source and the multiplexer 
switch. An error during troubleshooting or an inadvertent 
supply glitch can trigger this fault mode and destroy the 
whole system. Therefore, there is obviously much more to 
system reliability than having latch-proof CMOS devices. 

ISHORT 

,5¥ 
IFA':y 

IN 

ISHORT 

FIGURE 3. STILL WORSE 

MUX 
OUT 

Most serious in CMOS swithes is losing substrate potential to ground. This 
condition, which happens when power is lost and the analog signal is pre­
sent, causes very high currents. 

Considering Latch-Proof JI Technology 

The standard JI process has been modified by what is 
claimed to be latch-proof construction through control of 
the effective betas of the parasitic transistors. A cross sec­
tion in Figure 4(a) shows the CMOS structure along with 
its parasitic transistors and the equivalent circuit in Figure 
4(b) that gives rise to the silicon-control led-rectifier latch­
up problem. 

Under any of the fault conditions previously mentioned, 
the npn and/or pnp can trigger this quasidual-gate SCR 
into a state of high conduction. If the transistor fJ product 
is 1 or greater, this configuration is sustained until either 
the device burns up or all sources of power are removed. 
By using a buried-layer configuration, as shown in the 
cross section, the fJ product is reduced to less than 1, 
eliminating the latch-up conditions. 

Again, especially in multiplexer applications, the latch­
free devices do not guarantee against destruction, and the 
J I multiplexer still requires costly discrete circuits around 
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(a) (b) 

FIGURE 4_ LATCH-PROOF. 

Junction-Isolated devices are now made latch-proof with a buried-layer configuration (aJ, which keeps beta of parasitic transistor under unity, That kills 
chance for latch-up (b), which plagues devices built with older junction-isolation technology, 
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+15 

+15 
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FIGURE 5. PROTECTION STILL NEEDED. 

Although new JI devices won't latch up, they still can be destroyed by large currents, That's why typical JI multiplexers, like the one shown here, still need 
to be surrounded by external protective components, which drive up system costs. 

the device, as shown in Figure 5, If an overvoltage exists, 
the resistor/diode circuit at each analog input limits the 
input vOltage to the supply-voltage range to prevent the 
parasitic transistor action, 

The resistors limit the overvoltage currents through the 
diodes, The diodes must have a low threshold voltage­
much lower than the 0,6V silicon-junction threshold of the 
internal parasitic diodes-to ensure that the parasitics do 
not turn on. 

A germanium diode offers a low threshold voltage, but its 
high leakage current makes it impractical, especially in 
0.1% systems. Therefore, in most applications, more ex-

pensive low-leakage diodes are used. 

For example, Schottky diodes meet the requirements but 
they are expensive, The total cost per multiplexer, in­
cluding parts and labor, for the discrete protection circuit 
may well be double the initial purchase price of the device. 
Even then, its reliability will never approach that of an IC 
that has this protection already built in, 

The Floating-Body JI Technology 

Standard JI technology allows another approach to latch­
proof device construction: a portion of the SCR continuity 
is broken by floating the "body" or substrate of the 
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n-channel switching device. A cross section of this 
process is similar to that in Figure 4(a), excluding the 
buried layer and the negative supply connection to the 
p- substrate, so that the dual-gate SCR is changed to a 
single-gate device that can only be triggered by the pnp 
parasitic. This, of course, reduces the latch-up probability 
by 50%. 

To completely eliminate latch-up, as before, the f3 product 
of the transistors is reduced to less than 1. This ac­
complishment, certainly a significant improvement over 
the conventional process, offers greater reliability, but 
certain trade-ofts must be made when the body of a 
MOSFET is floated. 

Nominal source-to-drain breakdown voltages are re­
duced which limit the peak-to-peak signal range. Over-all 
breakdown is limited by the collector-emitter breakdown 
voltage, BVCEO, of the non-parasitic transistor of the 
floating n-channel MOSFET. The breakdown voltage in­
creases with the degree of reverse-bias potential applied 
to the substrate. With a floating body, BVCEO is mini­
mum, so particular care is necessasry when using these 
devices in configurations such as single-pole double­
throw, dpst, and dpdt, where each side of the switch 
connects to opposite polarities. The peak-to-peak 
handling capability is specified at a minimum of 22V; 
therefore, 30V pk-pk cannot be switched with ±15V sup­
plies, as it can with other CMOS devices. 

What's more, the leakage currents of floating-body JI 
devices are higher than other types, simply because the 
ICEO of the floating base for the npn is much greater than 
ICBO of other devices having fixed reversed-biased body 
potentials. The increased leakage currents in spst 
switches may not be too significant. 

However, in multiplexers that have the outputs of as many 
as 1S switches tied together in one IC, thetotal summation 
of currents can significantly affect system accuracy. For 
example, the specification for a worst-case 1S-channel 
floating-body multiplexer is 10 microamperes, and the 
channel on resistance is 550 ohms. The DC offset error 
would be 5.5 millivolts, representing an accuracy to 
0.055%. 

Other 1S-channel types specify worst-case parameters of 
500 nanoamperes and channel resistance between 550 
ohms and 2 kilohms. Their DC offset error is between 
0.28mV and 1 mY, respectively, allowing accuracy to 
0.01 % or better. 

Finally, the effective off impedance of the floating-body 
switch is degraded by the floating-body technique. Oft­
isolation characteristics of a MOSFET are primarily 
determined by its source-to-drain capacitance. But with 
the base floating, the effective capacitance from emitter to 
collector is increased by the series combination of 
emitter-base and base-collector-junction capacitances 
(Figure Sa). This increase degrades the over-all oft-isola­
tion characteristics. For example, the off isolation for a 
typical floating-body channel at 1 megahertz that has 
RL = 100 ohms is specified to be -54 decibels, which 

compares favorably with other types. However, at lower 
frequencies such as 1kHz, the isolation is only -S2dB, 
compared to more than -110dB for improved devices. 
Capacitances C1 and C2 for them are shunted by the low 
AC impedance of the supply voltage (Figure Sb). 

FLOATS 

C, ~. c, ,F : ]0 1'1 'OUT 
Ca ':' 

IN , 

la) 

OFF ISOLATION = 20 LOG lOUT liN) 

IN >---;;S:-t--_..J ~--..-:---..--+ OUT 

Ibl 

FIGURE 6. FLOATING BODIES. 

Floating-body switches have degraded "off" impedance because total 
capacitance <a) combines two iunction capacitances. In 01 circuit (b), 
capacitances are shunted out. 

The Linear Dielectric-Isolation 
Technology 

The linear dielectric-isolation process requires no modifi­
cations to guard against latch-up. Its basic construciton 
ensures that the SCR configuration that causes latch-up 
can not exist. The functional cross section in Figure 7 
reveals the silicon-dioxide isolation barrier fabricated 
between all parasitic transistors. This isolation allows 
each active element to be self-contained and independent 
with no interface junctions. At most, only three-layer 
structures are permitted for each tub, so that four-layer 
structures, or SCRs, are impossible. Also, since the 01 
technology requires no guard bands, junction capa­
citances, leakage currents, and size are minimized. The 
resulting increase in packing density per wafer, together 
with increased yields, enables these devices to be cost­
competitive with other types. 

GATE ISOLATION GATE 

FIGURE 7. HOW 01 DOES IT. 

Dielectric isolation eliminates latch-up by a silicon-dioxide isolation bar­
rier between devicees. This separates all active elements, eliminating 
interface junctions that cause parasitic SCRs. 

In working with 01 devices, the IC designer is not 
burdened with the fixed substrate potentials found in JI 
devices. He may let the substrate float, fix it to some 
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potential, or even modulate it. Figure 8 depicts a typical 01 
analog switch circuit that minimizes the variation of on 
resistance with the analog signal. Ordinarily, in con­
ventional circuits, the body or substrate potentials of the 
nand p-channel devices are fixed and the source-to-body 
bias potentials vary with the analog input voltage. This 
change in body bias causes a wide variation of on resis­
tance within the analog signal range. However, in the 01 
circuit, the bodies of P1 and N1 are connected together 
through N3 during the on state. This allows the body to 
follow the input voltage providing a constant source-body 
bias and therefore a constant on resistance. Ouring the 
offstate, the bodies of N1 and P1 are at their respective 
supply potentials through P2 and N2, thereby preserving 
high off isolation and low leakage currents. 

FROM DECODE 

FROM DECODE 

FIGURE 8. 01 DOES IT. 

In dielectrically isloated switches, on resistance modulation by the analog 
input is minimized by connecting N, and P, bodies together through N3. 

Designing a Foolproof CMOS 
Analog Multiplexer 

In dielectrically isolated multiplexer circuits, protection 
can be provided on the chip primarily to eliminate channel 
interaction. This protection prevents normally off 
channels from being turned on by parasitics from other 
channels. And because this interaction is prevented, even 
worst-case power-supply faults cannot destroy the de­
vice. Moreover, since 01 structures have no SCR effect, 
protection against latch-up and power-sequencing are 
not necessary. In short, 01 multiplexers with built-in pro­
tection can withstand virtually any conceivable fault from 
the outside world. 

The typical protected 01 multiplexer (Figure 9) benefits 
from a combined bipolar/CMOS technology. The 
illustrated bipolar section is used to sense an analog over 
voltage condition and steer current away from the 
parasitic MOSFET junctions. Each of the switching de-

vices, N1 and P1, has its own proteciton circuits. Oevices 
P3, 06, 07 and 06 protect P1, while N3, 04, Os and 
aS protect N1. When the switch is off, the substrate of the 
p-channel FET, P1, is connected to V+ through P3 and 
diode 07 for maximum isolation and low leakage currents 
in the off state. If the input voltage suddenly exceeds V+, 
the source-body junction, which would normally con­
duct, is instead clamped by transistor 06. 

FROM DECODE 

:;, FROM DECODE 

FIGURE 9. WINNING COMBINATION. 

Combining bipolar and MOS technologies in the same multiplexer gives 
built-in protection. This circuit is typical for each channel in multiplexers 
HI-S06A/07A/OBA/09A and HI-S46/4714B/49. 

The base-emitter junction conducts to hold the source­
body diode off with a saturation voltage VCE(SAT) of 
about 02.V. Thus clamped, the switch is protected from 
the effects of overvoltage. 

Clamp 06 always turns on before the forward-voltage 
drop of the source-body diode is exceeded because diode 
06 requires an additional forward-voltage drop for 
conduction though the parasitic jUl1Giton. Moreover, 
resistor R1 limits the current flowing through 06 when 
high overvoltages exist. Although R1 adds to the total on­
resistance of the channel, its associated error is insignifi­
cant, since most systems provide high-impedance 
buffering anyway. For negative overvoltages, N1 is 
similarly protected. What's more, the protection circuit, 
rated at a continuous overvoltage of 3SV, reveals a cross­
talk current of only about SnA (Figure 10). 

When the switch is normally turned on, the substrates of 
N1 and P1 are connected together through N2, which, as 
described before, results in a constant on resistance. 

This condition represents an absolute error from channel 
interaction of only 6 microvolts (RON x SnA) - certainly 
negligible in most systems. In contrast, floating-body 
types have guarantees only that they won't be burned up 
by ±2SV overvoltage. Their manufacturers do not make 
any claim against channel interaction. In fact, channel in­
teraction occurs readily in these devices when the n- and 
p-channel thresholds are exceeded by an overvoltage. 
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For example, the n-channel device, although floating, 
would be inadvertently turned on if the analog input 
exceeded the negative supply by its gate-to-source thres­
hold, which is typically 1.5V. 
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FIGURE 10. BLOCKING CROSS TALK. 

01 switches have minimal cross-talk problems. An overvoltage of 33V pro­
duces a cross-talk current of only 5nA - an absolute error from channel 
interaction of only SIN. 

In addition to handling continuous input overvoltages, the 
HI - 506 A / 546 series multiplexers also survive very 
large transient conditions. These devices typically 
withstand repeated static discharges well beyond 4,000 
volts at any analog input. In fact, even the unprotected 
HI-506/507/508/509 units can withstand discharges 
beyond 3,000 volts, though they do not compare to the 
steady state and signal protection offered by the "A" 
series. 

Adding Benefits 

Additional DI benefits are passed on to the user in the 
design of the digital input-protection circuit shown in 
Figure 11. The fabrication of all components as isolated 
silicon islands eliminates any possibility of latch-up. The 
diodes switch fast and quickly discharge any static 
charge that may appear at the digital MOS input gates. 
Tests have shown that the digital inputs can typically 
withstand repeated discharges at the 2,000 volt level. 

The DI technology enables a wide variety of active 
elements to be integrated on the same chip to provide 
maximum versatility. For example, in the transistor-tran­
sistor-Iogic/CMOS reference circuit shown in Figure 12, 
the bipolar technology enables realization of a simple 
zener reference circuit, consisting of resistor R2 and tran­
sistors 0.1, 02, and 03. 

V+ 

V, = O.BV 
200n 

TO 

DIGITALIN 
ADDRESS 
BUFFER 

V, = O.BV 

V-

FIGURE 11. DIGITAL PROTECTION. 

01 devices also protect digital inputs. For example, the diodes in this cir­
cuit quickly discharge any static charge that may appear on an MOS input 
gate. 

TO Pa 

P2 

Q6 

Q9 

5V 

FIGURE 12. PACKING IT IN. 

01 technology increases chip density of analog switch, allowing more cir­
cuit capability per package. For example, DI designs make possible this In­
ternal logic reference circuit in HI-200 and HI-201 switches. 
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The circuit develops a stable 5V reference for interfacing 
with TTL and eliminates the need for an additional 5V 
logic supply. Current for the zener (03) is supplied 
through the normally on MOSFET, P1, which can be 
easily turned off if not needed to minimize power 
consumption when interfacing with CMOS-logic circuits. 
P1 turns off when V+ or supply voltage VDD is applied to 
the reference terminal VREF to convert the ICs 
power consumption from bipolar to CMOS level. If power 
is not critical, VREF can be left open to speed switching. 

In high-speed data acquisition systems, the designer is 
concerned with both quiescent power and dynamic 
power consumption. If JI devices are used, the 
capacitance or leakage currents are so high they 
contribute a major portion of total power consumption. 
That situation is caused by the large-geometry parasitic 
junctions formed by the n- junction. 

In contrast, the smaller substrate area of the DI device 
provides much less power drain. Dynamic-power 
consumption as a function of frequency for several 

16-channel analog multiplexers ±15V supplies is shown 
in Figure 13. The DI device consumes only 100mW at 
1MHz to yield the best speed-power product. 
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FIGURE 13. 01 PERFORMS. 

1M 

DI devices not only perform well, butdo it with less power. Dynamic-power 
consumption data for commercial multiplexers shows 01 device 
consuming only 100mW at 1MHz. 
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DIGITAL TO ANALOG 

CONVERTER TERMINOLOGY 
By Dick Ti Tung 

Introduction 

I n recent years the development and rapid reduction 
in cost of digital integrated circuits have resulted in 
an explosion in the applications of digital processing 
systems in the area of data acquisition and automatic 
process control. The need for a building block, 
such as the digital-to-analog converter (DACl, which 
interfaces the digital system with the analog world, 
is evident. 

The purpose of digital-to-analog conversion is to 
produce a un ique but consistent analog quantity, 
voltage or current, for a given digital input code. 
The most commonly used input digital code to a 
DAC is the natural binary number. A natural binary 
number is represented as 

N = An2n + An_12n-1 +. . + A121 + A020 + 
A_12-1 + ... + A_n2 .. n 

where the coefficients A i (for n ~ i ~ -n) assume the 
values of "0" or "1" and is called a "bit". The left 
half portion of the binary number N 

An2n + An_12n-1 + ... + A121 + A020 

constitutes the integer part of the number N, whereas 
the right portion 

A_12-1 + A_22-2 + ... + A_n2-n 

constitutes the fractional part of the number N. The 
bit that carries the greatest weight (left most bit) is 
called the most significant bit, or MSB. Similarly, 
the bit with the smallest weight (right most bit) is 
called the least significant bit, or LSB. 

The analog output of a n-bit binary DAC is related 
to its binary number in the following manner: 

Eo = FS(A_12-1 + A_22-2 + ... + A_n2-n) 

where the term FS is defined as the nominal Full­
Scale output of the DAC and it is known as the un­
reachable Full-Scale. It is easy to see that the actual 
Full-Scale output of the DAC, EFS, with all the 
input bits" 1" is 

EFS = FS(2- 1 + 2-2 +. . + 2-n) = FS(1-2-n). 
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The term FS(1/2n) is the smallest output level that 
the DAC can resolve and it is known as the 1 LSB 
output level change. Ii: is universal practice that the 
input code of a DAC is written in the form of binary 
integer with the fractional nature of the correspond­
ing number understood. 

As an example, the transfer function of an ideal 
3-bit binary DAC is plotted as shown in Figure 1. 
Since a 3-bit DAC has only 8 discrete input codes 
which correspond to 8 different output levels (rang­
ing from zero to 7/8 FS), no other output levels can 
exist and it is plotted as a bar graph. The line that 
connects the Zero and FS is called the Gain Curve. 
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Figure 1 - Ideal Transfer Function 
Straight Binary (Unipolar) 

There are two other input codings associated with 
binary DACs known as Bipolar codes, which are 
offset binary and two's complement binary codes. 
The offset binary code is obtained by offsetting the 
binary code such that the half-scale code, 10 ... 0, 
becomes zero. And the two's complement code is 
achieved by inverting the MSB of the offset binary 
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code such that it is mathematically consistent with 
computer arithmetic. The transfer functions for the 
3-bit DAC with offset binary input code and two's 
complement input code are plotted as shown in 
Figure 2 and Figure 3, respectively. (The +FS and 
-FS limits are used for easy interpretation of Bipolar 
operations. They are not celnfined by the previous 
definition of FS.) 

In practical DACs, the zero output level may not be 
exactly zero (offset error), the range from zero to 
FS may not be exactly as specified (gain error), the 
differences in output levels may not be changing 
uniformly (nonlinearity), and so on. In selecting a 
DAC for a given application, some characteristics 
may have to be weighted more than the others. 
An understanding of some of the terms and charac­
teristics involved in D/A conversion is helpful in 
choosing the correct part. 
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------J-f 
Figure 2 - Ideal Transfer Function 

Offset Binary (Bipolar) 

OUTPUT 

+FS 

100 101 110 

Figure 3 - Ideal Transfer Function 
Two's Complement (Bipolar) 

Terminology 

Least Significant Bit (LSB) - The digital input bit 
carrying the lowest numerical weight (1/2n); or the 
analog output level shift associated with this bit 
(FSR/2n) which is the smallest possible analog output 
step. 

Most Significant Bit (MSB) - The digital input bit 
carrying the highest numerical weight (1/2); or the 
analog output level shift associated with this bit. In a 
binary DAC the MSB creates a 1/2 FSR output 
level shift. 

Resolution - An indication of the number of possible 
analog output levels a DAC will produce. Usually, 
it is expressed as the number of input bits. For 
example, a 12-bit binary DAC will have 212 = 4096 
possible output levels (including zero) and it has 
a resolution of 12 bits. 

Absolute Accuracy - A measure of the deviation of 
the analog output level from the ideal value under 
any input combination. Accuracy can be expressed 
as a percentage of full scale range, a number of bits 
(n bits accuracy means a magnitude of 1/2n FSR 
possible error may exist), or a fraction of the LSB 
(if a DAC with n-bit resolution has 1/2 LSB accuracy 
the magnitude of the possible error is 1/2(1 /2n FSR)). 
Accuracy may be of the same, higher, or lower order 
of magnitude as the resolution. Possible error in 
individual bit weight may be cumulative with com­
bination of bits and may change due to temperature 
variations. Usually, the accuracy of a DAC is ex­
pressed in terms of nonlinearity, differential non­
linearity, and zero and gain drift due to temperature 
variations. 

Nonlinearity (linearity error) - A measure of the 
deviation of the analog output level from an ideal 
straight line transfer curve drawn between zero and 
full scale (commonly referred as endpoint linearity). 

Differential Nonlinearity - A measure of the devia­
tion between the actual output level change from the 
ideal (1 LSB) output level change for a one bit 
change in input code. A differential nonlinearity 
of ±1 LSB or less guarantees monotonicity; that is 
the output always increases for an increasing input. 

Gain Drift - A measure of the change in full scale 
analog output, with all bits 1 's, over the specified 
temperature range expressed in parts per million 
of full scale range per oC (pPM of FSR/oC). It is 
measured with respect to +250 C at high (TH) and 
low (TU temperature, and it is specified the larger 
of the two representing worst case drift. 

Offset Drift (Unipolar or Bipolar) - A measure of 
the change in analog output, with all bits O's, over the 
specified temperature range expressed in parts per 
million of full scale range per oC (PPM of FSR/oC). 
It is measured with respect to +250 C at high (TH) 
and low (TL) temperature, and it is specified the 
larger of the two representing worst case drift. 
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Settling Time - The total time measured from a 
digital input change to the time the analog output 
reaches its new value within. a specified error band. 
Usually, the settling time is specified for a DAC to 
settle for a Full-Scale code change (00 ... 0 to 
11 ... 1 or 11 ... 1 to 00 ... 0) to within +1/2 
LSB of its final value. 

Compliance - Compliance voltage is the maximum 
output voltage range that can be tolerated and still 
maintain the specified accuracy. 

The effects of gain error, offset error, nonlinearity, 
and differential nonlinearity on the transfer functions 
are plotted, respectively, as shown in Figure 4, 5, 
6, & 7. A conversion chart which shows the number 
of bits and its resolution is given in Table 1. 
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Table 1 - Conversion Chart 

RESOLUTION TEMPCO PPM/DC - 1 LSB DRIFT OVER 

LSB % PPM ODC.( TA.( 75DC _55DC <.: TA.( 1260 C 

FS/64 . 1.5620 15,625 208.3 86.8 

FSh28 0.7812 7.812 104.2 43.4 

FShs6 0.3906 3,906 52.1 21.7 

FS/S12 0.1953 1,953 26.0 10.9 

FSh024 0.0977 977 13.0 5.4 

FSh048 0.0488 4BB •. 5 2.7 

FS/4096 0.0244 244 3.3 1.4 

FS/S192 0.0122 122 1.6 0.68 

FSl16384 0.00610 ., 0.8 0.34 

FSh2768 0.00305 31 0.4 0.17 

FS/65536 0.00153 15 0.2 0.08 

N 
N 
II) 

W 
I­
o 
Z 
c.: 
Il. « 



FOR YOUR INFORMATION 

No. 524 Harris Analog 
DIGITAL TO ANALOG CONVERTER 
HIGH SPEED ADC APPLICATIONS 

By Dick Ti Tung and Tom Westenburg 

Analog-To-Digital Converter 
(AD C) 

The uses of high speed DACs in CRT display, industrial 
process control, signal regeneration, etc., are well 
established. Perhaps one of the most important app­
lications is to use the DAC in high speed ADC design. 
There are two types of ADC design where high speed 
and high resolution DACs are essential. 

TRACKING ADC OR SERVO TYPE ADC 

The tracking ADC is very efficient in monitoring one 
analog signal continuously, converting it into a se­
quence of digital codes representing the analog signal 
in real time. 

Functionally, the analog input is compared with the 
output of a DAC, with the digital input of the DAC 
being driven by a counter. After the ADC is turned 
on, the counter increments until the DAC output 
crosses the analog input value. The counter will then, 
running up or down, drive the DAC 1 LSB at a time 
to track the input signal. The counter state repre­
sents the digital equivalent of the input signal. 

In Figure 1, the analog input is fed into the span re­
sistor of a DAC. The analog input voltage range is 
selectable in the same way as the output voltage range 
of the DAC. The net current flow through the ladder 
termination resistance, i.e.2kn for HI-562A,produces 
an error voltage at the DAC output. Th is error voltage 
is compared with 1/2 LSB by a comparator. When 
the error voltage is within ± 1/2 LSB range, the Q 
output of the comparators are both low, which stops 
the counter and gives a data ready Signal to indicate 
that the digital output is correct. If the error exceeds 
the ± 1/2 LSB range, the counter is enabled and driven 
in an up or down direction depending on the polarity 
of the error voltage. 

Since the digital output changes state only when there 
is a signific;mt change in the analog input, the data 
ready signal is then very useful in adaptive systems or 
computer systems for efficient data transfer. When 
monitoring a slowly varying input, it is necessary to 

read the digital output only after a change has taken 
place. The data ready signal could be used to trigger 
a flip-flop to indicate the condition and reset it 
after read-out. 

The main disadvantage of the tracking ADC is that the 
time required to initially acquire a signal, for a 12 
bit ADC, could be up to 4096 clock periods. The 
input signal usually must be filtered so that its rate 
of change does not exceed the tracking range of the 
ADC (1 LSB per clock period). 

SUCCESSIVE-APPROXIMATION ADC 

Perhaps the most widely used technique for a high 
speed analog-to-digital converter design is the success­
ive approximation method. Ideal for interfacing with 
computers, this type is capable of both high speed 
and high resolution, and the conversion time is fixed 
and independent of the magnitude of the input 
voltage. 

Figure 2 shows a block diagram of a successive­
approximation ADC. When a negative going start 
conversion pulse is applied to the ADC, the internal 
registers of the successive approximation register 
(SAR) are set to low except for the MSB, which is set 
to high. This turns on the MSB of the DAC. The 
FS output current of the DAC is compared with the 
current fed through the span resistor by the analog 
input. The net current flow through the ladder ter­
m ination resistance produces an error voltage at the 
DAC output. This error voltage is then compared 
with a fixed reference by a comparator to determine 
whether the analog input is greater or less than the 
present state of the DAC. The result of the compari·­
son is clocked into the SAR at the rising edge of the 
clock. The MSB of the SAR will be set to high if the 
analog input is greater; otherwise, it will be set to low. 
At the same time, the second bit of the SAR is set 
to high with the remaining bits attheir previous states. 
During the second clock period, the sum of the result 
of the first choice and the weight of the second bit is 
compared with the analog input. The second bit is 
set to high or low in the same manner as the MSB, 
and so on, until the LSB is updated. 
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During this conversion time, the output of a status 
flip-flop is set to high, indicating that a conversion is 
taking place, It will return to low at the end of con­
version to signify that the output state of the SAR 
represents the digital equivalent of the input analog 
voltage. 

It is easy to see that in any successive-approximation 
ADC application, the analog input should remain 
reasonably constant during the conversion to avoid 
erroneous results. This is usually accomplished by 
using a sample-and-hold circuit in the analog line. 

However with the new digital error correction cir­
cuitry incorporated in the H 1-774A the input can 
vary. During the first portion of the conversion the 
input can move up to +0.78%/-0.76% of FSR and re­
main 12-bits accurate. This error correction window 
allows the user to start a conversion before the input 
has completely settled. 

Data Acquisition System 

The typical data acquIsition system is depicted in 
Figure 3. The HI-506 multiplexer is used as an 
analog input selector. Which is controlled by a 
binary counter to address the appropriate channel. 
The HA-5330 is a high speed sample and hold. 
Sample Hold Control is tied to the status (STS) 
output of the H 1-774A, so that whenever a con­
version is in process the S/H is in the hold mode. 
A conversion is initiated by the clock input go­
ing low, and when the clock goes high the mux ad­
dress changes. The mux will be acquiring the next 
channel while the ADC is converting the present 
input, held by the S/H. The clock low time should 
be between 225ns and 6.5J..Ls, with the period greater 
than 8.5J..Ls. With this timing R/C will be high at the 
end of a conversion so the output data will be valid 
'" 1 OOns before STS goes low. This allows STS to 
clock the data into the storage register. The register 
address will be offset by one, if this is a problem 
then a 4-bit latch can be added to the input of the 
storage register. With a 100KHz clock rate each 
channel will be read every 160J..Ls. 

This 16-channel data acquisition system is applicable 
to industrial process control, and multi-channel panel 
display. It can also interface with an intelligent term­
inal, such as a micro-computer system, to provide 
multi-channel data conversion function. The offset 
error and gain error of the data acquisition system 
over the operating temperature range can be easily 
compensated by proper programming. 

By the same token, a 15-channel data acquIsition 
system with offset correction could be easily incorp­
orated as shown in Figure 4. Consider the case that 
one of the analog input channels is dedicated to sense 
the ground level, and its binary equivalent is stored in 
latch register B in its complementary form to establish 
a ground reference in real time. All the other analog 
input channels will then be converted and stored in 

register A, one at a time. The binary adder will per­
form the binary subtraction in less than 1 J..Ls for the 
given pair of A and B. This, in fact, eliminates the 
offset error of the ADC, offset error of the S/H circuit, 
and excess droop of the S/H due to temperature 
variation. 

This circuit is easy to implement and is especially 
useful when an intelligent terminal ·is not available. 
To expand this concept one step further, the gain 
error of the system due to temperature variations 
could also be eliminated if a binary multiplier is 
used to correct the gain facter in real time. 
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HA-5190/5195 FAST SETTLING 

OPERATIONAL AMPLIFIER 
By G. Cotreau, D. Jones, R. Whitehead 

Introduction 

The military temperature range HA-5190 and its 
commercial temperature equivalent, HA-5195, are 
monolithic operational amplifiers featuring ±200V /J.J. s 
slew rate, 150MHz gain-bandwidth-product, and 70ns 
settling time. Similar performance has previously 
been available only in more costly modular and hybrid 
amplifiers, which require much higher bandwidth and 
slew rate to achieve the same settling time as HA-
5190/5195. Since it exhibits a classical -6dB/octave 
rolloff over most of its frequency range, remark­
ably smooth output wave forms are generated by HA-
5190 when reasonable care is employed. 

Applications for this op amp include pulse, RF, and 
video amplifiers, wave form generators, high speed 
data acquisition and instrumentation circuits. 

Inside the HA-5190/5195 

Figure 1 shows the schematic of the HA-5190/5195 
design. The schematic can be simplified to show the 
AC signal path as shown in Figure 2. 

The input stage consists of two symmetrical diff­
erential transistor pairs. The signal path for positive 
going signals is 01, 02, and 03, while negative going 
signals pass through 04, 05, and 06. The signal then 
goes through the output stage (represented by the 
voltage follower symbol) consisting of one PNP and 
two NPN emitter followers. 

In Figure 2, the compensation network is C1, C2, C3, 
and R29. This network makes the amplifier system 
appear as second-order critically damped. The scheme 
produces the dominant pole plus two zeros. The zeros 
are positioned to cancel the effects of undesired poles 
developed by the Ft ~f the transistors. 

Figure 1. HA-5190/5195 Schematic. 

Figure 2. Simplified HA-5190 Schematic. 
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Considerations For Prototyping 
When using the HA-5190, high frequency layout 
techniques are recommened for bread-boarding. The 
device should be mounted through a ground plan and 
all No Connect (NC) Pins should be tied to this plane 
for pin isolation. If an IC socket is to be used, Teflon 
types are recommended. Feedback components should 
be mounted between Teflon insulated standoffs 
located as close as possible to the device pins. 

The input impedance characteristic of the HA-5190 
is such that the closed loop performance (DC and AC) 
will depend on both the feedback component ratio 
and the actual impedance presented to each amplifier 
input. For best high frequency performance, resistor 
values for feedback networks should be limited to a 
maximum of 5K ohms (preferably less than 1 K ohm). 
Film type resistors are recommended. Power supply 
decoupling with ceramic capacitors from the device 
supply pins to ground is essential. 

It is recommended that optimum circuit values for a 
particular application be developed through experi-­
mentation using amplifiers from several production 
runs. The PC artwork in the vicinity of the HA-
5190 should be prototyped early to determine any 
sensitivites to layout. 

OPERATION AT ELEVATED TEMPERATURES 

HA-5190/5195 may be used without a heat sink up 
to +750 C, ambient. Above this temperature, the 
power derating is 9.6mW/oC for the 14 Lead Ceramic 
DIP. THERMALLOY Model 6007 or AAVID Model 
56028 are recommended. For the 12 Lead To-8 Metal 
Can, Ilerate at 11.5mW/OC and recommended heat 
sinks are THERMALLOY Model's 2240A or 22688. 

FREOUENCY COMPENSATION 

HA-5190/5195 is stable in standard DC amplifier 
configurations with closed loop gains exceeding +5 or 
-4. At these or higher gains, optimum AC performance 
can be ach ieved by keeping network resistor values as 
low as is practical. 

Quite simple circuitry, as illustrated in Figure 3, gives 
excellent performance for lower closed loop gains. 
The compensation schemes use the amplifier's differ­
ential input impedance-to reduce both the input and 
feedback signals thereby raising the effective noise 
gain approximately 14d8 to a stable point on the 
frequency response curve. 

Inverting and non-in.verting unity gain connections for 
HA-5190 are shown in Figure 3 (a) and (c). R3 and 
R5 serve only to balance DC voltage offsets due to 
input bias current, and may be replaced with a short 
for AC applications. C1 is not neccessary for stability, 
but helps reduce overshoot and smooth the frequency 
response. Settling time or frequency response can be 
optimized (about 30MHz small signal bandwidth is 
practical) by fine tuning component values. 
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(a) Gain = ~1 

•• 

(b) Stabilization using ZIN. 

C11000pF 

(c) Gain = +1 

~ 
~ 

(d) Stabilization using ZIN. 

(e) Non-inverting gain stage. 

•• .----./l1lI'----, , , 
: C2 ~ , , 

If) Integrator 

Figure 3. Compensation 1 + ~ < 5. 
recommended when R 1 



For closed loop gains between 1 and 5, reducing R 1 
in Figure 3 (a) and (e) will raise the gain with mini­
mum effect on bandwidth. However, in the inverting 
configuration, R 1 determines the input impedance, 
and it may be more practical to raise R2 at the ex­
pense of bandwidth. In Figure 3 (e), R4 and R5 may 
be reduced as gain is increased and removed entirely 
at gains greater than +4. 

For applications requiring 100% feedback at high 
frequencies, such as integrators and low pass filters, 
HA-5190/5195's compensation scheme should be 
thoroughly evaluated through experimentation. The 
circuit in Figure 3 (f) is quite stable, using the two 1 K 
ohm resistors. 

Suggested Methods For 
Performance Enhancement 

To avoid compromising AC performance, the HA-
5190 design does not include provisions for internal 
offset adjustment. 

The circuits in Figure 4 (a) and (b) show two possible 
schemes for offset voltage adjustment. 

Figure 5 (a) and (b) uses the inherent qualities of the 
FET to reduce input bias currents by several orders of 
magnitude and raise input impedance to thousands of 
megohms. Both circuits are shown in the unity gain 
follower mode. Circuit gain can be implemented using 
normal feedback techniques. To optimize for speed, 
care should be taken in layout. Experimental results 
yielded slew rates of approximately 130V/Ms. 

Figure 5 (c) illustrates a composite inverting amplifier 
which greatly reduces DC errors due to the HA-5190 
input bias current and gain, while retaining superior 
settling time. The 0 dB frequency of the integrator 
section approximates the open loop low frequency 
pole (",2.5kHz) of the HA-5190. This circuit might 
also be connected as a current-to-voltage amplifier 
for use with a high accuracy, high speed DAC. 

Figure 6 shows a composite amplifier scheme for 
boosting output current drive of the HA·5190/5195. 
The circuit gain (shown AV = 5) can be adjusted 
using normal feedback systems. HA-5190 used in 
conjunction with HA-5033 can drive 50 ohm coaxial 
cable, with proper termination to 250M Hz. 

Applications 

INTRODUCTION 

HA-5190/5195 represents an ideal building block for 
high speed, precision data acquisition systems and for 
video pulse amplification. Although this amplifier can 
be used in a wide variety of other applications, the 
ones to be discussed show where it can be used most 
advantageously. 

R, 

OUTPUT 
R, 

v+ 
R. 

R5 
~50Kn ... R3 

200Kn ~l00n 

(a) v- (b) 
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RANGE OF ADJUSTMENT fOR BOTH NON-INVERTING (LEFT) AND INVERTING 
AMPLIFIERS (RIGHT) DETERMINED BY PRODUCT Of VSUPPLY AND R3/R4 RATIO. 

AV=Z1 +_R_, _ 
R2+ R3 

Figure 4. Offset Nulling. 

(a) • VALUES SHOULD BE DETERMINED 

(b) 

(e) 

EXPERIMENTALL V FOR OPTIMIZED 
PERFORMANCE. 

R1 AND R2~15K· 

INPUT FETS ARE MATCHED PAIR 2N5564 

RIN 

10Kn 

v-

Figure 5. Reducing Input Bias Currents. 
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Figure 6_ Boosting Output Current. 
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Application 1 Fast DAC Output Buffer 

The circuit at right illustrates the HA-5190's useful­
ness as a high speed DAC buffer. 

The amplifier operates as a current-to-voltage con­
verter/output buffer to the HI-5610 which is a pre­
cision 10 bit DAC with output current settling time 
less than lOOns. The voltage divider on the non­
inverting input serves to null any DC errors introduced 
into the system. The amplifier maximizes speed of the 
system since its dynamic performance exceeds that 
of the DAC. 

Application 2 High Speed Sample/Hold 

Sample/Hold circuits are used in many areas of data 
acquisition systems such as de-glitchers for D/A con­
verters and input stages for successive approximation 
A/D converters. 

The circuit at right uses the speed and drive cap­
ability of the HA-5190 coupled with two high speed 
DMOS FET switches. 

The input amplifier is allowed to operate at a gain of 
-5 although the overall circuit gain is unity. Acquisi­
tion times of less than lOOns to 0.1 % of a 1 volt input 
step are possible. Drift current can be appreciably 
reduced by using F ET input buffers on the output 
stage of the Sample/Hold. 

Application 3 Video Pulse Amplifier/75 ohm 
Coaxial Driver 

HA-5190/5195 is also well su ited for video pulse app­
lications. The circuit at right could be found in var­
ious types of video broadcasting equipment where 75 
ohm systems are commonly employed. 

HA-5190 can drive the 75 ohm coaxial cable with 
signals up to 2.5 volts peak-to-peak without the need 
for current boosting. In this circuit the overall gain 
of the circuit is approximately unity because of the 
impedance matching network. 

Application 4 Output Limiter 

HA-5190 is rated for ± 5 volt output swing, and sat­
urates at ± 7 volts. As with most op amps, recovery 
from output saturation is slow'compared to the amp­
lifier's normal response time; so some form of limiting, 
either of the input signal or in the feedback path, is 
desirable if saturation might occur. The circuit 
above illustrates a feedback limiter, where gain is re­
duced if the output exceeds ± (Vz + 2Vf). A 5 volt 
zener with a sharp knee characteristic is recommended. 
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No. 526 Harris Analog 
VIDEO APPLICATIONS 

HA-5190/5195 
By L. E. Garner 

Introduction 

Offering superior performance in video and RF cir­
cuits, the HA-5190/5195 family can be used effec­
tively in the design of television broadcast studio 
equipment, test instruments, and monitoring or 
surveillance TV systems. A very high 200V / J.ls slew 
rate, a full power bandwidth of 6.5MHz, and a fast 
settling time of only 70ns (typ) are but three of the 
unique characteristics which make these devices 
ideal for critical wideband video and R F applications. 
Other features include true differential operation, 
excellent stabil ity with gains;? 5, and complete free­
dom from latch up, the latter a result of the exclusive 
HAR R IS dielectric isolation process combined with 
optimized chip design and layout. 

The op amp family can be used, typically, as studio 
tape head, test instrument, and video camera preamp­
lifiers, as buffers, as broadcast relay link repeaters, 
as coaxial line drivers, and as cable or industrial 
system video repeater and bridging amplifiers. Ex­
tremely versatile, the devices can be operated effec­
tively in AGC and dc gain controlled configurations 
as well as in fixed gain designs, and are fully capable 
of driving low impedance loads. 

When used in standard video amplifier configurations, 
the HA-5190/5195 devices easily meet or exceed the 
performance tolerance specifications of applicable 
current FCC (NTSC) composite TV signal standards 
as well as the requirements of EIA Tentative 
Standard RS-170A. 

Video Performance 

The overall color video performance of the HA 5190/ 
5195 family was confirmed by checking a number of 
standard devices. Tests were made to determine 
both video response and signal/noise ratio under 
typical operating conditions. The basic video ampli­
fier circuit illustrated in Figure 1 was used for the 
tests, with the actual procedures abstracted from those 
described in EIA Standard RS-250-B. The general 
test setup is shown in Figure 2. 
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VIDEO RESPONSE TESTS 

Referring to Figure 1, the test video ampli'fier com­
prised an HA5190/5195 op amp, BNC coaxial input 
jack J 1, input level control R 1 shunted by impedance 
matching resistor R2, input series stabilization 
resistor R3, gain control network R4-Rgain, series 
output limiting resistor Rs, and BNC coaxial output 
jack J2. Operational power was supplied by a 
well regulated and filtered dual line operated 
power supply. 

Jl 

Rgain 

R4 
1Kn 

Figure 1-Test Video Amplifier 

1r::T1~~~)'~R 75n 
147AVIDEO 

TEST 
GENERATORS 

Figure 2-Video Response Test Setup 



Initially, standard NTSC and ciA ramp and timing 
test signals were applied using the T!lktronix Models 
146A (1480) and 147A video test generators. Amp­
lifier performance was observed and measured at 
varilj>lfS levels with a Tektronix 520A Vectorscope 
and HP Model 1715A 200MHz delta time Oscilloscope 
Three of the RS-250-B specified test waveforms 
used are illustrated in Figure 3, including the (a) 
ramp linearity, (b) 12.5T and 21 §ine-squared pulse 
and bar, and (c) multi burst signals. With the test 
signal level maintained at 1.0V p-p, level control 
R 1 was adjusted as needed to establ ish a 1.0V p-p 
output signal (at J2) for each gain value. The Vec­
torscope was used to ~easure color differential 
phase and gain, with the Oscilloscope used to check 
for distortion of the 2T, 12.5T, multi burst and color 
bar signals. The average test results are summarized 
in Table A. All measured values were well within 
Cipplicable specifications. 

Table A - Summary of Test Results 

NOMINAL DIFF DIFF COLOR 

a) 

b) 

c) 

GAIN Rgain R. <I> GAIN 2T 12.5T MULTI BARS 

• ,. 
00 _0.20 -0.5% UNM· UNM* FLAT UNM* 

1k 7SH -0.150 '". UNM- UNM" FLAT UNM-

251n 2.01' -0,20 '". UNM* UNM* fLAT UNM" 
110n 200n _0.4° -<>3% UNM- UNM" FLAT UNM-

'""UNM : UNMEASURABLE DISTORTION 

100 RAMP LINEARITY 
SUBCARRIER = 40 IRE P-P 100 

~ -00 
0-10-16 5658 6264 

pSEC 

pSEC 

100 

NORMAL­
REDUCED--!MULTIOURST 

o 
I 

0-10-16-22-30-36-42-48-54-62-64 

~SEC 

Figure 3-Video Test Signal Waveforms 

SIN RATIO 

Signal/noise (S/N) ratio measurements were made 
using the same basic ampl ifier configuration, but 
with Rgain fixed at 25H2, :t1%, and Rs at 200n 
±5%. The dc power supply terminals were bypassed 
with a 100 IJ F tantalum capacitor. A Tektronix 
147 A NTSC Test Signal Generator was used as a 
signal source, with output measurements made using 
a Rhode & Schwartz Video Noise Meter, as dia­
grammed in Figure 4. The 'Tektronix 147A was 
set to deliver a flat field signai at 50 IRE units, with 
the R&S Video Noise Meter adjusted as follows: 
(a) 10kHz High pass, (b) Video Bandpass, (c) Sub­
carrier Trap OFF, (d) Internal Sync, (e) Tilt & 
Sag Comp OFF. 

Under the specified conditions and with level control 
Rl adjusted to deliver a 1.0V p-p signal at J2, the 
measured p-p signal/RMS noise ratio averaged 68dB, 
or well over the minimum value required by 
applicable standards. 

Figure 4-S/N Ratio Test Setup 

General Considerations 
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Since the HA-5190/5195 devices do notrequire special 
treatment, optimum video performance can be 
achieved by observing standard high frequency design 
and wiring practices. However, the following sug­
gestiens, abstracted in part from HARR IS Application 
Note 525, should prove helpful when developing 
practical designs. 

POWER SUPPLY RE.OUIREMENTS 

A well-regulated., well-filtered dual de power source 
is required for best operation, for the op amps 
draw moderate currents during normal operation. 
Although not essential in all applications, it is rec­
ommended that the power supply I ines be decoupled 
using 0.01 J..I F ceramic capacitors to circuit ground, 
with the capacitors located as near to the amplifier 
terminals as possible to minimize lead inductances. 
I'or optimum 'performance and operation at specified 
parameters, the dc power supply should furnish 
not less than :1:.10V dc, with higher source voltages 
(±15V, typically) preferred. 

TEMPERATURE CONSIDERATIONS 

The HA-5190/5195 devices can be used withoj.Jt heat 
sinks at ambient temperatures up to 750 C. Under 
these conditions, the internally generated heat stabi­
lizes device operation and ensures relative immunity 



to external temperature variations. At ambients above 
750 C, however, the 14 Lead Cerdip devices should be 
derated 9.6mW/oC, with a suitable heat sink, such as 
a THERMALLOV Model 6007, or AAVID Model 
5602B. To provide adequate heat dissipation. For the 
12 Lead To·8 Metal Can derate at 11.5mW/oC and 
recommended heat sinks are THERMALLOV's 2240 
or 2268B. Application Note 556 also suggest safe 
operating area conditions. 

Under some conditions, the internally generated heat 
can affect other components. Therefore, avoid 
mounting temperature sensitive devices or components 
near or directly adjacent to the op amps. 

DESIGN HINTS 

Except for their exceptional performance specifica­
tions, the HA-5190/5195 devices are essentially 
standard op amps and may be treated as such by the 
vidlilo equipment or system designer. Thus, conven­
tional design techniques may be used when develop­
ing specific circuit configurations, as long as max­
imum ratings are observed and adequate compen­
sation is made for device operational characteristics. 
,For example, the closed loop performance (dc and 
ac) at gains~5 depends on both the feedback compo­
nent ratio and the actual impedance at each ampli­
fier input. Since the devices offer a comparatively 
low input impedance, feedback network resistor 
values should be 5kn or less (preferably, less than 
1 kn) for optimum high frequency performance. 

If the intended video application requires a high input 
impedance, a FETpreamp stage may be added ahead 
of the HA-5190/5195 op amp, as shown in Figure 5. 
Full details and an additional FET input circuit are 
provided in HARRIS Semiconductor Application 
Note 525. 

Where used, a FET preamp not only raises the effec­
tive input impedance from (approximately) 10kn 
to thousands of megohms, but also reduces the input 
bias current requirement by several orders of magni­
tude. There is, of course, a trade-off in frequency 
response, with a FET input stage reducing the effec­
tive overall slew rate from 200V /J1 s to 130V / J1 s 
(typically). However, the full power bandwidth 
with a FET input' is more than adequate for all low 
to mid level video applications. 

INPUT 

v+ 

* R1 * R2 
15K 15K 

v-

* Approximate Values 

Figure 5- FET Input Circuit 

OUTPUT 

Some video applications may require output currents 
which exceed the maximum capabilities of the 
HA·5190/5195 devices. I n these cases, the 
HA-5190/5195 op amps can be teamed with high 
performance current boosters such as, for example, 
the HA·5033. A typical cascaded op amp/booster 
circuit is illustrated in Figure 6. Since the current 
booster, a unity gain device, has a typical slew rate 
and bandwidth (Slew Rate = 1300V/ J1s FPBW = 
65MHz) far grater than that of the op amp, the 
overall frequency performance of the composite 
amplifier is essentially that of the op amp alone. 

To compensate for manufacturing tolerances and 
ensure optimum performance, the fixed component 
values used in specific designs should be finalized 
empirically, using active devices from several pro­
duction runs. 

IN 00<P-----1 
>-~-o()OUT 

10-57 

son 

-v 

lkn 5kn 

ART NO.APP526 

Figure &-Boosting Output Current 

PROTOTVPING TIPS 

In accordance with standard engineering practic.e, 
new circuit designs should be breadboarded to verify 
overall operation. Afterwards, a number of pre­
production prototypes identical to the planned pro­
duction design should be assembled and tested using 
active devices from several production runs. These 
prototype tests permit optimization of component 
values and determination of circuit sensitivities to 
layout and component positioning. Preliminary 
environmental tests, if required, also may be made 
using the prototypes. 

If IC sockets are used, Teflon types are preferred 
to minimize distributed capacitances. For the same 
reason, feedback components should be mounted 
between Teflon insulated standoffs located as close 
as practicable to the device pins or socket terminals. 
For maximum stability, film type resistors are rec­
ommended for the feedback networks. 



Signal carrying leads should be kept short and direct, 
of course, to minimize both lead inductances and 
distributed capacitances. The devices should be 
mounted through a ground plane. If this is ;m­
practicable, single point grounding should be used 
to avoid ground loops. 

Typical Applications 

The test circuit given in Figure 1 may be used as a 
general purpose video amplifier, although minor 
changes in component values may be needed to 
optimize operation for specific requirements. Ad­
ditional practical circuits are illustrated in Figures 
7 and 8. 

RF AGe AMPLIFIER 

Designed and checked as a buffer for the head pre­
amp of a studio video tape recorder, the circuit 
shown in Figure 7 functions as a wide band adjust­
able AGC ampl ifier. With an effective bandwidth 
of approximately 10 MHz, it is capable of handling 
R F input signal frequencies from 3.2 to 10MHz at 
levels ranging from 40mV up to 3V p-p. 

AGC action is achieved by using opto coupler/isolator 
OCI as part of the gain control feedback loop. In 
operation, the positive peaks of the amplified output 
signal drive the OCI LED into a conducting state. 
Since the resistance of the OCI photosensitive 
element is inversely proportional to light intensity, 
the higher the signal level, the lower the feedback 
resistance to the op amp inverting input and hence 
the greater the negative feedback, thereby lowering 
stage gain. Any changes in gain occur smoothly 
because the inherent memory characteristic of the 
photoresistor acts to integrate the peak signal inputs. 
In practice, the stage gain is adjusted automatically 
to a point where the output signal positive peaks 
are approximately one diode drop above ground. 

GAIN SET control R5 applies a fixed dc bias to the 
op amp non-inverting input, thus establishing the 
steady-state zero input signal current through the 
OCI LED and determining the signal level at which 
AGC action begins. In experimental tests under 
large signal conditions (i.e., EIN = 3V p-p), a GAIN 
SET value of -0.26V provided unity gain, while a 
value of -1.55V yielded on AV of 2.7 ,with a flat 
response to 5.0MHz at both levels. Under small 
signal conditions (i.e., EIN = 40mV), gains from 8 
to 50 could be achieved as the GAIN SET value 
was adjusted from 0.65V to -80mV. At AV = 8, 
the frequency response was flat to 5MHz, while at 
AV = 80, the response was limited to that of the 
HA-5190/5195. 

The effective AGC range depends on a number of 
factors, including individual device characteristics, 
the nature of the RF drive signal, the initial setting 
for R5, et al. Theoretically,. however, the AGC 
range can be as high as 4000: 1 for a perfect op amp, 
for the OCI photoresistor can vary in value from 
1 Megohm with the LED dark to 250n with the 
LED full on. 

OC1 

R4 -= 
10Kf! DC1 - CLAIREX elM 6000 

+12V 
R5 
1Kf!>Or--....J 

-12V 

R6 
10Kf! 

v-p-p 

VIDEO 
INPUT 

-12V 

R1 
7Sf! 

r--
I 
I 
I 
I R8 
I 
I 
I 

- -, 
I 
I 

I _ I 

I GAIN I 1..--- __ .... 

GAIN SET 

Figure 7-RF AGC Amplifier 

R6 
5,6Kn 

R7 
10Kn 

OC1-CLAIREX elM 8500/2 
CT, C2 - TANTALUM TYPES 

R4 

7sn 

+12V 

VIDEO 
OUTPUT 

r 
Q1 

2N3904 

Figure 8- DC Gain Controlled Video Amplifier (Analog Multiplier) 
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DC GAIN CONTROLLED VIDEO AMPLIFIER 

Suitable for use in virtually any application requiring 
a variable gain wide band or video amplifier, the 
circuit illustrated in Figure 8 employs a cascaded 
op amp integrator and transistor buffer (01) to drive 
the amplifier gain control element. Except for a 
simple modification, the HA-5190/5195 stage is 
connected as a conventional non-inverting opera­
tional amplifier, and includes input and output 
impedance matching resistors R 1 and R4, respec­
tively, series stabilization resistor R2, and power sup­
ply bypass capacitors Cl and C2. The circuit differs 
from standard designs in that the gain control net­
work includes a photoresistor, part of OCI. 



Referring to the schematic diagram, opto coupler/ 
isolator OCI contains two matched photoresistors, 
both activated by a common LED. The effective 
resistances offered by these devices is inversely pro­
portional to the light emitted by the LED. The 
greater the current through the LED, then, the more 
intense its light emission, and the lower the effective 
values of the photoresistors. One photoresistor is 
part (with R3) of the HA-5190/5195 gain network, 
while the other forms a voltage-divider with R6 
to control the bias applied to the integrator non­
inverting terminal. 

In operation, the dc voltage supplied by GAIN 
control R8 is applied to the integrator inverting 
input terminal through input resistor R7. Depending 
on the relative magnitude of the control voltage, 
the integrator output will either charge or discharge 
C3. This change in output, amplified by Ql, con­
trols the current supplied to the OCI LED through 
series limiting resistor R5. This action continues 
until the voltage applied to the integrator non­
inverting input by the R6-photoresistor voltage 
divider matches the control voltage applied by 
R8 to the inverting input. At the same time, of 
course, the ratio of the R3-photoresistor gain network 
is changing, adjusting the op amp stage gain. As 
the control (R8) voltage is readjusted, the OCI 
photo-resistances track these changes, automatically 
readjusting the op amp gain in accordances with the 
new control voltage setting. 

In experimental tests with typical devices, the amp­
lifier gain could be varied from 12dB to 2dB as the dc 
control voltage was changed from 5.0 to 10.5Volts. 
Typical plots of stage gain (AV) versus control 
voltage (V) are shown in Figure 9. 

Since all temperature sensitive components are inside 
the integrator feedback loop, the circuit is quite stable 
with respect to changes in the ambient temperature. 

12 

10 

!1l 8 
z· 
;; 
" 5 6 
u 
0: 
U 

o 

I"-
"'-

'" '\. 

5 

'1+.12) 
, 

fiN = 200 mV 
FREO = DC to 5MHz 
PULSE @50% DUTY CYCLE 

!~ 
"-~f=II.24K 

"-
~ Rf=5.6K '" '\. " 

~ "" '\. ~ 

10 11 12 
GAIN ADJUST VOLTS 

Figure 9 - Plot Of AGC Circuit Gain Versus Control Voltage 
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ANALOG SWITCH APPLICATIONS IN AID 
DATA CONVERSION SYSTEMS 

By Richard Whitehead 

Introduction 

A choice of three approaches is available when im­
plementing a data conversion system: 1). "build­
from-scratch", 2) buy sub-systems and configure 
a system, or 3) purchase a pre-engineered system 
which meets the requirements. Also, as a matter 
of economics, the users of sensor-based data acquisi­
tion systems make it common practice to ensure 
a maximum number of elements are shared in the 
system. An invaluable tool used in this process is 
the analog switch or multiplexer. The purpose of 
this article is to focus attention on those parts of the 
system which require analog switches and to empha­
size the importance of relative operating parameters. 

Basic System Configurations 

AID data conversion systems can be categorized into 
two general groups: 1) low level signal conversion 
(analog signals below 1 volt) and 2) high level signal 
conversion (analog signals above 1 volt). Within 
these categories, four basic data conversion Configur­
ations are illustrated to point out the advantages 
of using analog switches. 

Conditioning the analog signals prior to multiplexing 
(Figure 1A) is the most popular system arrangement 
and is both efficient and capable of high perfor­
mance This configuration, which shares the level 
signals. Figure 1 B represents a more austere approach 
resultins in lower cost and decreased performance. 
This type is useful in less demanding applications 
such as processing high level signals. To process 
multichannel, single event information such as 
wind tunnel or seismographic measurements the 
arrangement shown in Figure 1C is most likely to 
be used. This configuration represents a more ex­
pensive, less efficient approach due to the decreased 
number of shared elements. Figure 1 D shows the 
elimination of the analog multiplexer and sample 
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and hold circuits. By moving the multiplexing task 
to the digital domain, slower and lower cost AID 
converters can be used. 

Types Of Ana/og Switches 

The most commonly used types of analog switches 
found in today's data conversion systems are: reed 
relay. JFET, and CMOS. Reed relays offer low 
ON and high OFF resistance and are capable of 
handling very high voltages, but have slow speeds. 
JFET switches have lower OFF leakage current and 
are capable of very high speeds. CMOS switches, 
which are the most popular and widely used in mul­
tiplexer applications, have low OFF ieakage currents, 
good speed, and stable ON resistance under varying 
input signal conditions. 

Selecting The Proper CMOS 
Ana/og Switch 

The data conversion system error budget should be 
used to narrow the field of CMOS analog switches 
suitable for the application. Primarily, the speed of 
the switch must be consistent with the systems's 
sample rate requirements without introducing un­
acceptable transfer error. Significant dynamic 
errors inherent to CMOS analog switches are OFF 
channel leakage current and a settling time value 
dictated by the device's ON resistance and its in­
herent capacitance. Figure 2 shows the equivalent 
of a CMOS analog switch giving all of the inherent 
and distributed properties which may become the 
source of unwanted system errors. 

Other system restrictions may further narrow the 
field of candidates suitable to performing the switch­
ing task. These restrictions could include, low power 
budget, hostile environment, cost, alternate sourc­
ing, and package density. It's possible that all of 



these restrictions could occur, and this situation 
mat influence the user to seek a compromise solu­
tion to his problem. 

Fortunately, CMOS analog switches consume very 
little power and only the most demanding power 
budget would feel the strain of their power require­
ments. If the poerating environment of the device 
includes high voltage spikes, excessive noise pickup, 
andlor power supply interruptions, the selection 
should be narrowed to the internally protected 
analog multiplexers such as the HARRIS HI-50BAI 
507A or the HI-54B/547. These multiplexers come 
with guaranteed overvoltage specifications wh ich 
engance the reliability of the data conversion system. 
They also insure output signal integrity while an 
overvoltage condition occurs on an unselected 
channel. It should also be ensured that the CMOS 
analog switch selected does not exhibit any inherent 
latch-up tendencies. The Harris dielectrically isolated 
CMOS analog switches offer latch free operation. 

To some users the proper CMOS analog switch 
selection may become complicated leading to possible 
alternate solutions. An example of such a situation 
could be in high speed data conversion system where 
the settling time constraint placed on the multiplexer 
results in an unacceptable time penalty (Figure 3A). 
Figure 3B shows an alternate and practical solution 
to this problem. The two tiered multiplexing scheme 
may reduce the errors caused by leakage currents 
and settling time by an order of magnitude. Another 
practical solution would be to select an analog signal 
processor such as the HAR R IS HY -9590/9591 
shown in Figures 4A and 4B. These devices facilitate 
user application and reduce engineering time thereby 
reducing overall cost. 

Other Uses For CMOS 
Analog Switches 

Attention has been focused on the selection of CMOS 
analog multiplexers used to increase efficiency of 
data conversion systems through shared elements. 
But the versatile CMOS switch is not limited to only 
that function. Obviously they can be used in sample 
and hold circuits, with important parameters being 
switching speed, OFF leakage current, and charge 
transfer. Analog switches such as the HARRIS 
H 1-200/201 and H 1-300 series may be used in sample 
and hold circuits and also in auto-zeroing circuits 
for integrating type data converters (Figure 5). 

Figure B shows the CMOS analog switch used to 
program the gain of an instrumentation amplifier. 
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Highlights 

In AID data conversion systems analog switches 
are mainly used as multi-channel multiplexers 
to increase system efficiency through shared 
elements. 

CMOS analog switches are the most widely used 
in data conversion systems. 

When selecting the proper CMOS analog switch, 
look for low OFF leakage current, good settling 
time, latch free operation, and stable ON re­
sistance under varying analog signal input condi­
tions. 

If the environment is hostile, select from the inter­
nally protected CMOS analog multiplexers. 

Where an alternate solution is required, attempt 
to ensure your solution is the most practical 
with respect to your error budget. 

References: 

Garrett, Patrick H. Analog Systems for Micro­
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Figure 2 - Equivalent CMOS ANALOG SWITCH 
DC Offset Error = RDS x ID 
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HI-516/51S 

MULTIPLE 
ANALOG 

INPUTS 
MUL TlPlEXER 

DIGITAL ---t-~ 
ADDRESS ----t-+_~ 

MUL TtPLE 
ANALOG 

INPUTS 
MUL TlPLEXER 

HI-516/518 

OUT 

EN 

OUT 

ANALOG 
OUTPUT 

Figure 3A - Cascaded Multiplexers: Output Leakage 
Currents and Output Capacitance Increase Errors 

HI-516/51S HI-300 

MUL TtPLE 
ANALOG MUL TtPLEXER 

INPUTS 
ANALOG 
OUT 

MSB 

DIGITAL \ 
ADDRESS 

EN 

HI-516/51S 

MULTIPLE 
ANALOG MUL TtPLEXER 

INPUTS 

Figure 38 - Cascaded Multiplexers Two - Tiered 
Method: Errors Reduced Through Shared Switch 



CHAN 1 

CHAN MUX 
SELECT EN OUT 

Figure 48 - Programmable DAQ Front-End (Single - Ended) 

CHAN OUT 
SELECT EN A 

Figure 4A - Programmable DAQ Front-End (Differential) 

TfH 

TfH 
OUT 

10-63 

Figure 5. This autozero integrating converter uses six analog 
switches - S 1 through S6. Zero correction occurs when 
S3. S4 and S6 are "on". Integration occurs with S1 closed. 
I ntegrate-reference takes place when S2 or S5 is u on". 
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FOR YOUR INFORMATION 

No. 532 Harris Analog 
COMMON QUESTIONS CONCERNING 

CMOS ANALOG SWITCHES 
By Carl Wolfe 

Introduction 

The following information is a direct result of a 
significant amount of time spent in response to 
questions from users of HARRIS analog switches. 
Among the variety of questions are a few which 
seem to be asked more frequently than others. 
Over the next few pages, these questions are dis­
cussed with the hope that the answers will be help­
ful to the users and potential users of HAR R IS 
analog switches. Some questions are technical in 
nature while others are simply questions on inter­
pretation of the HAR R IS Analog Data Book. 

Power Supply Considerations 

The first two questions are similar questions and the 
explanation will apply to both: 

QUESTION#1: If the power supplies are off, 
will the switch be open? (Present 
a high impedance to the input 
signal) 

QUESTION #2: If the power supplies are off, can 
an input signal be applied? 

Both of these questions refer to an overvoltage con­
dition when the supplies are off and an input signal 
is applied. A common misunderstanding is that 
the switch will be open and block the signal when 
actually the opposite occurs. 

What is meant by the power supplies being off? Does 
it refer to the suppl ies being shorted to ground or 
does it imply they are open circuited? 

If the power supplies go to ground, the input signal 
will pass through the switch and appear at the output. 
The explanation for this can be seen in Figure 1, 
which is a simplified CMOS switch cell. This switch 
cell consists of two enhancement type field effect 
transistors, one N-channel and one P-channel. 
An enhancement type of device is a FET which is 
normally off without some potential (gate voltage) 

to turn it on. A P-channel FET requires a negative 
potential (gate to source voltage) to turn it on and 
an N-channel FET requires a positive potential (gate 
to source). Contained in the physical structure of 
the FETS are parasitic transitors which are shown in 
Figure 1 as diodes from the source and drain to the 
body potentials of the devices. These diodes or 
parasitic junctions are normally reversed biased. 
If those junctions are forward biased, a fault con­
dition exists where the signal is passed through the 
parasitic transitor. This is what occurs if the power 
supplies go to ground. Depending on the polarity 
of the input signal, either the N or P channel F ET 
parasitics will be forward biased and the signal 
passed through the switch. 

o 
IN OUT 
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Figure 1. Basic CMOS Transmission Gate 

Having the signal pass through the switch may be ac­
ceptable in some applications, but most likely it is 
not. An example would be user who was switching 
various voltages (transducers) as shown in Figure 2. 
If the supplies go to ground and these signals pass 
through the switch, the input voltage sources could 
easily be shorted. 



+V 

VOUT 

-v 
Figure 2. Switching Multiple Inputs 

Another situation occurs if the power supplies are 
open circuited where the most positive and negative 
input signals will provide power to the switch. In 
this case, the signals being used for power will be 
passed to the output, but the remaining switches 
with inputs less than those used for supply will 
operate properly. 

Input Overvoltage Protection 

There is a possibilty the switch will be damaged if 
exposed to excessive current levels during an over­
voltage condition. A second overvoltage condition 
is the case where the input signals exceed the existing 
power supply levels. Neither of these situations 
are recommended and the following questions are 
similar to those frequently asked. 

QUESTION #3: Can an input greater than the 
supplies be applied? 

QUESTION #:4: In my application, there is a pos­
sibility that the switch will lose 
power and the input signal will 
still be applied. Is there a way 
to protect the switch if this 
situation occurs? 

Referring to Figure 1 once again, if the input signal 
exceeds the supply by an amount greater than the 
breakdown voltage of the parasitic junction, the 
normally reversed biased junction will come forward 
biased. These forward biased junctions will pass 
the input signals to the output and possibly short 
out the input voltage sources. 

The most common form of protection circuit for 
these. types of overvoltage conditions is the resistor­
diode network at the input of the switch as shown in 
Figure 3. 

This circuit protects the device if the supplies go to 
ground or if the input exceeds the ·supply. If either 
of these situations occur the diodes will be forward 
biased and current path to ground will exist. This 
will protect the switch from excessive current levels. 
The primary purpose of the resistor is to lim it the 
current through the diode. 
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Figure 3. Protection for Each Analog Input 

Another advantage of using diode protection is that 
it prevents the input signal from passing to the 
output. This is a result of the input being clamped 
to the breakdown voltage of the protection diodes. 
If this breakdown voltage is less than the threshold 
voltage (turn on voltage) of the parasitic diodes, 
the parasitic transistor will remain reverse biased and 
the signal will not pass through the switch. 

There are some disadvantages to the user with this 
type of protection. One would be the economics 
involved with using external protection for each 
analog input. This could present a cost problem 
if a large number of channels were involved. An­
other concern would be the current limiting resistors 
which adds to the on resistance of the switch con­
tributing to the overall system error. A further 
possible source of error is current leakage in the 
diodes. It is recommended that low leakage diodes, 
such as schottkey diodes be used. 

The protection circuit just discussed is not used to 
protect the switch from latch up. The HAR R IS 
switches are constructed using the dielectric isolation 
process and the four layer SCR found in JI tech­
nology does not exist. This circuit is intended to 
protect the device from high current levels which 
result from the forward biasing of the parasitic tran­
sistors which are inherent in all FET structures. 

If for some reason the resistor-diode protection 
circuit cannot be used there are other possibilities. 
The following method may help to avoid the extra 
cost of protecting each input. In this method, 
since the supplies are open circuited, the most pos­
itive and most negative signal will power-up the chip 
and any input with signals less than those being 
used for power will operate properly. However, 
this method can only be used if the outputs are 
not common and a user can afford to have at least 
two signals pass to the output. 
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Figure 4. Powering the Switch With the Input Signals 

Another alternative does not involve protection cir­
cuitry, but instead takes advantage of CMOS technol­
ogy. An example would be a user who has ±15V 
supplies and needs to switch a +18V signal as shown 
in Figure 5. This appears to' be an Qvervoltage con­
dition since the input exceeds the supply. But rather 
than protect the device, the user can shift the supplies 
to +20V, -10V. Now the input signal is within the 
supply level and the switch should work properly. 
In certain applications the supply voltages can be ad­
justed in order to pass a larger range of input signals. 

+18V 

+15V +20V 

c::) +18V'o--\--<o 

-15V -lOV 

Figure 5. Varying the Supplies to Meet the VIN < 
V Supply Requirements 

Single Supply Operation 

Single supply operation is a topic which is discussed 
frequently and the following are examples of typical 
questions. 

QUESTION #5: Can the switch be operated at a 
single power supply? 

QUESTION #6: What is the minimum power 
supply possible? 

Usually engineers with critical power requirements 
request single supply operation. An example would 
be battery operated applications such as portable 
equipment. In these cases the designer is limited 
to single supply, low supply or both. 
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Trade-offs exist with single supply operation that 
should be pointed out to the user. An example is 
the H 1-300 series of switches which has the capabil­
ity of operating with a single +5 volt supply. The 
performance of the switch will vary, however, as 
the supply voltage varies. So, for the H 1-300 series, 
as supply voltage decreases, the on resistance and the 
switching times increase. A 300 series switch with 
a single +5 volt supply will have higher on resistllnce 
and slower switclling speeds than the same device 
at ±15 volts or even a single +15 volt supply. This 
represents a change in both DC and AC performance. 
Even though the switch may now meet the users 
power requirements at single supply, the question is 
whether it will still meet the performance require­
ments. 

The explanation for these variations can be found in 
the FET devices composing the switch cell itself. 
The variation in on resistance is due to the fact that 
the channel impedance of FET is dependent on the 
gate - source bias. Since the gate voltage is deter­
mined by the supply voltage, it can be concluded 
that the on resistance is a function of the supply 
voltage. 

The fact that the on resistance varies with supply 
voltage directly relates to the slower switching times, 
since the higher on resistance will reduce the available 
.current needed to charge the internal capacitance of 
the switch. Lower changing current relates directly 
to slower switching times. 

Questions About Harris Switches 

Many of the questions asked about switches could 
apply to any CMOS switch manufacturer's products. 
But some questions are unique to both the Harris 
product line and data catalog. The following are 
examples of some of the more common questions 
concerning the Harris Analog Data Catalog. 

QUESTION #7: What is the difference between 
the VL and VR pins on the 

HI-5043 and VREF pins on theHI-201? 

The device pins mentioned above have their own 
individual functions even though they are all associ­
ated wth the logic reference circuits of their respec­
tive designs. For the H 1-201, the VREF pin is 
the terminal which establishes the logic threshold 
levels for which the switch will change state. Al­
though it is normally left open when driving from 
+5V logic (DTL or TTL), it can be connected to a 
higher supply in order to raise the switching threshold 
levels when driving from CMOS Logic greater 
than 5 volts. The VREF pin enables the user to 
change from TTL to CMOS Logic. 

The reference circuit of the H 1-50XX series 
of switches is different from the H 1-201, which 
accounts for the VR and VL pins. Even though the 
VR terminal is brought o!Jt on the package, it is 
recommended that this pin be grounded. This 
terminal establishes the ground for the internal ref-



erence circuit. The VL pin performs a similar func­
tion to the VREF pin on the HI-201. It is normally 
connected to 5 volts for TTL logic but can be tied to 
a higher supply for CMOS levels. This effectivelY 
raises the switching thresholds to accomodate the 
higher CMOS level. 

The next question is easily the most frequently asked 
question about HAR RIS H 1-50XX series of switches. 

QUESTION #8: Are the switch functions shown 
on the data sheet a result of the 

logic address being HIGH or LOW? 

Actually, the answer to the question is printed at the 
top of the data sheet page,depicting switch functions 
"switch states are for a logic 1 input". Therefore, 
the address is in the HIGH state for the switch 
functions shown on that page. 

Some other areas which are often questioned on the 
data sheets are the maximum ratings and performance 
between channels of the switches. The following 
questions are typical: 

QUESTION #9: Will the switch operate at the 
absolute maximum ratings? 

The topic of absolute maximum ratings does 
create some confusion. Basically, the contents 
of the Electrical characteristic table are the guaran­
teed parameters. The switch may operate with con­
ditions other than those recommended, but are not 
guaranteed parameters. Anything above absolute 
maximum ratings may permanently damage the 
device. 

Problems sometime arise when a customer tests 
some parts at conditions other than those which 
are guaranteed. If the parts work, the user may 
go ahead and design around these conditions. But 
there is a good possibility the next batch of switches 
may not perform in the same manner. The user must 
be aware that anything outside the guaranteed 
limits is a user's risk and susceptable to variations 
in manufacturing. 

QUESTION #-10: What is the variation in "on" re­
sistance between channels on the 
switch? 

There are two causes for these variation. One cause 
is process variation which is due to variables in manu­
facturing. This can create variation between chan­
nels on the same unit. The second reason is lot 
variation wh ich can cause differences in performance 
from unit to unit. After all variations are taken 
into account, a good "rule of thumb" is ±10% toler­
ance on typical parameter values. So if a device has 
a typical on resistance of 50n , a user could expect 
a ±5nvariatiqn. 
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FOR YOUR INFORMATION 

No. 534 Harris Analog 
ADDITIONAL INFORMATION ON 

THE HI-300 SERIES SWITCH 
By Carl Wolfe 

Introduction 

The introduction of the H 1-300 series of CMOS 
analog switches is the latest addition to the HAR R IS 
switch family and gives the designer a viable second 
source to the Siliconix OG 300 series analog switch. 

This family of monolithic, dielectrically isolated, 
CMOS analog switches consists of twelve products, 
the H 1-300 thru H 1-307 and the H 1-381 thru H 1-390 
are designed for TTL level compatibility (logic 
"0" = .8V, logic "1" = 4.0V). The HI-304 thru 
HI-307 are CMOS compatible (logic "0;' = 3.5V, 
logic "1" =11V). 

The H 1-::300 series features low and nearly constant 
on resistance over analog signal range, low leakage 
and minimal power dissipation. 

Improved Performance 

An understanding of what a designer would consider 
important in an analog switch is useful in order 
to illustrate the advantage of the H 1-300 series. 
Although any parameter could be considered impor­
tant for a particular application, there are certain 
parameters considered to be most critical for the 
majority of applications. Th"ese parameters are: 

"on" Resistance (Ron) 
leakage current (iSOFF, IDOFF, lOON) 
switching speed (ton, toff) 
power supply current (1+, I-) 

These parameters are important because the majority 
of designs require either high accuracy, speed, or low 
power dissipation. 

ON RESISTANCE 

In high accuracy systems, such as data acquisition 
systems, the designer would be concerned with mini­
mizing errors caused by "on" resistance and leakage 
currents. An inverting programmable gain.amplifier 

shown in Figure 1 will help illustrate the need for 
low on resistance and leakage current in high ac­
Curacy systems. 

+15V 

14 

HI-301 

4 S1 D12 RF1=1K X1 

X10 

RI = 1K 

VIN 
VOUT 

Figure 1 - Inverting Programmable Gain Amplifier 

Ideally, the voltage gain of this inverting amplifier 
would be, AV= -(RFfRI). But when using a switch 
to program the gain, its characteristics must be taken 
into account and the amplifier gain equation must 
be modified to AV= - (RF +RONfRIl. The higher 
the on resistance of the switch, the greater the gain 
error. Variations in the on resistance of the switch 
will also effect the gain error. 

LEAKAGE CURRENT 

Another source of error occurs in the switch "off" 
state, where leakage current causes offset voltage 
errors. In Figure 1 , leakage current flowing through 
the feedback resistor creates an output voltage 
error equivalent to the expression, Vo = RF X IDOF-F. 

SWITCHING SPEED 

A designer concerned with switching times would 
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obviously be sensitive to the ton and toff specifica­
tions. A low value of "on" resistance is also im­
portant, since this resistance increases the RC time 
constants and can slow the circuits overall perfor­
mance. 

POWER SUPPLY REQUIREMENTS 

The last critical parameter would be power consump­
tion. There are certain applications where power 
supply currents are the primary concern of the 
designer. Examples would be portable or battery 
operated equipment. 

The majority of switch applications require critical 
performance in one or more of the areas just dis­
cussed. The H 1-300 series offers improved perfor­
mance in each of these areas. The following tables 
compare the H 1-300 series with existing HAR R IS 
switches. Table 1 contains maximum specifica­
tions for T ; l250C and Table 2 consists of typical 
values at T ; 250C. 

+1250C Maximum Specifications 

SWITCH I I I 
TYPE RON I LEAKAGE I SUPPLY tON tOFF 

H 1-200j 125~: I 500nA 

I 
2mA 500n, 500n, 

HI-5040 75rl 500nA .3mA 1000n, 500n, 
HI-300 75rl 10UnA .1mA 300ns 250n, 

Table 1 - Switch Comparisons at T;1250C 

+250C Typical Specifications 

SWITCH I I 
TYPE RON I LEAKAGE II SUPPLY tON tOFF 

HI-200 1 55rl 1 
lnA 

1 

.5mA 240ns 330ns 
HI-5040 25rl .8nA .3mA 370n, 280ns 
HI-300 30rl .1nA . 23J.1A 210ns 160n, 

Table 2 - Switch Comparisons at T;250C_ 

From these tables it should be clear that the H 1-300 
series offers improved performance to the designer. 

Inside The HI-300 

Figure 2 shows the schematic of the digital input and 
driver stages of the H 1-300. The purpose of this 
stage is to take the logic level signals and condition 
them to drive the gates of the FET switch cells. 

The H 1-300 series has a digital input protection cir­
cuit consisting of a 200n series resistor and clamping 
diodes, D 1 and D2, to the supplies. 

These diodes will quickly discharge any static charge 
which might appear at the digital inputs. 

The F. E. T. Devices Nl thru N5 and Pl thru P5 form 
the input buffer and level shifter which establishes 
the proper voltages to drive the switch cell. N6, N7, 
P6, and P7 form the output buffers which isolate 
the level shifter from the capacitive load of the switch 
cell. 

+VO---~--~~~-4~~----~--~--~----, 

IN 

Figure 2 - Partial Schematic 

v+ 

o 

SWITCH CELL 

-v 

Figure 3 - Schematic 

The switch cell shown in Figure 3 is based on the 
FET devices Nl and Pl. The remaining devices, N2 
thru P5 serve various functions, such as reducing 
leakage current, minimizing on resistance variations 
and minimizing charge injection. 

Additional Performance 
Characteristics 

(AI SINGLE SUPPLY OPERATION 

The H 1-300 series has the capability of single supply 
operation. These switches can operate to a minimum 
supply of +5 volts, although designers must be aware 
of the trade off which exists at these levels. The 
trade off is the performance of the switch will vary 
as the supply level varies. Examples of these per­
formance variations are increased on resistance and 
slower switching times. So, a H 1-300 series switch 
with a single five volt supply will have higher on 
resistance and slower switching speeds then the same 
device at ±15 volts or even a single +15 volt supply. 

The explanation for these variations can be found in 
the F.E.T. devices composing the switch cell itself. 
The variation in on resistance is due to the fact that 
the channel impedance of the FET is dependent on 
the gate-source bias. Since the gate voltage is deter­
mined by the supply voltage, it can be concluded that 
the on resistance is a function of the supply voltage. 

The fact that the on resistance varies with supply 
voltage directly relates to the slower switching times. 
The higher resistance reduces the available current 
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needed to charge the internal capacitances of the 
switch. Lower charging current directly relates 
to the slower switching times. 

The explanations, just given, along with the following 
typical curves of the H 1-300 single supply operation, 
should aid the designer in applying the H 1-300 
series in single supply applications. 

2 

, 
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VS. POSITIVE SUPPLY VOLTAGE 
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B) CHARGE INJECTION 

The charge injection of a switch is a critical parameter 
for certain applications, such as small signal switching 
or sample and hold circuits. 

For the case of small signal switching, unwanted 
switching spikes result from this transferred charge 
causing system errors. These spikes are created 
when the transitions of the gate voltage are ca­
pacitively coupled to the output through the gate to 
source and gate to drain capacitances, as shown in 
Figure 4. The magnitude of these switching spikes 
will depend on the values of the load and source 
impedances, the value of the gate voltage and the 
size of the internal capacitances of the switch. 

For the sample and hold circuit, shown in Figure 5, 
a common problem is sample to hold offset error. 
It is caused by the same mechanisms discussed 
for the small signal application, but in this case the 
charge is transferred to the hold capacitor and an 
offset voltage is created. The voltage is determined 
by the following relationship. V = Q/CH. 

Figure 4 - Charge Transfer 



oOUT 

Figure 5 - Sample and Hold 

Charge injection can create problems in the type of 
applications just described. A typical curve of the 
H 1-300 series charge injection performance is shown 
in Figure 6 as an aid to designing in these type of 
circuits. 

0 

0 

0 """ ....... ~ RIN =on 
CL= 10,OOOpf 

0 

+'5 -'0 -5 0 +5 +'0 +'5 
VS - ANALOG INPUT VOL TAGE - V 

Figure 6 - Charge Injection vs. Input Voltage 

Application Hints 

A. POWER SUPPLY CONSIDERATIONS 

The H 1-300 series analog inputs do not feature over­
voltage protection. External protection circuitry 
would be necessary if the switches were subjected 
to possibly destructive situations. 

An example could be an overvoltage condition where 
the power supplies to the switch go down while an 
analog input signal is still present. A common 
misunderstanding is that the switch will be open 
and block the input signal, when actually the op­
posite occurs. 

If the power supplies go to ground, the input signal 
will pass through the switch and appear at the ou!fjut. 
The explanation for this can be seen in Figure 7, 
which is a simplified CMOS switch cell. This switch 
cell consists of two enhancement type field effect 
transistors, one N-channel and one P-channel. An 
enhancement type of device is a FET which is nor­
mally off without some potential (gate voltage) to 
turn it on. A P-channel F!:T requires a negative 
potential (gate to source voltage) to turn it on an 
N-channel FET requires a positive potential (gate to 
source). Contained in the physical structure of the 
FETS are parasitic transistors which are shown in 
Figure 7 as diodes from the source and drain to the 
body potentials of the devices. These diodes or 
parasitic junctions are normally reversed biased. If 

IN 
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those junctions are forward biased, a fault condition 
exists where the signal is passed through the parasitic 
transistor. This is what occurs if the power supplies 
go to ground. Depending on the polarity of the 
input signal, either the N or P channel F ET parasitics 
will be forward biased and the signal passed through 
the switch. 

s 

N 

p 
'------'----' 

J 
G2 

o 

Figure 7 - Basic CMOS Transmission Gate 

OUT 

Another situation occurs if the power supplies are 
open circuited, the most positive and negative input 
signals will provide power to the switch. In this 
case, the signals being used for power will be passed 
to the output, but the remaining switches with 
input signals less than those used for supply will 
operate properly. 

A second overvoltage condition is the case where 
the input signals exceed the existing power supply 
levels. Referring to Figure 7, if the input signal ex­
ceeds the supply by an amount greater than the 
breakdown voltage of the parasitic junction, the nor­
mally reversed biased junction will become forward 
biased. These forward biased junctions will pass the 
input signals to the output and possibly short out 
the input voltage sources. 

The most common form of protection circuit for 
these types of overvoltage conditions is the resistor­
diode network at the input of the switch as shown in 
Figure 8. This circuit protects the device if the sup­
plies go to ground or if the input exceeds the supply. 
If either of these situations occur, the diodes will 
be forward biased and a current path to ground will 
exist. This protects the switch from excessive 
current levels. The primary purpose of the resistor 
is to limit the current through the diodes. 



V+ 

~ ~D1 
VIN~ .. ~ Your -y 

D2,~ ~ 

Figure 8 - Protection for Each Analog Input 

Another advantage of using diode protection is that 
it prevents the signal from passing to the output. 
This is a result of the input being clamped to the 
breakdown voltage of the protection diodes. If 
this breakdown voltage is less than the threshold 
voltage (turn on voltage) of the parasitic diodes, 
the parasitic transistor will remain reversed biased 
and the signal will not pass through the switch. 

The protection network may introduce unwanted 
error into the circuit in the form of leakage current 
and increased on resistance. It is recommended that 
low leakage diodes be used, such as Schottkey diodes. 
If the switch is looking into a high impedance, such as 
the input operational amplifier, the error introduces 
by the increased on resistance will be negligible. 

The protection circuit just discussed is not used to 
prevent the switch from latch up. The H 1-300 series 
switch is constructed using the HAR R IS dielectric 
isolation process and the four layer SCR found in 
JI technology does not exist. This circuit is in­
tended to protect the device from high current levels 
which result from the forward biasing of the parasitic 
transistors which are inherent in all FETS. 

An alternative to protection circuits takes advantage 
of CMOS technology. Assume an overvoltage con­
dition exists where the input exceeds supply. Ra­
ther than use external components to protect the 
device, it may be possible to shift the supplies in 
order to accomodate the input signal. An example 
would be an application with 715 volt suppl ies, 
but attempting to switch a +18 volt input signal. 
A possible solution would be to shift the supplies 
to V+ : +20V and V- = -10V and now the input 
signal is within the existing supplies. In some appli­
cations the supply voltage can be adjusted in order 
to pass larger input signals. 
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DESIGN CONSIDERATIONS FOR 

A DATA ACQUISITION SYSTEM (DAS) 
By Tarlton Fleming 

Introduction 

This is a collection of guidelines for the design 
of a data acquisition system. Its purpose is to 
supplement the more methodical block-by-block 
discussions available in numerous other papers and 
application notes. Emphasis in this note is on the less 
easily quantifiable happenings "between the blocks", 
rather than a description of the block components 
and their error contributions. This latter information 
may be found in the Bibilography under "General". 

A data acquisition system is defined to include 
all the components needed to generate the electrical 
analogs of various physical variables, transmit these 
signals to a central location and digitize the infor­
mation for entry into a digital computer. Among 
these .components are transducers, amplifiers, filters, 
multiplexers, sample/holds and analog-to-digital 
converters. The system also includes all signal paths 
tying these functions together. 

Several system architectures will be considered, 
followed by a general discussion aimed at the designer 
who must choose hardware for a given application_ 
Topics include: 

• Data Acquisition System Architecture 
• Signal Conditioning 
• Transducers 
• Single-Ended vs. Differential Signal Paths 
• Low-Level Signals 
• Filters 
• Programmable Gain Amplifier 
• Sampling Rate 
• Computer Interface 

Data Acquisition System 
Architecture 

At present the most widely used DAS con-· 
figuration is that shown in Fig. 1. It handles a 
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moderate nU!T1ber of analog channels, feeding into a 
common multiplexer, programmable gain amplifier (if 
required), track/hold amplifier and A-D converter. 

A more specialized and expensive variation is to 
place a Track/Hold in each channel as shown in Fig_ 2. 
Switching all channels to HOLD simultaneously 
produces a "snapshot" view which preserves the 
phase relation of signals in all channels. This infor­
mation is important in seismic studies and vibration 
analyses. 

The DAS system of Fig. 3 offers many advan­
tages, but is not yet practical except for slowly 
changing channel data. Low frequency signals allow 
dedication of a slow but accurate integrating type A-D 
converter for each channel. The channel filters often 
included to reduce aliasing errors and noise are not 
necessary, since aliasing is not a problem with low 
bandwidth signals. The integrating converter sup­
presses wideband noise by averaging it about the in­
stantaneous signal level. Also, the converter's in­
tegration period may be chosen to provide almost 
complete rejection of a specific interference frequen­
cy such as 60 Hz. Digital outputs from the converters 
are then digitally multiplexed. 

The system shown in Fig. 3 has an inherent ad­
vantage over the other two systems, having 
eliminated both the track/hold and the analog 
multiplexer with their many error contributions. The 
disadvantage, of course, is cost. Fig. 3 would become 
the system of choice in many more applications, if a 
significant reduction should occur in the price of suc­
cessive - approximation A-D converters. 

A small RAM may be added at the converter's 
output in any of these systems, to buffer the com­
puter and offload its involvement with individual con­
versions. Timing and control may be arranged to scan 
all channels repeatedly, and continuously update a 
RAM location for each channel. The computer is then 
f~ee to look at a recent reading for any channel, at any 
time. 

Further discussion will center on Fig. 1, both in 
the single-ended version shown, and in the differen­
tial version. 
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FIGURE 1. Typical Data Acquisition System 
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FIGURE 2. DAS System For Simultaneous Sampling Of All Channels 
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FIGURE 3. High Accuracy, Multi·Converter DAS System 

Signal Conditioning 

Signal conditioning refers to all the operations 
performed on a transducer signal up to (and in­
cluding) digitization by the A-D converter. Standard 
among these operations are multiplexing, program­
mable gain, and Track/Hold. Others may be added as 
required: 

• Transducer excitation 
• Amplification 
• Filtering 
• Calibration 
• Linearization 
• Voltage to current conversion (4 to 20 mA; 

10 to 50 mA) 
• rms to dc conversion 
• Logarithmic signal compression 
• Common mode rejection 

For highest signal-to-noise ratio all signal con­
ditioning should be performed near the transducer, 
with the exception of common mode rejection and 
filtering. Filters should be located near the 
multiplexer input. Besides minimizing alias errors 
originating in the high end of the transducer's output 
spectrum, filters suppress wide band noise picked up 
on signal lines to the transducer. 

Transducers 

The first item in the signal path of a DAS is the 
transducer. This device usually transforms energy 
from one form to another, producing an electrical 
analog of the physical variables to be monitored or 
measured. Transducers are based on a variety of 
physical principles but most produce a voltage as 
output. Some yield an intermediate variable such as 

resistance or capacitance, which is transformed to 
voltage by an applied electrical excitation (carrier 
frequency, dc voltage, current source). 

Often, several types of transducers are available 
to sense a given quantity. When selecting a voltage 
output transducer, remember that a low source 
resistance is desirable, both to minimize noise and to 
reduce loading by the next "block" in the signal path. 
Provision on the transducer for a convenient method 
of signal calibration will be welcome, once a system 
is in operation. Also, a center tap on the transducer 
allows better interface to a balanced line if low level 
signals are to be transmitted. 

Several questions arise at this point: 
• Should the signal path be single-ended or 

differential? 
• Should the Signal be transmitted at low level 

(100 mY) or high level? 
• What type of conductor should be used for 

Signal transmission? 
Answers to these and other questions are 

covered in the following Sections. 

Signal-Ended VS. Differential 

Signal Paths 
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Consider the transducer output. A high level 
signal (100 mV to 10 V) is easier to handle than low 
level. Is a common mode signal present? If not, is it 
likely to be acquired as "pickup" during trans­
mission? This is likely if the cable is routed near 
fluorescent lights, motors or other electrical 
machinery. If common mode voltage is not expected, 
then an economical Single-ended connection is 
possible, with a single wire per channel and a com­
mon return. (see Fig. 4). High level signals, short 
distance and controlled conditions will ensure good 
performance with this arrangement. 
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FIGURE 4. Single-ended Data Paths 

Low level signals require special treatment. 
Whether high or low level, the presence of common 
mode voltage calls for a differential signal path. The 
most widely used solution is an unshielded, twisted 
pair of wires, good for 1000 feet or so with a band­
width of 100 KHz. As a minimum then, two wires per 
channel feed into a differential amplifier or 
multiplexer, buffered by a full or pseudo-differential 
amplifier to reject the unwanted common mode 
voltage (see Fig. 5). 

DIFF MUX 

TRANSDUCERS 

SIGNAL r-:­
GROUND 

FIGURE 5. Differential Data Paths 

For the case in which the transducer output is a 
low level voltage, the choice is whether to transmit it 
as is, or to boost the level by adding an amplifier. The 
amplifier will provide low source impedance as well 
as gain; two valuable forms of signal conditioning. 
However, providing power to a remote amplifier can 
be difficult. Even if a supply is available at the remote 
site, the voltage between two widely separated com­
mons presents a problem. If the sum of signal plus 
common mode voltage does not exceed the input 
range of either the multiplexer or buffer amplifier, Fig. 
5 can be used. 

A more expensive approach is required for 
.higher common mode voltages. One reliable 
technique is the "flying capacitor" multiplexer of Fig. 
6, using reed relay switches. This works well for ther­
mocouples bonded to machinery and riding on hun­
dreds of volts relative to DAS ground, but in some ap­
plications the reed relay's 1 ms response time can be 
a limitation. 

XDUCERS 

FIGURE 6_ "Flying Capacitor" multiplexer using reed relay 
switches for high CMV Signals. 
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Isolation amplifiers can handle higher voltages 
and higher bandwidths than the system of Fig. 6. For 
example, magnetically isolated amplifiers are rated at 
2KV and up with a small signal bandwidth of ap­
proximately 2 KHz. One of these per channel is ex­
pensive, but in addition to common mode rejection it 
can solve the problem of supplying power at the 
remote transducer. Isolation amplifier models are 
available which include ± 15V terminals, referenced 
to the floating front-end of the amplifier. This power 
can provide transducer excitation and supply an am­
plifier or other signal conditioning circuitry. 

For higher bandwidth dat!l., optically isolated 
isolation amplifiers are available with f.3dB = 15KHz 
and 2KV isolation. These amplifiers do not provide 
the external supply terminals to power transducer cir­
cuitry. 

Low Level Signals 

The main concern with signals below 100mV is 
that noise, offset voltage, and other aberrations can 
represent a large percentage error. A shielded, dif­
ferential signal path is essential for transmitting 
these signals, especially to maintain a noise level 
below 50f.l.V rms. 

Most transducer outputs are low level and low 
bandwidth as well. Since shielding precautions to be 
described are intended to produce an acceptable 
signal to noise ratiO, filters may not be necessary. 
Otherwise, active filters with their relatively large dc 
errors should not be used for low level signals. 
Passive filters on the other hand, are restricted to two 
or three poles as a practical limit, which in turn 
restricts the allowable signal bandwidth for a given 
accuracy (see the Section titled Filters). 

The transmission cable carrying the transducer 
signal is critical in a low level system. It should be as 
short as practical and rigidly supported. Signal con­
ductors should be tightly twisted for minimum en~ 
closed area, fo guard against pickup of elec­
tromagnetic interference, and the twisted pair should 
be shielded against capacitively coupled (elec­
trostatic) interference. A braided wire shield may be 
satisfactory, but a lapped foil shield is better since it 
allows only one tenth as much leakage capacitance 
to ground per foot. 

A key requirement for the transmission cable is 
that it present a balanced line to sources of noise in­
terference. This means an equal series impedance in 
each conductor plus an equally distributed imped­
ance from each conductor to ground. The result should 
be signals equal in magnitude but opposite in phase 
at any transverse plane. Noise will be coupled in­
phase to both conductors and rejected as common 
mode voltage. Again, any such noise will be directly 
proportional to the source impedance driving the 
line_ An isolation or instrumentation amplifier may be 
used to terminate the line, providing high input im­
pedance, common-mode rejection, conversion from a 
differential to single-ended signal path, and a buffer 
for the ON resistance of the following multiplexer. 

Coaxial cable is not suitable for low-level 
Signals because the two conductors (center and 
shield) are unbalanced. Also, ground loops are 
produced If the shield is grounded at both ends by 
standard BNC connectors. If coax must be used, carry 
the signal on the center conductors of two equal­
length cables whose shields are terminated only at 
the transducer end. As a general rule, terminate 
(ground) the shield at one end only, preferably at the 
end with greatest noise interference. This is usually 
the transducer end for both high and low level signals. 



Printed circuit traces and short lengths of wire 
can add substantial error to a signal even after it has 
traveled hundreds of feet and arrived on a circuit 
board. Here, the small voltage drops due to current 
flow through connections of a few milliohms must be 
considered, espeCially to meet an accuracy 
requirement of 12-bits or more. 

The table of Fig. 7 is a useful collection of data 
for calculating the effect of these short connections. 
(Proximity to a ground plane will lower the values for 
inductance.) 

EaUIVALENT 
WIDTH OF 

DC IMPEDANCE 
WIRE 

P.C. 
RESISTANCE INDUCTANCE PER FOOT CONDUCTOR 

GAGE (2 oz. Cu.! PER FOOT PER FOOT AT 60Hz AT 10KHz 

18 0.47" 0.0064.\1 O.36,..H O.OO64H Q,Q235!! 

2. 0.30" 0.0102$1 O.37,..H O.0102r.! 0.0254.\1 
22 0.19" a.01S1.\.! O.38,..H a,016m 0.0288.\1 
2. 0.12" O.0257f2 O.40jJH O.0257f2 O.0345f2 

26 0.075" 0.041.\1 OA2,..H O.041H O.O488~1 

2. 0.047" 0.066..12 O.45j.1H ODG6S! 0.0718n 
3. 0.029" a.105.\.! O.49/JH a,105H O.llon 
32 oms" a.l68n O.53,..H 0.16812 0.171.1"2 

FIGURE 7. Impedance of Electrical Connections, +20°C 

As an example, suppose the ADC in Fig. 1 has 
12-bit resolution, and the system accuracy is to be 
± Y2 LSB (± 1.2mV). The interface logic might draw 
100 mA from the + 5V supply. Flowing through six in­
ches of #24 wire, this current produces a drop of 
1.2BmV; more than the entire error budget. Obviously, 
this digital current must not be routed through any 
portion of the analog ground return network. 

Filters 

The presampling or anti-aliasing filters shown in 
Fig. 1 are normally required with high-level signals of 
significant bandwidth, especially il the signal is to be 
reconstructed by a digital-to-analog converter after 
processing. If low level signals require a passive filter, 
the differential configuration of Fig. B preserves some 
degree of impedance balance on the line. 

FIGURE 8. A Passive, Two Pole, Low Pass, 
Differential I nput Filter 

A low-pass Butterworth response is best for the 
channel bandlimiting filter in most data acquisition 
systems. The Butterworth filter output decreases 
monotonically with frequency, though this at­
tenuation is very slight within the passband. Other 
filter types produce ripple in the passband, whose 
amplitude degrades accuracy unless expensive, high 
tolerance components are used. 

Butterworth is not the most linear phase 
response, and If signal group delay is critical an ellip-
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tic (Bessel) filter should be chosen. Again, however, 
Butterworth fits most applications. A given number of 
poles may be had by cascading the two and three 
pole sections shown in Fig. 9. Either reference under 
"Filters" in the Bibliography gives a systematic 
procedure for calculating Rand C values in terms of a 
given cutoff frequency. See the Section on "Sampling 
Rate" for the poles vs. accuracy requirement. 

JN1 [>1 
.I 

•. TWO POLE SECTION 

I I 

b. THREE POLE SECTION 

FIGURE 9. Butterworth Low-Pass Filters 

Programmable Gain Amplifier 

(PGA) 

o 

Unless the ratio of highest to lowest signals an­
tiCipated on any channel is:s 2, some form of 
programmable gain amplification is desirable bet­
ween the multiplexer and A·D converter. Without this 
variable gain block, the MSB's are idled one after 
another as input level decre.ases. Although the 
resolution of an n-bit converter remains a constant 
FS/2n by definition, resolution referred to the input 
level is decreasing (FS = Full Scale). 

Considering resolution as referred to the input 
level, a 12-bit converter digitizes an input of .06FS to 
only 8 bits. The full 12-bit resolution applies only for 
VIN"" FS/2. Therefore to fully utilize the converter, gain 
should be added as necessary before each conver­
sion, to meet the condition FS/2:s VIN:sFS. Then the 
amount of gain introduced by the PGA is noted by the 
computer to keep track of the actual input value. 

Three other services are performed by the PGA: 
1. Buffering: Prevents a loading effect due to the 

multiplexer's ON resistance. 
2. Differential to Single-Ended Conversion: 

Necessary.for the majority of Track (or Sample) IHolds 
and A-D converters. 

3. Common Mode Rejection (CMR). When con­
nected to the output of a differential multiplexer, the 
PGA's differential input rejects the common mode 
voltage accumulated by a signal transmission cable. 
Fig. 10 shows a subtractor or "pseudo-differential" 
PGA suitable for wide band signals with low common 
mode content. In this circuit, CMR is limited by 
precision of the "K" ratio and variations in the chan· 
nel source impedance. 
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• K VALUE MAY BE SWITCHED FOR 
PROGRAMMABLE GAIN. 

FIGURE 10. Subtractor or Pseud.o-Differential PGA 

Fig. 11 is the full differential PGA, necessary for 
low-level, high common mode signals. This version of­
fers the highest gain accuracy and for high gain, the 
bestCMR. 

DIFF MUX 

KOR 

.. VARY K TO CHANGE THE GAIN. 

FIGURE 11. Full Differential PGA 

The PGA normally precedes the Track/Hold, since 
the PGA would amplify any error introduced by that 
device. This order must be reversed to implement an 
auto-range capability, because the signal voltage 
.must be held at the PGA input for the duration of an 
auto-range subroutine by the computer. Such' an 
algorithm consists of: 

• Set PGA gain 
• Trigger a conversion 
• Note RESULT 
• Iterate until (FS/2 !OS RESULT.$ FS) 

Sampling Rate 

Throughput rate for a DAS may be defined as the 
maximum number of digital samples per second that 
it can produce without exceeding its specified limit 
for accuracy. The system may run at a lower speed to 
avoid generating redundant and useless data; but if a 
waveform of significant bandwidth is to be recon­
structed from the digital samples, then "the higher the 
better" is generally the rule for sampling rate. 

The required rate is often higher than one would 
suppose. For example, using the criteria of data band­
width alone, a very low sample rate is required for 
the slowly changing voltage outputs from a solar 
panel. Once per minute for each channel might be 
enough. With 60 channels though, the rate required is 
once per second. In addition, one might require a 
maximum of one second for notice of failure on any 
channel, boosting the required sample rate to 60 
samples per second. In this manner low bandwidth 
channels may require a high speed DAS, according to 
the relationship: 
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System Sample Rate = (Highest Channel Rate) 
X (Number of Channels) 

Also, a very nigh sample rate is required to 
preserve the high frequency content of a transient 
event on a single channel. The most commonly en­
countered requirement though, is a multichannel DAS 
(see Fig. 1) with a modest bandwidth on each channel. 
For example, each data source might be an ac­
celerometer with an output ranging through several 
hundred Hertz . 

Notice that the low and high bandwidth signals 
just described cannot be handled efficiently with the 
same system. A sample rate high enough for the 
highest bandwidth channel will oversample the lower 
bandwidth channels, generating unnecessary data. 
High and low bandwidth data are best handled by 
separate multiplexer/converter systems. 

Presampling filters are essential to ensure ac­
curacy in the sequence of digital samples represen­
ting a given channel. Since the multiplexer is a sam­
pler (as is the Sample/Hold and A-D Converter) this 
means a separate filter dedicated to each channel 
preceding the multiplexer. A single filter following the 
multiplexer would do the job, but its modest response 
time would form a bottleneck restricting the sample 
rate. Guidelines are needed then, to relate a given 
level of accuracy to data bandwidth, filter cutoff 
frequency, and number of filter poles. 

As mentioned earler, a filter limits the error due 
to alias frequencies by restricting the bandwidth of 
both signal and noise. Either acting alone or in con­
cert may cause error,'since alias frequencies arise in 
several ways: 

1. Overlap of the signal spectrum and the lower 
sideband associated with the sampling frequency fs. 

2. Overlap of the upper and lower sidebands 
associated with any two consecutive harmonics of fs. 

3. Overlap of any sideband with wideband noise 
from the data channel. 

A band-reject filter would control case 1, but a 
low-pass type is needed to handle cases 2 and 3 as 
well. Again, the Butterworth response is preferred in 
most applications, but it does offer increasing phase 
shift and gain error for frequencies approaching the 
cutoff (-3dB) frequency. This cutoff should be set no 
higher than necessary for acceptable gain error in 
the highest signal components. A higher cutoff will 
only include unnecessary noise bandwidth. 

Finally, for a given accuracy specification such 
as ± V. LSB, a tradeoff may be made between the 
sample rate and number of poles. These poles usually 
come from the filter, but the number may include any 
pole(s) inherent in the transducer, provided they occur 
at an acceptable location relative to the cutoff 
frequency. 

Fig. 12 shows aliaSing error due to tne signal 
spectrum alone vs sampling rate for different num­
bers of poles. The horizontal axis is normalized to 
Sampling Frequency/Cutoff Frequency. Notice that a 
2-pole filter requires a sampling frequency 30 times 
the filter cutoff frequency, just to obtain 1 % ac­
curacy. For ± V. LSB error in a 12-bit system 
(± .01 %), a 5-pole filter requires sampling at 11 times 
the cutoff frequency. Remember, Fig. 12 applies only 
to the signal spectrum. Noise will cause some ad­
ditional aliasing error. 

Clearly, Nyquist's Sampling Theorem is not a 
practical guide for sampling rate in real applications. 
Actual (as opposed to hypothetical) filters cannot 
bandlimit a signal sufficiently to permit the 
theoretical minimum of two samples per cycle of 
highest signa.l frequency. 
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MONOLITHIC SAMPLE/HOLD COMBINES 

SPEED AND PRECISION 
By Tarlton Fleming 

Introduction 

A new Sample-Hold amplifier from Harris Semicon­
ductor offers the best combination of speed and ac­
curacy available in a monolithic device. It was 
developed for moderate to high speed applications­
and particularly as an input for successive-awrox­
imation AID converters which perform a precise 
conversion in 30 microseconds or less. This second­
generation design includes a 100pF MOS hold capac­
itor, and offers a 1.0 microsecond acquisition time 
along with high accuracy over the commercial and 
military temperature ranges. 

This new product, the HA-5320, can track a signal 
indefinitely (like an op amp) while in the sample 
mode. At the instant a digital HOLD command is 
applied the corresponding signal level is held and 
maintained at the output. The ratio of sample 
(track) to hold time is set by the user, according to 
the duty cycle of his digital control signal. 

Comparision With Earlier Design 

The HA-5320 retains the versatility of its predeces­
sor, the popular HA-2420. That is, both have the 
uncommitted differential inputs of an op amp, 
allowing their Sample-Hold function to be combined 
with many conventional op amp circuits. Their 
circuit designs are different, though, producing 
significant differences in performance. These are 
best illustrated by describing the new device in 
contrast with older HA-2420. Table 1 summarizes 
the electrical characteristics of each, based on a 
100pF hold capacitor. 

Both IC's are packaged in a 14 pin DIP and operate 
on ±15V supplies. The hold capacitor connections 
differ as shown in Figure 1. Otherwise, the pinouts 
are compatible to this extent: Either device will 

operate in an existing HA-2420 socket if pin 6 is 
grounded, preferably to the system signal ground. 

The HA-5320 delivers optimum performance when 
used as intended - relying on the internal 100pF 
hold capacitor alone. At + 750 C this capacitor allows 
only 19/1V of droop in 15/15. The Droop Rate is 
proportional to Drift Current, which increases with 
temperature (Figure 3). Droop may be reduced by 
adding external cpacitance CH as shown in Figure 1 B. 
This extra capacitance will reduce the bandwidth 
(Figure 5) and affect other parameters as shown in 
Figure 4. Also, a capacitor of value 0.1 CH should 
be added at pin 8 to reduce output noise in the Hold 
mode. Whether operating with additional hold 
capacitance or not, an HA-5320 offers a considerable 
improvement in accuracy over the HA-2420. Partic­
ularly welcome is the elimination of variation in 
"pedestal" error with input voltage. Further, the 

residual pedestal error may be nulled to zero, yielding 
great accuracy at a given temperature. 

IN-

IN+ 

UNITY·GAIN NONINVERTING CONNECTION ,----------------: 
, I 

I 
"':>e--+----d Vo 

SiH 
CONTROLo---+---~ 

Figure lA. HA-2420 Diagram 
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PARAMETERS 

Input Characteristics 

Offset Voltage 

Bias Current 

Offset Cu rrent 

Common Mode Range 
CMRR 

Transfer Characteristics 

Large Signal Voltage Gain 
Feedthrough Attentuation, 
100KHz 
Gain Bandwidth Product 

Output Characteristics 

Voltage 
Current 
Full Power Bandwidth 

Transient Response 

Rise Time 
Overshoot 
Slew Rate 

Digital Input Characteristics 

Voltage High (VAH) 
Voltage Low (V All 
Current (VAL = OV) 
Current (VAH = 5V) 

Sample/Hold Characteristics 

Acquisition. Time,to 
±0.1% FS 
±O.Ol%FS 

Aperture Time 

Test Conditions: VPS = ±15V ; VAL = 0.8V (Sample); 
VAL = 2.0V (Hold); CH = 100pF 

(Room Temp R = +250 C; Full Temp. F is -550 C to +1250 C) 

I HA-5320 I HA-2420 
TEMP. L MIN TYP MAX L MIN TYP 

R 0.2 0.5 2 
F 2.0 

R 70 200 40 
F 200 

R 30 100 10 
F 100 

F ±10 ±10 
R -80 -90 -80 -90 

R X 106 2 X 106 50K 

F 76 80 76 
R 2.0 2.8 

F ±10 ±10 
R ±10 ±15 
R 600 100 

R 100 50 
R 15 25 
R 45 5 7 

F 2.0 2.0 
F 0.8 
F -4 
F 100 

R 0.8 2.5 
R 1.0 3 
R 25 30 

Effective Aperture Delay Time R -25 30 
Aperture Uncertainty R 0.25 5 
Drift Current R 8 5 

F 1.7 1.8 
Pedestal Error R 1.0 9 

Power Supply Characteristics 

Positive Voltage F 14.5 15 16 15 
Negative Voltage F -14.5 -15 -16 -15 
Positive Current R 11 13 8.5 
Negative Cu rrent R -11 -13 -8.5 
PSRR F -65 -75 -80 -90 

Table 1. Electrl:al Characteristics HA-5320 ¥S. HA-2420. 
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MAX UNITS 

mV 
6 mV 

nA 
400 nA 

nA 
100 nA 

V 
dB 

VN 

dB 
MHz 

V 
mA 
KH~ 

75 nS 
40 % 

VIS 

V 
0.8 V 

-800 IlA 
20K nA 

!1 S 
!1 S 

ns 
ns 
ns 

50 pA 
10 nA 

mV 

V 
V 

12.5 mA 
-12.5 mA 

dB 



UNITY-GAIN NON INVERTING CONNECTION 

IN+ 0---+--1 

StH 
CONTROL D---j---I 

INTEGRATOR 
BANDWIDTH 

-'O.1xCH 

V 
Figure 1B. HA-5320 Diagram 

Understanding Pedestal Error 

When a StH amplifier is switched from Sample to 
Hold, its output voltage rarely matches the ideal 
value one would expect from a perfect device. In­
stead, it differs by a small 4 V of a few millivolts, 
even with a DC input applied. Called "Sample to 
hold offset" or "pedestal", this error has a pre­
dictable polarity and magnitude for given conditions. 

In general, this error is affected by magnitude of the 
input voltage, magnitude of the digital control level 
VAH, rise time of the logic transition, size of the 
hold capacitor and temperature. Most trouble­
some of these is the variation of pedestal with input 
voltage, and this effect has been completely elim­
inated in the HA-5320. 

Pedestal error is caused by the injection of charge 
onto the hold capacitor from a digital input, through 
small values of parasitic capacitance. Injection can 
come directly from the StH control input or from the 
internal switch action. In Figure lAandlB, the ca­
pacitance of a base-collector junction in the switch­
ing circuit is represented as Cp, which varies with 
base-collector voltage for the transistor. That voltage 
is constant for the HA-5320, since Cp connects to 
a virtual ground. Therefore, charge injection and 
the resulting pedestal error are not affected by 
changes in VIN. (For the HA-2420 in Figure lA, 
Cp varies with VIN and produces a varying pedestal.) 

Another source of injected charge is the SIH control 
signal. This coupling is virtually zero within the 
HA-5320 chip, but a packaged unit exhibits about 
one millivolt change in pedestal per volt change in 
TTL level. However, compensation in the chip has 
been adjusted for zero pedestal at the nominal TTL 
level of 3.5V. 

Null the Pedestal 

This may be accomplished by introducing an equal 
and opposite voltage at the output, using the Offset 
Adjust terminals as shown in Figure 2. Since pedestal 
error does not change with VIN, it may be treated 
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as a simple offset. Use of the Offset Adjust shifts 
the pedestal error to the Sample Mode though, 
which may cause problems in a few applications. 

} "","" OUTPUT 

SYSTEM SYSTEM 

GfIOU,"D 

Figure 2. Signal Processing System 

For these, one may make use of the relation between 
pedestal magnitude and the digital input level. 

As mentioned earlier, the pedestal changes about 
one mV per volt of change in the digital "1" level, 
or VAH. For small systems simply adjust V AH until 
the pedestal is eliminated. In larger systems, the same 
adjustment may be made locally: 

TTL 
COMMAND 

OPEN 
COLLECTOR 

+5V 

HA·5320 
11< 

1 OK S4---'1NI ..... ..:.14.;..j StH 
CONTROL 

Understanding Droop Error 

"Droop" is a change in output voltage vs. time while 
in the hold mode, caused by a flow of leakage current 
from the hold capacitor. For the HA-5320, this 
change is quite linear with time. The leakage current 
includes "off" leakage from the bipolar switch and 
bias current into the inverting input of the output 
integrator. The switch output consists of the joined 
collectors of two "off" transistors, NPN and PNP. 
These are tied to a JFET gate at the integrator input, 
so the hold capacitor looks at three leakage compo­
nents, each of which doubles every lOOC. Ideally, 
these sum to zero and maintain a net zero leakage 
into the hold capacitor with changes in temperature. 
Effort has been made to achieve this. The JF ET 
also produces less output noise than does the MOS­
FET used in the HA-2420. 

An externally-supplied hold capacitor may provide 
other avenues for leakage current, but of course 
the HA-5320 does not require an external capacitor. 
Its lOOpF internal hold capacitor is a guaranteed 
and factory-tested component. This eliminates 
the uncertainty associated with a user suppl ied com-
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ponent, and also eliminates the selection, purchase, 
stocking, test and assembly of high qual ity hold 
capacitors. 

The typical leakage (called "drift") current varies 
with temperature as shown in Figure 3. Then, droop 
error is directly related to drift current by the relation 

VDROOP = IDRIFT .:1tH 

CH 

where tH is time in the hold mode. Using CH=100pF 
and .:1 tH = 251J s, typical droop error may be cal­
culated for a given temperature: 

1.25J.lV @+ 250C 
VDROOP = 23.0 pV @+ 750 C 

425.0 J.lV @+1250C 

This shows a typical droop error of less than 1/5 
LSB in 12 bits at +1250 C, for one of the major 
applications targeted for this device (input to a 
successive-approximation A/D converter with 25J.l s 
conversion time.) 

10,OOO.---,--,-r--,--,-r-...,--,-r-...,--,--, 

1000 /' 

Ie 
CH '" 100pF 

V-
V 

~ 

V ~ 
0 
u a: 100 

V :;: V-ii' V 9 

10 

V 
"V 

+25 +50 +75 +100 +125 
TEMPERATURE, aC 

Figure 3. Hold Mode Drift Current v.s. Temperature 

10+-----+--7''----t------1 

51'\ LOUlSlTION1TlME ._ lX FOR 10V STEP TO +0,01%, 
MICROSECONDS 

1.0~-----''cl-----+----1"- I'\. VOLTAGE DAOOP 
0.5 DURING HOLD MODE,-

"" ~'~.'= 
0.1 '" 
.05 " , 

SAMPLE-IO-HOLD 
OFFSET (PEDESTAL) 
ERROr' MILLIVOLTS 

.01'--___ ...L ___ .....l ___ --' 

100 1000 10K lOOK 
CH VALUE, PICOFARADS 

Figure 4. Tvpical Sample-and-Hold Performance 
v.s. Hold Capacitance 
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~ " ICH"";'1 

--..." 
~ 

~(CH~1100pF~ -'" '" ~ ~ ~ 
"r------

J-:-. .1 18' 

" " \ 
2Or---+--+--+----t'~-r.._+-t--1 

-"'!, .1 
'" 1K 10K 100K 1M "M 

Figure 5. Open Loop Gain and Phase Response 

Output Current 

Up to ±20mA may flow without damage, but the 
guaranteed limit for normal operation is ±10mA. 
The design does not include short circuit protection; 
consequently output impedance remains low with 
increasing frequency. This is an advantage in Figure 
2, where the S/Houtput sees step changes in load 
current as a conversion proceeds. The HA-5320 
is able to absorb these current changes with only a 
small and brief (5mV, lOOnS) perturbation in its 
output voltage. A higher output impedance would 
extend this transient toward the moment of decision 
by the converter's comparator, producing a degrada­
tion in digital output accuracy. 

With power applied, avoid a momentary short of the 
HA-5320 output to any fixed potential such as 
ground or either supply. 

Signal Processing Considerations 

An analog signal may be digitized by a Sample/Hold­
AD converter system such as the one shown in Figure 
2. If required, the analog signal may then be recon­
structed from that sequence of digital samples, using 
a D/A converter. One might ask, how does the 
sample/hold alone constrain this sampling process? 
That is, how high a frequency can be digitized to a 
given level of accuracy? 

The HA-5320 imposes three types of limit on the 
highest signal frequency applied at its input. First, 
the analog channel in the Sample mode has a 2MHz 
small signal BW, and a 600KHz Full Power BW (20 
Vpp input). Next, Aperture Uncertainty Time 
contributes a trade .. off between accuracy and fre­
quency. Finally, Acquisition Time places a ceiling 
on the maximum sample rate obtainable with a 
given A/D converter, according to: 

1 
MAX SR = 

tACQ+ tCONV 
where tCONV is the A/D converter's conversion time. 
(Input frequency must not exceed one half the 
Sample rate, unless the application is tolerant of 
"alias" errors). 



For example, the typical HA-5320 Acquisition Time 
for a 10V step is: 

Temp 

+250C 
+1250 C 

Acquisition Time, tACO 
±0.1% ±0.01% 

0.8ps 1.0ps 
0.9ps 1.1ps 

Thus a 25J..lS converter could generate approximately 
(1ps + 25ps) -1 = 38,460 samples per second, allow­
ing input frequencies as high as 19.23 KHz under 
ideal conditions (a low noise signal source with 
abrupt bandlimiting). 

In most applications though, a low pass "antialiasing" 
filter is required to bandlimit the HA-5320 input. 
This filter controls "alias" error by reducing the amp­
litude of all signals and noise at and above the,~yquist 
frequency (SR/2). A given accuracy requirement 
translates to a minimum attenuation at the Nyquist 
frequency, which is accomplished by increasing 
the sample rate and/or the filter complexity(#poles). 
Twelve bit (±1/2 LSB) accuracy for example, calls 
for a 5 pole filter and sampling at 11 X the highest 
signal frequency of interest. Using 38.46KHz for 
Sample Rate, this limits the input frequency to 
3500Hz (SR/11). If this seems low, bear in mind 
that 12 bits ±1/2LSB is a tight specification. 

The HA-5320's Aperture Uncertainty Time also 
imposes a limit on input frequency, independent 
of that due to filter poles and sample rate. The 
relation is 

fmax=-----
2n+1 7rtAU 

where tAU is the aperture uncertainty and fmax is 
the highest frequency that can be sampled to ±1/2 
LSB accuracy at n-bit resolution. Typical tAU is 
270ps for the HA-5320, leading to 143.9 KHz for 
fmax at 12 bits. That makes the HA-5320 com­
patible with some of the fastest 12 bit converters 
available today. Also, since fmax increases for lower 
resolution, the frequency limit based on aliasing will 
be encountered first in nearly all applications. 

Another parameter of concern is feedthrough. After 
sampling a signal and holding it, how much of that 
signal will couple to the output and appear super­
imposed on the DC level there? At 100KHz, the 
answer is 1 mVpp at the output, due to 10Vpp at 
the input. At 10KHz, the feedthrough is still 
-80dB indicating the coupling path is resistive over 
this range. 

At lower frequencies, the feedthrough is less (better) 
than this, since the HA-5320 is designed for relatively 
short hold periods. For example, the 3500Hz limit 
mentioned above for a 12 bit, 25ps converter requires 
285J.Ls to complete one cycle. The HA-5320 will 
see only a small fraction of this input cycle during 
each hold period. 

Op Amp Properties 

Both the HA-5320 and HA-2420 behave like op 
amps in the sample mode, and may be treated as such­
that is, external feedback may be connected to 
form filters, integrators, inverting and non-inverting 
amplifiers with gain, etc. This versatility is in con­
trast to many other designs in which the inverting 
input is internally connected, committing the device 
to the noninverting unity gain configuration. 

Referring to Figure 1, it may be noted that the 
HA-5320 is even more like an op amp that the 
HA-2420. Where the HA-2420 input stage is a 
voltage amplifier (actually an op amp by itself), 
the HA-5320 input stage is a transconductance 
amplifier, producing an output current gmVIN. 
Also, the HA-5320 output stage is an integrator, 
analogous to the 2nd stage of a classical op amp. 
The hold capacitor corresponds to the op amp's 
compensation capacitor, through here the analogy 
falters. Like the op amp though, closed loop gain­
bandwidth product for the HA-5320 may be pre­
dicted from the expression gm/CH. 

Fabrication of the HA-5320 features the Harris 
high frequency dielectric isolation (DI) process, with 
front-diffused collectors and P-channel JF ET's. This 
approach has yielded DC input characteristics which 
compare well with those of premium monolithic 
op amps. Typical Offset Voltage is 200,.N at +250C 
and only 2mV at +1250. Offset Current is guaranteed 
less than 100nA at +1250C, or half the value of 
Bias Current at that temperature. Common Mode 
Rejection is guaranteed 80dB minimum over the 
±10V range, with 90dB typical. 

The HA-5320 is very stable in the non inverting unity 
gain connection. Typical phase margin is 600 at an 
open loop unity gain frequency of about 2MHz. 

As mentioned earlier, the addition of external hold 
capacitance has a direct affect on bandwidth. For 
example, adding 1000pF increases CH from 100pF 
to 1100pF. As a result, the 2MHz unity gain band­
width shrinks to (100/1100) 2MHz = 182KHz. 
This means more time must be allowed for acquisi­
tion for a new sample, but not in the same ratio: Ac­
quisition Time to .01% increases from 1.0J.Ls to 
only 8.7J.Ls. 

Figure 6 shows the response to a 10 volt step in the 
sample mode. The asymmetry from rise to fall time' 
for slew rate and overshoot is common to all units. 

Figure 7 shows some Sample/Hold characteristics 
for a small signal (10mVpp) input. The Sample to 
Hold settling time is less than 200ns-higher gain 
and sweep speed resolve th is to about 160ns. Notice 
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the final overshoot is less than .01% (one millivolt). 
This response is the same for any signal level. Also, 
slew rate is proportional to the magn itude of an 
input step, yielding a fairly constant value for slewing 
time, regardless of the distance slewed. This produces 
·about one microsecond of acqu isition time for any 
step change exceeding small signal conditions. For 
the small signal input of Figure 7, however, acquis­
tion time is about 400ns (no slewing). 

Figure 6. Step Response 

Figure 7. Small Signal Transient Response 

Applications 

AID CONVERTER INPUT 

An important appl ication has been presented in 
Figure 2, in which the HA-5320 serves to reduce 
the aperture time of an A/D converter. More directly, 
the Sample/Hold "freezes" an instantaneous value 
of VIN and holds it constant during the analog to 
digital conversion. In Table 2, fmax without a Sample/ 
Hold is relatively low, since aperture time equals the 
HI-574A conversion time. Adding the HA-5320 sub­
stitues a much smaller aperture, which could allow an 
input frequency civer 100KHz, but a lower limit is 
imposed by alias error effects. This limit depends on 
various conditions in the application, so the values 
listed for fmax(using the HA-5320) are only represen­
tative. 

USING THE HA-5320 

HI-5712 fMAX (Vin) MAXIMUM Min.#POLES, 
REQUIRED CONVERSION WITHOUT SAMPLING fMAx(Vin) ANTI-ALIASING 

TIME,MAX. SAMPLE/HOLD RATE FILTER 

8 BITS ±1/2lSB '"' 88.8Hz 111KHz 24.8KHz 

10 BITS ill2LSB 8.5pS 18.3Hz 95KHz 6.2KHz 

12 BITS±lI2LSB ',,"' 3.9Hz 83KHz 105KHz 
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Table 2. Accuracy v.s. Maximum Input Frequency f max 

PEAK DETECTOR 

An analog signal requires about lOOns to propagate 
through the HA-5320. For time varying signals, 
this assures a voltage difference between input 
and output. Also, the voltage changes polarity when 
the signal slope changes polarity (passes a peak). 
This behavior makes possible a Sample-Hold peak 
detector, by adding a comparator to detect the 
polarity changes. 

In Figure 8 the exclusive NOR gate allows a reset 
function which forces the HA-5320 to the sample 

-15V 

HA-53Z0 

INPUT <>--+--1--1--4 >--4-1---4'-0 OUTPUT 

t (HA-49051 

ZKll 

RESETo---------------__ ----~~--~__O+5V 
---u-

Figure 8. Positive Peak Detector 

mode. The connections shown detect positive peaks; 
the comparator inputs may be reversed to detect 
negative peaks. Also, offset must be introduced 
to provide enough step in voltage to trip the compar­
ator after passi ng a peak. 

This circuit works well from below 100Hz up to 
the frequency at which slew rate limiting occurs. 
It captures the amplitude of voltage pulses, provided 
the pulse duration is sufficient for slewing to the 
top of the pulse. 

The author wishes to thank design engineer Paul 
Hernandez and senior technician Roger O'Brien 
for their technical support. 
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No. 539 Harris Analog 
A MONOLITHIC 16-BIT 

CIA CONVERTER 
By Tarlton Fleming 

Introduction 

Close attention to second order error sources has 
produced a 16 bit monolithic current-output DAC 
whose performance over temperature surpasses all 
similar products available at this time. The HI­
DAC 16B is a dielectrically-isolated, bipolar de­
vice offering typical differential and integral non­
linearities of +1/2LSB, +3/4LSB respectively at 
room temperature, increasing to double those limits 
(maximum) at +750 C. Current mode settling time is 
1 u s to ±.003% FSR. It carries forward a tradition 
among monolithic electronic components, in perfor­
ming a function both at lower cost and with smaller 
size than most of its predecessors. 

The prospect of an emerging market for digital audio 
equipment is driving the development of high-resolu­
tion converters within many semiconductor com­
panies. All are anticipating a need for D/A converters 
in high volume, whose technical requirements are 
already well established (14 bit resolution and ac­
curacy, monotonic from 00 to 700 , 1-2 /J. s settling 
time). Also, the aggressively low selling price of 
audio playback units dictates a monolithic IC com­
ponent as the most promising solution. 

HARRIS offering in this area was first announced 
at the 1982 International Solid State Circuits 
Conference in San Francisco. Called the HI-DAC16, 
its architecture is an extension of the earlier 12 bit 
HI-562, but with several significant innovations in 
circuit design and layout topology. The current 
result is solid performance at 15 bits. A sixteen 
bit accurate device is also under development. Since 
this performance exceeds the present requirements 
for playback of digital audio, the HI-DAC16 has 
targeted the markets for high resolution process 
control and precision instrumentation. It also prom­
ises a lower cost alternative for industrial weighing 
systems, automatic test equipment and high perfor­
mance vector graphics, as well as digital audio. Per­
formance is specified in Table 1 for the Band C 
grade units, which were introduced in March. 
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PARAMETER 

Resolution 
Unipolar Offset@250C 

QO=760C 

Integral Nonlinearity @ 250C 
00-750C 

Differential Nonlinearitv 
OO-750C 

Reference Input 
Voltage 
Resistance 

Output 
Resistance 
Capacitance 

Settling Time 
(Full Scale Transition) 
Current Settling to +,003% 

Noise at Output 
RMS+l O.lHzto5MHz 

Power Supply Sensitivities 
Gain 
Differential Nonlinearity 

Power Dissipation 

MODEL 
HI-DAC16B HI-OAC16C 

16 Bits 
±.002% FSR 

±.5ppm of FSRJOC 

.!.0023% FSR ±.0045% FSR 
±.0045% FSR, Max 1.009% FSR, Max 

! .0015% FSR :.003% FSA 
~.003% FSR, Max ~.006% FSR. Max 

10V 
10KU 

2.SKn 
lOpf 

l}lsec 

1/5lSB 

BSdb or .Bppm/% 
95dbor ,3ppm/% 

465mW 

Table 1 

To appreciate the challenge posed by a 16 bit con­
verter, consider that an LSB is only 153J.LV, based on 
a 10V full scale voltage output. Similarly for current 
outputs, the nominal 2mA full scale sets an LSB 
at only 30.5 nanoamps. One must be very careful 
in handling these small increments of signal to avoid 
losing them among the offsets, noise and bias currents 
normally present in a system application. 

For example, the analog ground connection to a 
conventional switched current source DAC contains 
code-dependent currents varying from zero to 2mA 
or more. Flowing through 6 inches of a typical 
40 mil wide printed circuit trace, these currents 
produce an I R drop of 66 micro volts - nearly 1/2 
LSB in a 16 bit system. 

The HI-DAC16 eliminates this problem by supplying 
the ground current from within the chip. This allows 
its analog ground terminal to sense the system ground 
at any reasonable distance, without an I R drop. 
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Figure 1. 

Photomicrograph of the HI-DAC16. Digital-to-Analog Converter circuit combines dielectricallv isolated bipolar 
technology with nichrome thinfilm resistors. 

CONTROL AMP CURRENT STEERiNG CELLS BIASCKT 

125MILS 

REF. AND RANGE COMPLEMENTARY 
RESISTORS R-2R LADDERS 

f-------------215 MILS----------~ .. I 
Figure 2. 

Chip Diagram 

Basic Facts 
The H I-DAC16 operates on ±15V ,with 456r'nW typ­
ical power dissipation. Package is a 40 pin side 
braze DIP. The 16 digital inputs accept a TTL com­
patible Straight Binary code word, and the nominal 
full scale current output is 2mA. An external +10V 
reference must be supplied. See Figures 1 and 2 
for the chip layout and location of functions. 

As shown in Figure 3, an onboard thin-film resistor 
provides a one-half scale offset for the bipolar ranges. 
Two more span resistors provide feedback around 
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an external op amp to establ ish any of the standard 
ranges of output voltage: +5V, +10V, :!:2.5V, .:!:$V 
and±10V. 

To minimize offset error due to the op amp's input 
bias currents, each ampl ifier input should see the 
same source resistance. An additional on board re­
sistor network may be connected to the ampl ifier's 
noninverting input to provide this matching for three 
of the five output ranges. 



'OK 

CONTR. AMP, +IN 

3.3K 

CONTR. AMP, -IN 
!OR = 1.25Kn 

Figure 3. 

'OV 
SPAN R 

20V 
SPAN R 
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~
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SPAN R 

248n 

±5VTERM 
SPAN R 

1.42K 

GNDTERM 

Simplified Functional Diagram of the HI-DAC16. Details of the ground current cancellation circuit are In Figure 4. 

A Look At Design Details 

Internal cancellation of ground current is one of the 
HI-DAC16's most significant improvements. It 
simplifies application of the device by reducing 
current in the analog ground terminal nearly to zero. 
DC offset voltage between the package and system 
ground is eliminated, and dynamic code-dependent 
current variations are contained within the chip. 

Refer to Figure 4. The chip includes two identical 
thin film R-2R ladders, deposited with physical 
symmetry about a common analog ground bus. The 
main ladder generates output current 10 for the lower 
13 bits. 

The auxiliary ladder is driven by a complement of the 
DAC's input code, so the two ladders together draw a 
constant 3mA from the internal analog ground re­
gardless of input code. (The auxiliary ladder gener­
ates a complementary current 10 which is dumped 
into the non-critical power ground.) The nominal 
three milliamps is supplied internally from the posi­
tive power supply, via a current mirror driven by a 
0.5mA current source. Net current through the 
external analog ground is zero. Further, this null 
condition is maintained with variations in tempera­
ture and reference voltage, since the current source 
is driven by the control amplifier. 

To accomplish binary weighting of the sixteen bit 
currents, identical current cells are employed, each 
with a 250M A sink and a differential transistor pair 
used as a two position bipolar switch. For the three 
MSB's, cell currents are switched either to 10 or 
power ground. For the remaining 13 bits, binary 
currents are obtained from an R-2R ladder. 

Four cells are switched in tandem for the MSB; 
two for bit 2 and one for bit 3. In all, 20 cells mirror 
current from a set of four reference cells, with all 
24 driven by an onboard control amplifier and the 
reference voltage. The resulting transfer function is: 

VREF 84 85 86 816 
10= -- (48 1 + 282+ B3+2"+4+"8+····· .+"131 

4RREF 2 

.... where B1 through B16 are logical values for the 
sixteen digital inputs, ie. either "1" or "0". 

~ .. 
oc 

COr.lTROL 
AMPLIFIER 
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Figure 4. 

Ground Current Cancellation. The auxiliary ladder add. 
complementary current to Analog Ground, to eliminate 
variations due to input code changes. The resulting DC 
current is then supplied internally from VCC. 
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Several measures have been taken to counteract the 
linearity errors produced by any slight mismatch in 
cell currents or non-ideal tracking of the composite 
reference cell. First, the four reference calls are 
physically positioned among the cells of the first 
three MSB's in a pattern which minimizes tracking 
errors. Although close matching is assured by the 
control of process parameters and the careful match­
ing of resistor and transistor geometries, small errors 
arise due to thermal gradients and I R drops in the 
negative supply bus. This bus is configured as a 
tree rather than a single wide conductor, to minimize 
the impact of I R drops and their change with temper­
ature. Further, cell matching is enhanced by oper­
ation of all cells at the same current, which estab­
lishes a uniform power dissipation across the cell 
array. 

"Superposition error" is another aberration in the 
transfer function of D/A converters, in which the 
voltage output for a given code does not exactly 
agree with the sum of those bits if they are turned 
on one at a time. Small I R drops in the ground line 
can cause this; as can a slight change in value of the 
onboard span resistor. Small changes are produced 
by self heating due to the flow of feedback current 
from the op amp. This effect is nonlinear with 
current and may be calibrated to zero at full scale, 
yielding a maximum error for outputs near 0.6 
of full scale. 

In the HI-DAC16, however, superposition error 
is hardly measureable. Ground current has been 
cancelled, eliminating that error component. To 
minimize the effect of self heating, the reference 
resistor is located between the two span resistors to 
provide a tight thermal coupling among the three. 
The ratio of reference to span value is only 2: 1, 
using identical geometries, so a temperature change in 
either span quickly produces a similar effect in the 
reference resistor. However, a change in the reference 
produces an opposite effect on the output. The net 
effect is a first order cancellation of superposition 
error. 

Settling Time-A Challenging 
Measurement 

This measurement is routine at 8 bit resolution and 
challenging at 12 bits, but at 14 bits it pushes the 
limit of currently available techniques. As mentioned 
earlier, typical full scale settling for the HI-DAC16's 
current output is one microsecond (to '±0.003% of 
full scale which is ±1/2 LSB at 14 bits). Although the 
time interval is only moderately fast, it is difficult 
to measure the ±1/2LSB window at high resolution. 

The method in use at Harris Analog Division sim-

ulates the conditions seen by a DAC when used in a 
successive approximation AID converter. A strobed 
comparator (The HA-4950) is used to sense the DAC 
output with respect to a .±1/2LSB window about the 
final settled value. At 14 bits, the comparator 
operates reliably (H I-DAC16 provides 20311 V for 
the LSB in this setup) but at higher resolution the 
smaller LSB doesn't provide enough overdrive. These 
measurements will require either a better comparator 
or a different test method. 

For the voltage output case, the LSB is large enough 
at a given resolution to ease the problem. Also, 
the settling time is longer. If the amplifier settles 
in ta, the DAC in td and the measured value for the 
combination is tm, then td =Jtm2, - ta2, provided 
the amplifier has a single pole response. 

Voltage Output-Any Old Op Amp 
Won't Do 

" " 

Figura 5. 

Composite amplifier provides fast, accurate conversion 
of output currant to voltage. 

The HI-DAC16 imposes strenuous demands on its 
output current-to-voltage amplifier. Amplifier 
offset voltage adds error to its voltage output; input 
bias current adds error to the DAC output current; 
and finite open loop gain introduces gain error. 
These errors can be compensated by the calibration 
of offset and gain, but some error will reappear 
as temperature varies. A precision op amp like the 
HA-5130 contributes so little DC error that no 
calibration is required in most cases. It's not fast 
enough though, for high rates of update at the DAC 
input. HA-5130 settling time is rated 11/.1s, just to 
settle within ±0.1% (for a 10V step, slewing at 
0.8V//.1S). 
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Other op amps with different compromises in speed 
and accu racy may be chosen, but no si ngl e mono­
lithic op amp can meet all these requirements: 



Input Bias Current 
Input Offset Voltage 
Large Signal Voltage Gain 
Settling Time to :2:0.003% 
Unity Gain Stable 

3nA 
l5pV 

106 
211 S 

However, a composite based on two monolithic op 
amps can offer that performance at reasonable cost. 
The basic connections are shown in Figure 5. 

In this arrangement the HA-5130 contributes low 
input bias current, low offset voltage and high open 
loop gain, while the HA-2540 contributes high slew 
rate, wide bandwidth and fast settling. The JFET 
buffers the HA-2540's input bias current, and CFB 
may be selected to optimize settling time. 

Data Bus Interface 

In general, a D/A converter is more readily connected 
to a digital data bus than its counterpart, the A/D 
converter. The interface is especially straightforward 
if the DAC input and data bus have the same width 
(in number of bits). 

Figure 6 for example, shows the HI-DAC16 providing 
an analog output from the 16 bit data bus of an 
8086 system. The DAC is updated with every coin­
cidence of the M/io and WR signals and a proper 
address. Low Power Schottky TTL latches are 
recommended for minimal time skew in the arrival 
of individual bit signals. This in turn, minimizes 
glitch energy in the DAC output during code changes. 

Interfacing the HI-DAC16 to an 8 bit data bus simply 
requires the microprocessor to write two consecutive 
bytes to the DAC input. Unless some form of double 
buffering is employed, however, the DAC output will 
assume an unwanted intermediate state during the 
interval between application of the first byte and ar­
rival of the second. This problem is eliminated in 
Figure 7 with a few additional ICs. 

In Figure 7, the H I-DAC16 is connected to a gen­
eralized 8 bit system. The Address Decode Logic 
produces exclusive low states on 01, then on 02, for 
two consecutive addresses. These two decoded 
address signals are gated with "Address Valid" and 
"Write" from the microprocessor to produce clock 
inputs for the latches. As a result, the first (and least 
significant) byte is latched into FF1, then both bytes 
are fed to the DAC input simultaneously via FF2 
and FF3. 

The programmable interface devices available in 
most microprocessor component families are not 
"double-buffered" and so offer little advantage for 
interface to the HI-DAC16. The circuits of Figures 
6 and 7 are more direct and less expensive. Also, 
digital feedthrough to the DAC's analog output can 
be a problem when interface circuitry is included 
on the DAC chip. For the HI-DAC16, external gates 
and latches provide a barrier to shut out this digital 
noise from the microprocessor. 
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The author wishes to thank design engineer, Tom 
Guy, for technical advice in support of this article. 

FF1 

Figure 6. 

Interface for a 16 bit DAC and 16 bit data bus (8086 system, 
minimum mode): New data is latched to the DAC input 
following a simultaneous low on each input to the NAND 
gate. The latches are strobed when WR returns high. 

Figure 7. 

An 8 bit data bus feeds a 16 bit DAC through this simple 
interface. The address for the least significant byte produces 
Q1. Coincidence of Q1, ADDRESS VALID and WR Clocks 
this first byte into FF1. Similarly, the second byte produces 
Q2 which results in a strobe to FF2 and FF3, applying both 
bytes to the DAC input simultaneously. 
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FOR YOUR INFORMATION 

No. 540 Harris Analog 

HA-S170 PRECISION LOW NOISE JFET 
INPUT OPERATIONAL AMPLIFIER 

By J. S. Prentice and R. W. Leath 

Introduction 

The HA-5170 is a preCISion, JF ET input, opera­
tional amplifier which features low noise (12 nVI 
.,fHz at 1 k Hz), low offset voltage (100 IJ. V), low 
offset voltage drift (3 IJ. V 10C), and low bias currents 
(20pA). Complementing these excellent input 
characteristics are dynamic performance charac­
teristics never before available from precision oper­
ational amplifiers. An BVI J.l s slew rate, 5MHz band­
width and fast settling times less than 1.5 J.l s (set­
tling to 0.01%) make the HA-5170 well suited for 
fast, precision AID or O/A converter designs, 
precision sample and holds, precision integrators, 
or transducer signal amplifier designs. 

Inside the HA-5170 

The Harris technology has two important advan­
tages. First, a unique ion implant process produces 
JFET's with excellent matching and low 1/f noise. 
Second, the JFET's are in their own dielectrically 
isolated islands which completely eliminates the 
largest gate current component - the island to 
substrate leakage. 

The HA-5170 has two voltage gain stages. The first 
consists of a differential JFET pair with resistor 
loads which develops a gain of 10. The second is 
a complete bipolar op amp with a gain of 30K. The 
absence of active loads in the first stage insures that 
the offset voltage, offset voltage drift and noise 
voltage result exclusively from the input JFET pair. 

When it comes to building low noise JFET 
componets, bigger is better. The JFET input noise 
voltage, both the llf and white componets, is 
inversely proportional to the square root of the gate 
area. Likewise, the input noise voltage due to the 

drain load resistors is inversely proportional to the 
square root of the resistance value. The JFET's 
"weigh in" at a whoopingll0 mil2 gate area with the 
resistors at 14kH.This results in typical noise voltages 
of 12nV/v'HZ at 1kHz, 25nV/v'Hz at 10Hz and 
1 IJ. V p-p over the 0.1 to 10Hz frequency band. 
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Trimming the offset voltage of a JFET op amp 
usually degrades the offset voltage temperature 
coefficient, so a trim scheme that simultaneously 
nulls both the offset voltage and offset voltage 
temperature drift was developed. The dominant 
JFET mismatches arise from mismatches in the 
channel height and doping profiles, not photoli­
thography errors. It is not surprising that the V p 
mismatches correlate with the lOSS mismatches. 

The amplifier offset voltage is given by 

In this circuit, the mismatch of the drain load re­
sistor sets the JFET drain current mismatch. 

Thus, the offset voltage can be zeroed by trimming 
the load resistors. Since Vp has a large positive temp­
erature coefficient, the offset voltage drift is nor­
mally degraded. By making the loads from compos­
ite resistors, thin film resistors in series with diffused 
resistors, the temperature coefficient of the ~ RIR 
ratio can be set to cancel both the trimming induced 
drift and also the JF ET mismatch induce drift. This 
makes the HA-5170 the first JFET op amp in which 
trimming the offset voltage simultaneously trims the 
offset temperature drift. Furthermore, the offset 
voltage drift is reduced to even lower values when 
the offset voltage is nulled externally with an off­
set adjustment pot. The 5170 has a typical offset 
voltage of 100 IJ. V, offset drift of 3 J.l V 10C (without 
external offset nulling), and warm-up drift of only 
20J.lV. 

The excellent dc performance of the HA-5170 is 
complemented with dynamic A.C. performance never 
before available from precision operational amplifiers. 
The BV I IJ. s slew rate and 5M Hz bandwidth allow 
the designer to extend precision instrumentation 
applications in both speed and bandwidth. The fast 
settling time of the HA-5170 (typically less than 



1.5/.lS, settling to 0.01%) also makes it well suited 
for fast precision A/D and D/A converter designs. 

Applications 

Several applications which utilize the design features 
and excellent performance of the HA-5170 are 
described below. 

Single Op Amp Instumentation Amplifier 

The HA-5170 may be used as a single op amp in­
strumentation amplifier because of a unique design 
feature which places the offset adjust terminals at 
the juncture of two differential gain stages. The 
instrumentation amplifier, as shown in Fig. 1, is 
very simple and provides good performance features 
such as low noise, low offset voltage, low offset 
voltage drift and high input impedance at low cost. 

:l 3 7 
+ 

VIN 
6 

2 

~ J 
VOUT 

R1 

~ -v 
~ R2 

VREF 

Figure 1. Single Op Amp Instrumentation Amplifier 

The gain of the first differential stage is internally 
fixed at a gain approximately equal to 12. A feed­
back resistor R 1 connected between the output 
(Pin 6) and the balance pin (Pin 5) will close the 
loop around the second differential stage and set 
its gain. The closed loop gain of the instrumen­
tation amplifier varies directly with the value of R 1 
and is approximately 

AVCL = 12.5 V/V/krl 

The minimum gain which can be applied is about 
125 (R1 = R2 = 10k n ) because the current into 
pins 1 or 5 must be limited to 4mA. 

The second resistor (R2, which is connected be­
tween Pin 1 and a reference voltage) is used to 
establish a reference voltage level for the output. 
This reference voltage may be placed at ground 
potential or may be variable for use as offset ad­
justment. The resistor R2 should also be matched 
with R1 in order to maintain high common mode 
and power supply rejection ratios. Standard 1 % 
tolerance resistors will typically provide 90dB re­
jection ratios. 

The two inputs of the HA-5170, pins 2 and 3, may 
now be used as high impedance, true differential 
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inputs with a common mode range of 
-Vsupply+3V to +Vsupply+0.1V. If resistor values 
R 1 = R2 = 16 krl are used, for example, this circuit 
will provide a closed loop gain of 200 with a 3dB 
bandwidth of 20kHz and a THD < 0.5% (Vout 
= 2Vp_p). The gain linearity is typically better than 

0.2%. However, the gain also changes about 0.2%/v 
with both common mode and power supply voltages. 
The gain T.C. is around 450ppm/oC but this can 
be reduced to less than 200ppm/oC just by using 
carbon film resistors which normally have negative 
T.C.'s (approximately 260ppm/oC for 16 k n re­
sistors). Of course using resistors which have neg­
ative T.C.'s near 450ppm/OC will cancel gain T.C.'s 
altogether. If a variable gain is desired, a trim pot 
(in addition to R1 and R2) may be placed between 
the offset adjust pins. Resistors R 1 and R2 and the 
maximum value of the trim pot will set the minimum 
gain. As the resistance of the trim pot is decreased, 
the gain will increase proportionally to the inverse 
of the trim pot resistance. This relationship of gain 
and trim pot resistance is shown in Fig. 2. 

This circuit also maintains all the HA-5170's excellent 
A.C. and D.C. characteristics such as low offset voltage, 
low offset voltage drift, low noise, and high gain. 

5201--+---'1-+-...j1-+-j--t--t--t--t--t--t-:t 
L"" 

4801-+-I-+~I--I-~-+--+-+--+V-.y"-t-l 

z~ol-+-I-+-I--I-~-+--+-~~~~-+-~ 

g4001--~-I-+-I-+-j--t-~~~~--t--t-~ 
15 V 
g360~~-I--~-I--+-j~q--+--t--+--t--t~ 
53 V 
g3201--+-I-+-~7F-j--t--t--t--t--t--t-:t 
<.> ...... V 

280f--+--+/;,.£1-t--+--+-+---t-t-+---H 
2~1--r.~1-+-j--t--t--t--t-+--t-+--t, 

200 ./ 
a 100 200 300 400 500 600 700 800 SOD 1000 1100 1200 

CONDUCTANCE BeTWEEN PINS 1 AND 5 (lin) 

Figure 2. Closed Loop Gain Vs. Conductance Of Trimpot 

Sine Wave Oscillator 

The instrumentation amplifier circuit described above 
can be easily modified to produce a low distortion 
sine wave oscillator with voltage controlled amplitude 
as shown in Fig. 3. The small changes in gain of the 
instrumentation amplifier that occur with changes in 
common mode voltage has been exploited here to 
provide oscillator amplitude control with a voltage 
source. Another unique feature of this circuit is 
that is does not require any of the nonlinear com­
ponents that most other sine wave oscillators require. 

The phase lead network, wh ich consist of R3, R4, 
and C1, cancel the phase lag through the amplifier 
and oscillation occurs at the frequency where the 
product of ampl ifier gain and voltage feedback ex-
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actly equals one. The amplifier gain is expressed as 

A 
AV: 

(l+jwlwol 

where A is the dc gain (about 125 for R 1 : R2 : 
10k f! ), Wo is the bandwidth (about 200K rad/s) 
and W is the frequency of oscillation. The voltage 
feedback is expressed as 

[1 + j We1 (R3 + R4)] 

For their product to be equal to one, both of the 
following must be true: 

Wo 

The oscillation amplitude is stabilized at the point 
where the loop gain is equal to one by the small 
gain nonlinearity of the instrumentation amplifier. 

c, 
+v 

;>~----~------oVOUT 

ative common mode voltages decrease amplitude. 
A typical curve of amplitude versus common mode­
voltage is shown in Figure 4. The gain non-linearity 
of the instrumentation amplifier is small, however, 
and distortion less than 0.5% can be obtained over a 
100Hz to 100kHz range. 

Frequencies down to 10Hz can be achieved by 
lowering Wo with a capacitor in parallel with R 1. 

High Impedance Transducers 

The HA-5170 is well suited as a preamplifier for high 
impedance transducers, such as photo diodes and hy­
drophones, because of its high input impedance and 
low current noise. Fig. 5 shows a photo diode pre­
amplifier circuit whose output voltage is approx­
imately the photo diode current times the value 
of R 1. When no light is present, the output of the 
HA-5170 is 

Vo: IND R1 + IN R1 + VNR + VN 
where _IND : Shot noise of diode 

HP5082-4203 
Photo diode 

IN = Noise current of op Amp 
VNR : Noise voltage of resistor 
VN : Noise voltage of op Amp 

.>-----...... ---0 VOUT 

Figure 3. Sine Wave Oscillator With Voltage Controlled Amplititude Figure 5. Photodiode Preamplifier 

This operating point and initial amplitude is set by 
the resistor divider network of R3 and trim pot 
R4 (R4« R3). The amplitude can then be varied 
by applying a common mode voltage (VIN) through 
R3. Positive common mode voltages increase amp­
litude by decreasing gain non-linearity while neg-

20 

V 
I 

V 
2 3 
VIN (volts) 

v 

Figure 4. Oscillation Amplitude Vs. VIN 

The signal to noise ratio is maximized when the rms 
sum of op amp and resistor noise current sources is 
equal to or lower than the noise current of the photo 
diode. Noise voltage sources are converted to noise 
current sources by dividing by R 1. The noise current 
of the photo diode may be approximated by the shot 
noise formula 2qld, where Id is the dark current, and 
is in the range of 10-13 to 10-14 A/JFfi., depending 
upon the choice of photo diodes. The rms sum of the 
three sources is approximately 4 x 10-14 AI JHZ 
at 1kHz, assuming R1 : 20Mf!. This rms summation 
is approximately the same magnitude as the noise 
current of the photo diode with the dominant noise 
source being the resistor noise (about 2.9 x 10-14 
AI y'HZ). If a bipolar op amp were used instead of 
the HA-5170, the noise current (typ. 4 x 10-13 
A/.[Hi.) would be much higher than the noise current 
of the photo diode. The response time of the photo 
diode can be improved by applying 5 to 20 volts of 
reverse bias but the increased speed is achieved at 
the expense of higher shot noise. 

A resistor equal to the feedback resistor could be 
inserted between the non-inverting input and ground 
to reduce offset voltage. This is usually not necessary 
since the output offset voltage would only be 600j1V 
for a 20Mf! resistor. 
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Fig. 6 shows a hydrophone preamplifier with a 100Hz 
to 100kHz bandwith and a gain of 100. Since hydro­
phone impedance is capacitive, it should be bypassed 
with a large bleeder resistor to shunt the bias currents 
to ground. 

r- -, 100M!l 
2000JlF Hydrophone I T 1 
CI,v,t,CH-17M(RI L_.b-_..J 

100pF 

162ksl 

>---+---oVOUT 

Figure 6. Hydrophone Preamplifier 

Current Source/Sink and Current 
Sense Circuits 

The HA-5170 can be used as a well regulated, two 
terminal, constant current source or sink, as shown in 
Fig. 7, or as a current sense amplifier, as shown in 
Fig. 8. These circuits take advantage of FET inputs' 
capability to accept a common mode voltage up to 
0.1 V above the positive supply. 

The current from the constant current source consists 
of amplifier supply current and load current through 
R2, both of which pass through the sense resistor R 1. 
The amplifier output will sink just enough current to 
cause the I R drop across R 1 to equal the ampl ifier 
offset voltage. This offset voltage may be adjusted 
by the trim pot R3 and typically has a minimum 
adjustment range of 6mV. Smaller offset voltages 
give better power supply rejection ratios and usually 
give better results. The amplifier supply current, 
typo 1.8mA, sets the minimum constant current 
while the amplifier short circuit protection limits 
the maximum to 15mA. Current regulation better 
than 0.08%/V and temperature variations better 
than 0.08%/OC can be achieved with this design. 
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Two operating constraints should be observed for 
best results. The resistor R 1 should be selected 
so that the amplifier output voltage remains at 
least 1.3V from either supply pin and the total 
voltage across pins 4 and 7 should be at least 12V 
but not over 40V. 

The HA-5170 may also be used as a simple current 
sense amplifier in power supply applications. In 
this circuit, the power supply current develops a 
small voltage drop across the sense resisitor (RS in 
Fig. 8) and the ammeter will display a current which 
is equal to Is x Rs . Of course the HA-5170 could 

R1 
also be placed in an open loop (comparator) con­
figuration in which case the output would "trip" 
when the I R drop across Rs exceeds the offset 
voltage. This "trip" point can be controlled by an 
offset adiust trim pot connected as shown. The low 
noise, low offset Voltage, and low bias current char­
acteristics of the HA-5170 provide accurate measure­
ment of supply current with very few components 
and can operate over a supply range of 7 to 40V. 

'SINK 

ISOURCE 

Figure 7. Two Terminal Constant Current Source/Sink 

RS 

r---~~~~----~------ovs 

! L. __ _ 

Figure 8. Current Sense Amplifier 

o 
"lit 
U) 

W 
~ o 
z 
0: 
a. 
<C 



FOR YOUR INFORMATION 

No. 541 Harris Analog 

USING HA-2539 OR HA-2540 VERY HIGH SLEW RATE, 
WIDEBAND OPERATIONAL AMPLIFIERS 

By: Richard Whitehead 

Introduction 

With the superior dynamic performance available from 
the HA-2539 and HA-2540, a wide variety of applications 
can be "idealized". From high fidelity audio to television 
broadcast and receiving equipment these operational 
amplifiers can be used to provide increased system 
capabilities. Employing the Harris High Frequency 
Dielectric Isolation Process, the HA-2539 with true 
differential input devices offer 600V/J./s slew rate coupled 
with 600MHz gain bandwidth product. These outstanding 
AC parameters in conjunction with an excellent time 
delay of 4ns (see photo), standardize HA-2539 in critical 
wideband video and RF applications. 

The HA-2540 is very similiar in design with the HA-2539, 
except for the addition of some small internal 
compensation (approximately 7pF). It offers a 400V/J./s 
slew rate and a 400MHz gain-bandwidth product. The 
pinout of the HA-2540 uses the familiar 141ead DIP pinout 
of other Harris wideband amplifiers. 

HA-2539 TRANSIENT RESPONSE WAVEFORMS 

Pro to typing With HA-2539 or HA-2540 

Being a "true" operational amplifier, HA-2539 or HA-2540 
may be "designed in" using conventional high frequency 
amplifier techniques. Quality I.C. sockets may be used, 
but for maximized dynamic performance it is suggested 
these devices be mounted through a ground plane. Exter-

nal components should have minimal lead lengths and 
perferably connected directly to the device pins. Metal 
film or metal oxide resistors are recommended for feed­
back components. If direct connection is not possible, 
Teflon insulated standoffs should be used with locations 
as close as possible to device pins. Power supply decou­
piing with .001J./F ceramic capacitors from the device 
supply pins to ground is essential. Alternatively, filter 
connectors such as Erie 1201-052 are suggested foropti­
mum decoupling. 

For best high frequency performance, feedback resistor 
values should be restricted to minimal values. Values be­
low 5KO are recommended to reduce possibilities of in­
troducing unwanted poles into the applications transfer 
function. Figure 1 indicates how high values for closed 
loop gain can be implemented, while maintaining feed­
back element values. This method is called "T network" 
feedback and values for the resistors can be derived from 
the following expression. 

R2 

Rf - 2R 

Where: 

Rf is the value of feedback resistance to be reduced and R 
is a value preselected by the designer. 

R 

WHERE R IS PRESELECTED AND RF 

IS DESIRED FEEDBACK RESISTOR VALUE 

FIGURE 1. KEEPING FEEDBACK VALUES LOW 
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Application Note 541 

The HA-2539 and HA-2540 may be used without heat 
sinks up to +750 C ambient. Power derating above this 
temperature is 9.6mW/oC and heat sinking is recom­
mended. Thermalloy model 6007, Unitrack CPU 1017, or 
AAVID 56028 heat sinks are suggested for temperatures 
up to+1250 C ambient. Also refer to Application Note 556 
for further Safe-Operating-Area information. 

General Operating Considerations 

Dynamic performance of the HA-2539 and HA-2540 were 
maximized through the exclusion of output short circuit 
protection and internal offset voltage adjustment circui­
try. 

Although these amplifiers can withstand momentary 
short circuits to ground, it is recommended that some 
output current limiting network be used, if the operating 
environment is hostile. Figure 2 shows a suggested 
method for output terminal protection. 

Offset voltage adjustment may be accomplished by the 
suggested methods shown in Figure 3 (a) and (b). 

As with many wideband, high speed devices, recovery 
from output saturation can be in the order of microse­
conds. HA-2539 and HA-2540's saturation recovery from 

3a. 

3b. 

10n 

FIGURE 2. OUTPUT PROTECTION FROM FAULT 
CONDITIONS FOR HA·2539 & HA·254D 

v+ 
R, 

R5 
~50Kn R. R3 

200Kn ~10on 
-: 

I.) v- R, 
AV=l+ --

R2+ R3 

R, 

FIGURE 3. OFFSET NULLING FOR HA·2539 AND HA·254D 

Range of Adjustment for Both Non-Inverting (Top) and Inverting 
Amplifiers (Bottom) Determined by Product of VSUPPLY and R3/R4 
Ratio. 

its positive rail is of the classical variety where voltage 
charges on the "body" capacitance of output devices 
must discharge before normal operation can be resumed. 
Recovery from the negative rail is similar to the positive 
rail recovery except during saturation small signal 
oscillation may occur. This oscillation is due mainly to a 
regenerative signal coupled back to the input during 
saturation. 

General Applications 

FREQUENCY COMPENSATION 

HA-2539 and HA-2540 are stable in standard operational 
amplifier circuits with closed loop gains exceeding +10 or 
-9. Keeping the network resistor values and source 
resistance as low as practical in these configurations 
should optimize the dynamic performance. 

Circuit configurations shown in Figure 4 may be used to 
stabilize the HA-2539 or HA-2540 at closed loop gains less 
than specified. Figure 4(a) employs capacitance to over 
damp the amplifiers' response. Stable operation to gains 
of 5 are practical. Figure 4(b) utilizes the amplifier's 
differential input impedance to reduce input and 
feedback signals thereby raising noise gain to a stable 
point on the response curve. Gains of -3 are practical. 

R, 

R, 

R, 
SET AV=1+R2 =5 

FIGURE 4a. COMPENSATION BY OVERDAMPING 

R, 
R, 

SET: Av--!!'z .. -a R, 

FIGURE 4b. STABILIZATION USING ZIN 

Reducing DC Errors 

A composite amplifier scheme may be used to reduce 
errors due to offset voltage and bias current. Figure 5 
shows HA-2539 and HA-5170 in a composite con­
figuration which greatly reduces DC errors without 
compromising the high speed, wide band characteristics 
of HA-2539. The HA-2540 could also be used, but with 
slightly lower speeds and bandwidth response. 

The HA-2539 amplifies signals above 40KHz which are fed 
forward via C2 and R2. Resistors R4 and R5 set the voltage 
gain at -10. The slew rate of this circuit was measured at 
350V Ills. Settling time to a 0.1% level for a 10V output step 
is under 150ns and the gain bandwidth product is 
300MHz. 
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RS1KH 

INPUT 

J- ", 

OUTPUT 

FIGURE 5. COMPOSITE AMPLIFIER 

The HA-5170 amplifies signals below 40KHz, as set by C1 
and R1, and controls the DC input characteristics such as 
offset voltage, drift, and bias currents of the composite 
amplifier. Therefore, it has an offset voltage of 100jlV, drift 
of 2jlV/OC and bias currents in the 20pA range. The offset 
voltage may be externally nulled by connecting a 20K pot 
to pins 1 and 5 with the wiper tied to the negative supply. 
The DC gains of the HA-5170 and HA-2539 are cascaded, 
which means that the DC gain of the composite amplifier 
is well over 160dB. 

The excellent AC and DC performance of this composite 
amplifier is complemented by its low noise performance, 
0.5jlVrms from 0.1 Hz to 100Hz, and makes it very useful in 
high speed data acquisition systems. 

Boosting Output Power and 
Increasing Output Signal Swing 
Figure 6 shows a cost effective method for increasing 
output voltage swing or boosting power of the HA-2539 or 
HA-2540 while adapting the device to supply rails which 
exceed the absolute maximum ratings. The supply rail 
values are limited only by the breakdown voltages of the 
transistors used, provided R1 through R4, are set to limit 
the voltage at the device supply pins to nominal supply 
voltages (±15V). Transistor selection should be limited to 
high fT (greater than 60MHz) types such as MPS-A06 and 
MPS-A56. Physical layout properties may necessitate the 
use of phase lead compensation, in which case CF may be 
added. It has unmeasurable distortion and very low noise 
within the audio band. 

SIGNAL IN 

'NOTES: 

,-----~---O+V(30VI· ", 
4K 

iSIGNALOUT 

R3 -= 
4K 

'---_+_---o_v 

1. Used for experimental purposes. C1 = 3pF. 
2. C1 is optional (.001I'F - .01I'F ceramic). 
3. R5 is optional as can be utilized to reduce input signal amplitude 

and/or balan.ce input conditions R5 = 500n to 1Kn. 

FIGURE 6. BOOTSTRAPPING FOR MORE OUTPUT 
POWER AND VOLTAGE SWING 

Applications 
INTRODUCTION 

HA-2539 and HA-2540 may be utilized in a wide variety of 
applications ranging from active filters to video pulse 
amplification. However, the applications to follow were 
selected to show where this can be used most 
advantageously. 

APPLICATION 1: CASCADED AMPLIFIER 

Cascaded amplifier sections are used to extend band­
width and increase gain. Using two HA-2539 devices, this 
circuit is capable of 60dB gain at 20MHz. 

A, 

SET: AV~30.8 

8m 

APPLICATION 1. CASCADED AMPLIFIER SECTION 

APPLICATION 2: VIDEO GAIN BLOCK 

Video drivers and gain blocks used in color video systems 
are most always required to have outstanding differential 
phase and differential gain specifications. These require­
ments historically have eliminated the use of operational 
amplifiers and favor large discrete amplifiers which can 
be tailored to minimize systems errors. 

This configuration utilizes the wide bandwidth and speed 
of HA-2540 plus the output capability of HA-5033. 
Stabilization circuitry is avoided by operating HA-2540 at 
a closed loop gain of 10while maintaining an overall block 
gain of unity. However, gain of the block may be varied 
using the equation: 

VOUT R2 
=5 

where R1 + R2 = 750 

A maximum block gain of 3 is recommended to prevent signal distortion. 

VIDEO 
SIGNAL 
INPUT R, 

60!l 

900!! 

APPLICATION 2. VIDEO GAIN BLOCK HA-2539 & HA-2540 

The circuit in Application 2 was tested for differential 
phase and differential gain using a Tektronix 520A vector 
scope and a Tektronix 146 video signal generator. Both 
differential phase and differential gain were too small to 
be measured. 
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APPLICATION 3: HIGH FREQUENCY OSCILLATOR 

Intended primarily as a building block for a QRP transmit­
ter, this 20MHz oscillator delivered a "clean" 6Vp_p signal 
into a 100n load. 

4.2K 

AV=-~ 
R3 , 

f~ 27TR,C, 

APPLICATION 3. 20M Hz OSCILLATOR 

Acknowledgments 
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developed and tested bootstrapped output scheme. 
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and tested composite amplifier circuit. 

APPLICATION 4: WIDEBAND SIGNAL SPLITTER 

With one HA-2539 or HA-2540 and two low capacitance 
switching diodes, signals exceeding 10MHz can be 
separated. This circuit is most useful for full wave 
rectification, AM detectors or sync generation. 

-v 

2K 

APPLICATION 4. WIDEBAND SIGNAL SPLITTER 
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FOR YOUR INFORMATION 

Harris Analog 
NEW HIGH SPEED SWITCH OFFERS 

SUB-SOns SWITCHING TIMES 
By Carl Wolfe 

Introduction 

An ideal CMOS analog switch would exhibit such 
characteristics as zero resistance when turned on, 
infinite resistance when turned off, zero power 
consumption, and zero switching time. Unfortun­
ately, such a device is usually found as an example 
in a college textbook. The real world offers trade­
offs and imperfections which prevent the realization 
of the ideal. The integrated circuit designer works 
within these limits and attempts to optimize device 
performance by utilizing new technologies and im­
proving circuit design. The development of a new 
high speed analog switch required the use of both 
of these techniques to achieve its performance. 
(See Appendix I: "Inside the HI-201 HS"). 

Th1l HARRIS HI-201HS is the industry's first sub-
50ns monolithic analog switch and along with fast 
switching speed, offers improved performance and 
pin compatibility with industry standard 201 's (Fig. 
1). This article will discuss the technology, per­
formance, and applications for this product. 

Improve Those Existing Designs 

The application circuits which follow are examples 
of typical applications and illustrate how the H 1-
201 HS can improve existing applications where 
standard 201 's are presently being used. 

The first example is a high speed multiplexer shown 
in Fig. 2. The analog multiplexer is a circuit which 
switches a number ot analog inputs to a single output 
and is used heavily in data conversion and avionic 
applications. This function can be easily achieved 
with the H 1-201 HS by tieing the outputs together 
and selecting the appropriate analog input. The HI-
201 HS is an excellent choice for this application since 
its low on resistance and leakage current will reduce 
system error, and its high speed is unmatched by any 
other monolithic analog switch. Since the output 
capacitance is additive, the RC time constant of the 
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load will increase when the outputs are made com­
mon. 

The next application is a high speed sample and hold 
which takes advantage of the improved performance 
of the H 1-201 HS and the precision F .E.T. input of 
the HA-5160 high slew rate amplifier. A sample 
and hold circuit or track and hold as it is sometimes 
called, has two operating modes. In one mode the 
switch is closed and the capacitor charges to the input 
voltage. The second mode occurs when the switch 
is opened and the capacitor holds this charge for a 
specified period of time. 

The speed of a sample and hold circuit is directly 
related to the switching device used and the output 
amplifier. This characteristic of a sample and hold 
circuit is called the acquisition time. It is defined 
as the time required following a "sample" command, 

for the output to reach its final value. The acquisi­
tion time includes the switch delay time, the time 
constant of the switch on resistance and hold ca­
pacitor (T = RON CHOLD), and the slew and set­
tling times of the output amplifier. 

The photographs shown in Fig. 3 illustrate the im­
provement in the acquisition time possible by using 
the HI-201 HS. The first photograph represents 
the sample/hold circuit using a standard 201 switch 
and an HA-5100 operational amplifier. The first 
waveform is the "Sample" voltage (VA). The second 
waveform is the voltage on the hold capacitor (V 1). 
And the third waveform is the output of the amplifier 
(V2). 

The second photograph is the same circuit with a 
HI-201HS and on HA-5160 op amp. Comparison of 
the photographs shows the HI-201 HS has significant­
ly reduced the switch delay time and the high slew 
rate of the 5160 amplifier has also contributed to 
the reduced acquisition time. 

A source of error in this circuit is a d. c. offset which 
is called sample to hold offset error. This error is 



primarily due to the charge injection (Q) of the 
switch and is related to the hold capacitance by the 
following expression, 

offset error (Vo) = charge transfer (Qj. 
CH---

The reduced charge injection of the H 1-201 HS 
(typically 10 pc) will result in immediate reduction of 
this error. 

Using analog switches with operational amplifiers 
is common in circuit design. An example is shown 
in Figure 4 which is an integrator with start/reset 
capabil ity. 

TOPVIEW 

A, , ,. A, 

OUT 1 2 15 OUT 2 

IN 1 3 " IN 2 

V· • '3 V' 

GND 5 12 NC 

IN' • 11 IN 3 

OUT 4 7 10 QUT3 

A. S 9 A3 

lOGIC SWITCH 

0- VALS..8V ON 

1 - V AH 2:2.4V OFF 

TYPICAL SPECIFICATIONS (±15V Supply) 

Analog Signal Range ±15V 

On Resistance 3012 

Off Leakage .3nA 

Switch On Time 30n, 

Power Dissipation 120mW 

Figure 1. Typical Pinout and Specifications - The HI-
201HS is pin compatible with standard 201's and offers 
improved performance. Specifications given are typical 
values at T A = 25OC. 
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(b) 

Figure 2. High Speed Analog Multiplexer: (a) circuit 
response using the standard 201 (T access = 400ns) (b) 
circuit response using HI-201HS haccess - 50ns). The 
access time is defined as total time required to activate 
an "off" switch to the "on" state. Access time is normally 
measured from the initiation of the digital input pulse 
(V A) to the 90% point of the output transition. 
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Figure 3A. High Speed SaAIpI. and Hold: The basic 
sample and hold samples the input voltage when the switch 
is closed and the capacitor holds the voltage when the switch 
is open. The speed of the switching element affects the 
speed of the sample and hold. 

VA 

V1-

V2 

Figure 3B. Circuit response to a "Sample" command 
using a standard 201 and an HA-5100 operational amplifier 
(Acquisition time = 1.5/-.lS1 

VA 

V1 

V2 

Figure 3C. Circuit response using an HI-201HS and 
HA-5160: HI-201HS significantly reduces switch delay 
time. (Acquisition time = 500nol 

+v 

13 

HI-201HS 

V,N 0--+-'''1---.0 
>'--...... -oVOUT 

-v 
-v 

Figure 4A. I ntegrator with Start/Reset: A low logic input 
pulse disconnects the integrator from the analog input 
and discharges the capacitor. When the logic input changes 
to a high state. integrator is activated. 

VA 

VO 

Figure 48. Low Level Integration- Circuit response 
using standard 201 switch. 
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Figure 4C. Low level integration-Circuit response 
illustrates improved charge injection of the HI-201HS. 



The switch is used to apply the input signal and to 
reset the integrator. Applying a low logic level re­
moves the input signal and the capacitor is discharged. 
When a logic level high is present, the input signal is 
integrated with a rate of change equal to 

dVO/dt =.i!, = ~ 
Cf R1Cf 

The reduced on resistance, leakage current, and 
charge injection of the H 1-201 HS will improve the 
performance of this circuit and an example of this 
improved peformance can be seen in the photographs 
in Figure 4. These photographs illustrate the reduced 
charge injection which the 201 HS offers. The com­
ponent values are Rl = lMn ,C = 150pF and VIN 
= -lV. With these values, the amplifier will integrate 
the input signal with a slope of 6.6mv/ j.t s. For a 
50/.1 s time period, the amplifier will integrate to a 
magnitude of ~ 300mV. The photographs of the 
test results indicate this to be true, but it should be 
apparent that the two photographs are quite dif­
ferent. The first photograph represents the amplifier 
output using a standard 201 as the reset switch. 
The second photograph is the same circuit with a 
201HS. 

The offset error in the first photograph is due to the 
charge injection of the switch. Using the expression 
a = v x C and knowing the standard 201 has a typical 
charge transfer of 30pc, this offset can be calculated. 
V = O/C = 30pc/150pf=200mV. 

Other examples of combining switches and amplifiers 
are shown in figures 5 and 6. In both these applica­
tions the switch is used to tailor the amplifiers 
performance. Figure 5 is a low pass filter with a 
selectable break frequency. 

+V 

13 

HI-201H5 
C, 

1 

LP, __ -l ,. 15 C2 

LP2 
,. __ J 
11 10 C3 

LP3 
I __ ...1 

LP. 
__ J 

lOOK 

10K 
V'N 

VOUT 

-v 

Figure 5. Low Pass Filter with Selectable Break Fre­
quency- Switch selection places various values of capacit­
ance in parallel with the feedback resistor. The value of the 
capacitor determines the break frequency. The break fre­
quency is that frequency at which the signal begins atten­
uation. 
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GA1N4 o----=--t-t;>----J 

Figure 6. Amplifier with Programmable Gain- Switch 
selection activates a new voltage gain which is determined 
by the resistive feedback. 

Depending on which switch is selected, a particular 
cutoff frequency is introduced by the expression, 

FC= 
27TR Cx 

A programmable gain amplifier is shown in Figure 6. 
Similar in function to the filter application, the gain 
of the amplifier is determined by selection of a switch. 

When using switches with other components it is 
important that a switch be selected which introduces 
a minimal amount of error to the circuit. Operational 
amplifier gain error due to high on resistance or 
offset voltages due to excessive leakage current and 
charge injection are examples of potential error 
created by the switch. The previous applications have 
demonstrated that the 201 HS offers improved 
performance by minimizing circuit error and increas­
ing system speed. 

On The Drawing Board 

Since the introduction of the H 1-201 HS switch, 
many engineers have expressed an interest in using 
this new product. Although much of their work is in 
a preliminary stage and they do not want to divulge 
exact details on their designs, the following informa­
tion is intended to give you an idea of how other 
engineers are considering using the H 1-201 HS. 

The majority of the engineers are interested in taking 
advantage of the products fast switching speed. One 
particular engineering group is investigating replace­
ment of DMOS (double-diffused MOS) transistors 
with the H 1-201 HS. 

The DMOS transistor is capable of extremely fast 
switching speeds (1 ns) and until now, switches 



fabricated using CMOS technology have not been 
fast enough to be considered. But the H 1-201 HS 
is attractive since it offers unprecedented switching 
speed along with the established benefits of CMOS 
technology. Such benefits include a wider analog 
signal range capability and lower operating power 
requirements. 

A common application for analog switches is time 
division multiplexing, where many signals are pro­
cessed on a single channel. High speed switching 
allows higher information capacity on the channel, 
since the switching speeds of an analog switch are 
directly related to the maximum switch activation 
frequency. The faster a switch can turn on and 
off, the higher the possible switching frequency. 
An example of this relationship is shown in Figure 
7. If a switch is activated at a frequency of 1 MHz, 
it must turn on and off within a 500ns time period. 
Since the H 1-201 HS has a maximum on and off times 

of SOns, and can turn on and off within a lOOns 
time period, it theoretically possible that it can 
be activated at a 5MHz frequency rate. This im­
proved capability is making the HI-201 HS an 
attractive component to design engineers requiring 
high frequency data processing. Conversations with 
engineers indicates that possible applications are 
computer graphics and visual display circuit designs. 

OVOUT 

LOGICINPUT~ 
'=1MH, I--r-l 

,- = l/f 
T = 1/106 
T = 10.6 oec = 1 po 

2.= 500no 
2 

Figure 7. High Frequency Switching - HI-201HS fast 
switching times allow it to transfer data at a higher rate 
of frequency. 

Another area where the H 1-201 HS is generating in­
terest is in the area of medical electronics. This is 
a growing field and improvements are continously 
being made as products become available much of the 
medical equipment being designed requires both high 
speed and accu racy. 

Medical test equipment is primarily used to transmit 
or receive information from the patient. An example 
where both these functions are used is in the area 
of ultrasound. Ultrasound testing requires that a 
signal be transmitted to the patient and the return 
signal is then amplified and displayed or recorded. 
The 201 HS is being considered for the use in such 
an application and would be used to control the 
transmission and reception of these signals. 
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Figure 8. Video Switching with Improved loolation­
I mproved high frequency off state performance is obtained 
by using aT -Switch configuration. When two series switches 
are off, the third switch is shorted to ground. 

The designers are not only interested in fast switching 
speed, but also in low on resistance. This is an im­
portant aspect of the switch since many of the elec­
trical signals in medical electronics are of a small 
magnitude. An example is patient monitoring equip-: 
ment wh ich converts physiological parameters into 
electrical signals. If these low level electrical signals 
require switching before amplification, a low on 
resistance switch is essential to minimize the voltage 
drop across the switch itself. The low on resistance 
of the H 1-201 HS enables it to be used in applications 
using signals of smaller magnitude. 

Video circuit design involves the control of high fre­
quency signals. Applications which require the 
switching of these high frequency signals are usually 
limited by the off isolation and crosstalk performance 
of the switch. Off isolation is defined as the amount 
of feedthrough of an applied signal through an off 
switch. Crosstalk is the amount of cross coupling of 
an "off" channel to the output of an "on" channel. 
Both of these switch characteristics will degrade as 
the frequency of the input signal increases. 

The H 1-201 HS has some improvement over the 
standard 201 in these areas but the configuration 
shown in Figure 8 is being used by designers to im­
prove the isolation capabilities of CMOS analog 
switches. This configuration is known as "T" switch­
ing since the three switches used for passing the signal 
could be thought of in the shape of the letter T. The 
simplified figure shows that when switches # 1 and 
# 2 are off, switch # 3 is tied to ground. When 
switches # 1 and # 2 are on, # 3 is off. This im­
proves isolation by having two channels in series off 
and any feedthrough is fed to ground. 
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Conclusion 

The HAR R IS H 1-201 HS is the fastest monolithic 
CMOS analog switch available. It offers improved 
performance for existing designs and should be con­
sidered for use in any application where switching 
speed is an important criteria. 
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Appendix I-INSIDE THE HI-201 HS 

The HI-201 is a TTL compatible quad CMOS analog 
switch which features switching times under 50ns 
and a typical "on" resistance of 35 n . The fast 
switching times are achieved through a combination 
of process and circuit design techniques. The HI-
201 HS is fabricated using a dielectric isolation 
process with comple'mentary PNP and NPN bipolar 
transistors and polysil icon-gate CMOS. The use of 
bi-technology process enabled a unique circuit called 
a D. C. Static Level Shifter to be designed. 

The typical CMOS analog switch consists of a switch 
cell which is driven by a level shifter. The level 
shifter converts a single logic input into two com­
plementary outputs which drive the gates of the 
CMOS switch cell (Fig. A). The switch cell represents 
a capacitive load to the level shifter, so fast switching 
times require large drive currents to charge these 
capacitances quickly. The D. C. Static level shifter 
circuit (Fig. B) provides large drive currents only 
when switching and dissipates little power in a 
quiescent condition. 

The D. C. static level shifter achieves high switching 
speeds through the use of a unique bipolar input stage 
and a network of switching and holding MOS tran­
sistors. Devices MN5, MP5, MN9 MP9 are the switch­
ing transistors and MN6, MP6, MN10, MP10 are the 
holding transistors. The major advantage of the 
bipolar input transistors is that its transconductance 
(gm) is much higher than that possible with F. E. T. 
transistors. 

To understand the level shifter operation, consider 
a change of logic input from low state to high. 
Initially VA is low, 0 = 01 = 0' = -15V and Q = 

01 = CY = 15V. VB is at ground and ON2, OP2 are 
off. When VA goes high, ON2, OP2 turn on, which 
slew the gates of switching devices MN5, MP5 with 
a current I = (V A -2VBE)/R. The switching devices 
overcome the holding devices, MN10, MP10 and 
switch the internal nodes 01, and 01. CMOS buffers 
'1" 113 provide large drive currents to the switch 
cell, while inverters 112, 114 provide delayed feed­
back signals. The feedback signals turn off holding 
devices MN10, MP10 while turning on holding devices 
MN6, MP6. The feedback also turns on ON2, QP2 
by means of MN1, MP1. These feedback signals 
have returned the level shifter to a static condition 
by turning the bipolar input stage and MOS switch­
ing transistors off. 

TIC 
LOGIC 

Figure A. Simplified I. C. Analog Switch Operation­
Level Shifter converts logic input into drive signal for CMOS 
switch cell. 

Figure B. Simplified O. C. Static Level Shifter - The 
level shifter consists of a unique bipolar input stage and a 
network of switching and holding devices. 
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Similar operation occurs when V A goes from high to 
low, bipolar transistors ON1, OP1 turn on MN9, 
MP9. The feedback resets the holding devices and 
turns off the bipolar input stage. 

Appendix II-HI-201 HS VS. STANDARD 201 

The use of a dual technology process and a creative 
design improves the performance of this analog 
switch. The following table illustrates the results of 
this combination by comparing the specification of 
the H 1-201 HS with the standard 201. . 

It should be apparent from Table 1 the substantial 
improvement in switching speeds offered by the 
HI-201 HS. But since the switch "off" time of the 
high speed switch is measured differently from the 
standard 201, a brief discussion of test methods 
will avoid any confusion. 

Figure A is a typical switching time test circuit for 
an analog switch. The "on" time is measured from 
the logic input to the 90% point of the output. 

The "off" time can be measured from the logic input 
to either the 90% or 10% point of the output. This 
variation in the "off" time test point is due to the 
dependence of the measurement on the load. The 
dominant component of the switch "off" time is an 
exponential RC time constant determined by the 
values of the load resistance and capacitance. The 
"off" time of the H 1-201 HS is measured to the 90% 
point. The RC time constant due to load is excluded 
from this measurement. The photograph included 
in Figure A is a typical H 1-201 HS switching time 
response. 

The remainder of table one compares other critical 
specifications of CMOS analog switches. The HI-
201 HS is not only a high speed switch but also offers 
improved performance in other areas. The para­
meters of "on" resistance, leakage current, and charge 
injection can all contribute unwanted errors to 
system level applications. With the improvements 
shown in these areas, the H 1-201 HS offers potential 
improyement in system accuracy for a wide variety 
of applications. and since the H 1-201 HS is pin com­
patible with existing 201'5, the high speed version 
can be plugged into existing designs for immediate 
improvement in performance. 

The H 1-201 HS is an improvement over the standard 
201 in many areas, but some trade-offs still exist. 
One such trade-off was the power dissipation of the 
product. In order to meet the high speed criteria, 
larger internal currents are needed which in turn 
demand increased supply current. But this apparent 
shortcom ing is more than offset by the products 
performance. 
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HARRIS HARRIS 
Parameter Temperature HI-201HS HI-201 

Switching Speed 

tON 250 50ns 500ns 

tOFF 250 50ns 500ns 

ON Resistance 1250 75n 125rl 

Leakage CUrrent 

ISOFF 1250 IDonA 500nA 

IDOFF 1250 100nA 500nA 

Charge Injection 
Q 250 10pc (typ) 30pc (typ) 

Power Dissipation 
Pd 1250 240mw 60mw 

Table 1. Specification Comparison: Improved performance 

of HI-201HS over standard 201's (all values are maximums 

unless stated otherwise). 

SWITCHING TEST CIRCUIT (tON. tOFF) 

v+ = +1SV 

IN OUT 
+10V o-----t--<l...--I 

1K 

GND V_a_15V 

(a) 

DIGITAL VAH 
INPUT 

'ON 

SWITCH 
OUTPUT ------,/ 

(b) 

VA 

va 

(c) 

Figure A. Switching Time Test Circuit: (a) Switching 
test circuit, (b) Switching waveforms, (c) Typical HI-201HS 
raspon ... 
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MICROPOWER OP AMP FAMILY HA-S141/42/44 AND HA-S1S1/S2/S4 

Russell Leath and Richard Whitehead 

Introduction 
Offering the best speed power product of any low power 
operational amplifier available, the HA-514X/515X can be 
effectively utilized in a wide variety of portable system 
applications. The features available from this family of 
devices can be easily incorporated into dictation equip­
ment, medical monitoring systems, remote electronic 
sensors and other system designs. 

Low or Micropower? 
Actually, the HA-5141/42/44 operational amplifiers are 
micropower devices. That is, they consume microwatts of 
power (250/iW typ.) as opposed to low power devices 
which consume 1 to 10mW. This exceptionally low power 
consumption however does not compromise the speed 
and flexibility of this family of amplifiers. Table 1 lists the 
speed/power relationships of some amplifiers in this 
class. The industry standard 741 was listed to show that 
HA-51.41 has more speed for a fraction of the power 
consumed. A brief discussion concerning how the 
HA-514X/515X achieves this unique relationship can be 
found in the inset below. 

For highest speed for power consumed, HA-5141 is a 
factor of 10 better than the nearest device, and the 
HA-5151 is six times better than the HA-5141. 

Making the Most of Micro Amps 
To achieve high slew rate while requiring only microamps 
to operate, the HA-514X/515X designs utilizes a current 
amplifying front end. As can be seen in the simplified 
schematic under zero signal conditions, current source 11 
flows through D1 and P1 while 12flowsthrough D2 and P2. 
This flow sets up a DC bias current of 11 and 12through N1 
and N2. This bias current is slightly higher with the 
HA-515X family and therefore allow a faster response 
time. 

Under small signal conditions, the cross coupling of N1 to 
P2 and N2 to P1 establishes small signal currents i1 and i2 
through collectors of N1 to P2 and N2 and P1 respectively. 
This differential current (i1-i2) is similar to a standard 
differential pair and is given by; 

i1 - i2 = gm where gm = f (hib) 

However, under large signal inputs and unlike the 
standard differential pair, the maximum differential 
current is not limited by the DC biasing current sources. 
The maximum slewing current is limited only by the f3 of 
N1 and is orders of magnitude larger than the DC biasing 
current. 

Part Power Slew Full Power Gain 
Number Dissipation Rate Bandwidth Bandwidth 

HA-5141 250jlN 1.5V/}JS 60KHz 400KHz 

RC4132 250jlN O.13V/ps 5.5KHz 150KHz 

OP-20 275jlN O.02V/ps O.9KHz 100KHz 

HA-5151 1000pW 4.5V/ps 95KHz 1300KHz 

LM10C 2000pW O.11V/}JS 5.5KHz 80KHz 

LM741 8000jlN O.7V/ps 20KHz 1500KHz 

TABLE 1. SPEED/POWER RELATIONSHIPS 

Dual or Single Supply 

Enhancing the micropower consumption and speed 
capabilities of the HA-514X/515X is its ability to operate 
over a wide range of supplies. It can be operated in double 
supply mode from ±15V down to ±1.5Vor in single mode 
from +30V down to +3V. The quiescent supply current 
remains nearly constant over the entire supply range 
making it most suitable for operation in battery powered 
systems. The HA-514X family requires only 60t/A/amp, 
and the HA-515X family requires only 200/iA/amp for 
typical quiescent operation. 

For a standard differential pair under large signal 
conditions the differential current is given by; 

i1 - i2 = 11 tanh V and i1 - i2max = 211 

But for the HA-514X/515X the large signal differential 
current is; i1 - i2 = 11 (ev/vt _e-v/vt) 
and i1-i2 increases exponentially until limited by f3N1. The 
HA-514X/515X design utilizes two gain stages which 
allows for high DC gain at lower collector impedance 
levels. These lower impedance levels permit unstacked 
device design which allows for lower operating voltage 
levels. 

V(-IH 
+lNo----___ ~ 

HA-514X/515X CURRENT AMPLIFYING FRONT END 
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Noise Parameters Also Attractive 

With rugged bipolar construction combined with the 
dielectric isolation technology, the HA-514X/515X design 
maintains noise characteristics comparable to amplifiers 
requiring much higher supply currents. The noise curves 
compare the HA-514X/515X with other amplifiers in its 
class. It is readily observed that the HA-5141 has lower 
noise components even with higher source impedances. 
With typical noise values of 23nV/.jHz and O.03pA/jHz 
at 1 KHz this device family is very "user friendly" to the 
portable system designer. As shown, the HA-5151 has 
even lower noise. 
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OTHER AMPLIFIERS 

Other Useful Qualities 

lOOK 

When operated in single supply mode this family of ampli­
fiers is capable of output voltage swings from OV to V(+)-1 
Volt while sourcing 3mA output current. Their common 

range under single supply conditions is OV to V(+) -1V. 
These qualities coupled with 60KHz full power bandwidth 
and O.4MHz small signal bandwidth further widens 
the application range of the HA-5141/42/44. The 
HA-5151/52/54 is even more versatile with 1.3MHz small 
signal bandwidth and 95KHz full power bandwidth. 

Applications 

The flexibility and inherent qualities of the HA-514X/515X 
are most suitable for battery operated and/or low voltage 
systems such as remote electronic sensors or solar 
operated designs. The following applications are just a 
few of the many possibilities which can best utilize this 
amplifier's capabilities . 

APPLICATION 1-REMOTE SENSOR 

LOOP TRANSMITTER 

This circuit shows amplifier A1 as a sensor amplifier in 
abridge configuration. Amplifiers A2 and A3 are confi­
gured as a voltage to frequency converter and A4 is used 
as the transmitter. This entire sensor/transmitter can be 
powered directly from a 4 to 20mA current loop. 

The bridge configuration produces a linear output with 
respect to the changes in resistance of the sensor. The 
voltage at the output of A1 causes the integrator output A2 
to ramp down until it crosses the comparator threshold 
voltage of A3. A3 turns on 01 and 02. 01 causes the out­
put of A2 to ramp up at a rate nearly equal to its negative 
slope while 02 provides hysteresis for the comparator. In 
addition, 01 and 02 help eliminate changes in power 
supply (loop) voltage. Amplifier A4 and 03areconfigured 
as a constant current sink which turns on when the 
comparator goes "high". The resulting increase in loop 
current transmits the frequency of the V to F converter 
back to the control circuitry. 

~-------4~--~~--------------~----~----~--O.V 

WHERE:-1 s;X$O 

AI. A2. A3. A4 = 
'I, HA-5144 

150Ko 

5OlO.11I 

IOOKO.l% 

5OKO.I% looKO 

2t1KO 

5I1Ko 

P14·03 
(CURRENT SINK) 

150 

L--------<lI--...... ----<l'--------~-_~-----~·v 

REMOTE SENSOR - CURRENT LOOP TRANSMITTER 
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APPLICATION 2-CHARGE POOL POWER SUPPLY 

It is usually desirable to have the remote transmitter of a 4 
to 20mA current loop system powered directly from the 
transmission line. In some cases this is not possible due to 
high power requirements set by the remote sensor/­
transmitter system. In these cases an alternative to the 
separate power supply is still possible. If the remote trans­
mitter can be operated in a pulsed mode where it is active 
only long enough to perform its function, then a charge 
pool power supply can still allow the transmitter to be 
powered directly by the current loop. In this circuit a 
constant current 11 is supplied to the charge pool 
capacitor (CP) by the HA-5141 (where 11 = 3mA). The 
voltage V1 continues to rise until the output of the 
HA-5141 approaches +Vs or the optional voltage limiting 
provides by Z2. The LM2931 voltage regulator supplies 
the transmitter with a stable +5V supply from the charge 
collected by CPo Available power supply current is 
determined by the duration, allowable voltage droop on 
Cp, and required repetition rate. Example: If V1 is allowed 
to droop 4.4V and the duration of operation is 1 msec, 
the available power supply current is approximately 
Ips = Cp dV1 _ 68 F 4.4V = 30 A --- J10_- m. 

dt 1msec 

2.5V ZENER 

820n 

LM2931 

VI 

Cp 

68IlF I 
25V 

OPTIONAL 

+5V OUTPUT 
TO LOOP -= TRANSMITTER 

CHARGE POOL POWER SUPPLY FOR PULSED 
LOAD 4-20mA LOOP TRANSMITTER 

The repetition rate of operation is determined by the time 
required for the 3mA constant current source to restore 
V1 to its previous value. In this example: 

t = 68J1F 0 4.4V = 100msec is required. 
3mA 

APPLICATION 3-LOW POWER 

MICROPHONE AMPLIFIER 

The HA-515X op amp is very well suited for use in audio 
applications which require high gain, bandwidth and 
speed at low voltages and with low power consumption. 
Requirements such as these are usually found in battery, 
telephone line or solar powered circuits. The circuit below 
shows how the HA-5151 may be used to amplify the audio 
signal from an Electret microphone. This circuit may be 
operated with a single power supply voltage as low as 3V 
or as high as 40V and can provide over 25dB of gain over 
the audio frequency range. The 4.5V/j1Sec slew rate and 
low noise of the HA-5151 provides low distortion opera­
tion while only consuming about 200JlA of supply current. 

IIlF 

~.......---. j-o OUTPUT 

3V < + < 40 

R81AS VALUE DEPENDS ON +V VALUE 

LOW POWER MICROPHONE AMPLIFIER 
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APPLICATION 4-AGC WITH SQUELCH CONTROL 

Automatic gain control is a very useful feature in a number 
of audio amplifier circuits such as tape recorders, 
telephone speaker phones, communication systems and 
P.A. systems. The circuits shown below consists of a 
HA-5144 quad op amp and a FET transistor used as a 
voltage controlled resistor to implement an A.G.C. circuit 
with squelch control. The squelch function helps 
eliminate noise in communications systems when no 
signal is present and allows remote hands free operation 
of tape recorder systems. Amplifier A1 is placed in an 
inverting gain T configuration in order to provide a fairly 
wide gain range and to keep the signal level across the 

FET small. The small signal level across the FET and the 
addition of resistors R5 and R6 help reduce nonlinearities 
and distortion. Amplifier A2 acts as a negative peak 
detector to keep track of signal amplitude. Amplifier A3 
may be used to amplify this peak signal if the cutoff 
voltage of the FET is higher than desired. Amplifier A4 
acts as a comparator in the squelch control section of the 
circuit. When the signal level falls below the voltage set by 
R10 the gate of the FET is pulled low turning it off 
completely and reducing the gain to 2.4. The output A4 
may also be used as a control signal in applications such 
as a hands free tape recorder system. 

INPUT o-jH>----------------.JyVv--...--i 
20Kll 

>--_0 OUTPUT 

50 
R5 

GAIN lMll 
Re 47Kll 

2.4 

VIN AMPLITUDE 
RS 

·V 

20Kll 

L------..... -..,K 50Kll 

AGC WITH SQUELCH CONTROL 

APPLICATION 5-LOW VOLTAGE 

WEIN BRIDGE OSCILLATOR 

The circuit shown to the right utilizes a HA-5152 dual op 
amp and FET to produce a low voltage, low power Wein 
Bridge sine wave oscillator. Resistors R and capacitors C 
control the frequency of oscillation while the FET, used as 
a voltage controlled resistor, maintains the gain of A1 at 
exactly 3 to sustain oscillation. The 20K pot may be used 
to vary the signal amplitude. The HA-5152 has the 
capability to operate down to ±1.5V supplies and this 
circuit will produce a low distortion sine wave output 
while drawing only 400tlA of supply current. 

2N4391 
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APPLICATION 6-BAR CODE SCANNER 

The circuit shown below illustrates a method of 
interfacing a HEDS-1000 emitter-detector pair with a 
HA-5144 for use as a bar code scanner circuit. The 
HA-5144 is used as an amplifier system which converts 
the bar and space widths of the printed bar code into a 
pulse width modulated digital signal. Amplifier A1 is used 
to amplify the current output of the detector. The output 
of A1 is passed to two precision peak detector circuits 
which detect the positive and negative peaks of the 
received signal. Amplifier A4 is used as a comparator 

whose reference is maintained at the midpoint of the peak 
to peak signal by resistors R5 and R6. This provides a 
more accurate edge detection and less ambiguity in bar 
width. Amplifier A5 is used as an optional noise gate which 
only allows data to pass through the gate when the peak to 
peak modulation signal is larger than 1 diode drop. This 
circuit is operated by a single supply voltage with low 
power consumption which makes it ideal for battery 
operated data entry systems. 

OUT 

BAR CODE SCANNER 

APPLICATION 7-MONOSTABLE MULTIVIBRATOR 

The circuit below illustrates the usefulness of the 
HA-5151 as a battery powered monostable. In this circuit 
the ratio is set to .632, which allows the time constant 
equation to be reduced to: 

T = RtCt 

D2 is used to force the output to a defined state by 
clampinng the negative input at +O.6V. Triggering is set by 

""1..I 
TRIGGER 
INPUT 

T = RtCt AS SHOWN: T = IOO!1S 

RI R2 
41K!l 21Kn 

C1, R3, and D2. An applied trigger pulls the positive input 
below the clamp voltage (+O.6V) which causes the output 
to change state. This state is held because the negative 
input cannot "follow" the change due to Rt. Ct. As can be 
seen in the photograph, this particular circuit has a output 
pulse width set at approximately 1 OOps. Use of 
potentiometers for Rt and varible capacitors for Ct will 
allow for a wide variation in T. 

A 

B 

SCALE: VERTtCAL, A = 1V/DIV B = 2V1DIV 
HORIZONTAL = SOIJs/DIV 

MONOSTABLE MULTIVIBRATOR 

10-109 



Application Note 544 

APPLICATION 8-AC COUPLED DYNAMIC 

AMPLIFIER 

The circuit shown below is yet another of the many ways 
to utilize the advantages of HA-5141/42/44. This circuit 
would be most useful for biomedical instrumentation and 
acts as a bandpass filter with gain. Low frequency cutoff is 
set at 10Hz while the high frequency break point is given 
by the open loop roll off characteristic of the 
HA-5141/42/44. In this case, the AVCL = -60dS where the 
rolloff occurs at approximately 300Hz. This corner 
frequency may be trimmed by inserting a capacitor in 
parallel with Rf. 
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A METHOD OF CALCULATING HA-2625 
GAIN BANDWIDTH PRODUCT vs. TEMPERATURE 

By: Carl Wolfe and John Prentice 

Introduction 

The job of the analog circuit designer would be simplified 
if all designs were intended to operate at a constant 
temperature. But since this is usually not the case, the 
majority of designs require that I.C. performance with 
respect to temperature be considered. 

A common request for analog designers using the 
HA-2625 operational amplifier is information on the Gain 
Bandwidth Product (GBP) vs. Temperature. The GBP is 
defined as the product of the amplifier gain and 
bandwidth at a specified frequency. Knowledge of this 
operational amplifier characteristic with temperature 
provides insight into the amplifier's open loop frequency 
response variation with temperature. 

The following information describes a method of 
calculating HA-2625 GBP vs. Temperature. 

Procedure for Computing 
Gain Bandwidth Product 

A simplified configuration of the HA-2625 op amp is 
shown in Figure 1. The gain of this operational amplifier 
over its intermediate frequency range can be expressed 
by Equation 1. 

TRANSCONDUCTANCE 
AMPLIFIER C T 

BENEFITS 

COMPENSATION \7 
CAPACITOR 

HIGH INPUT 
IMPEDANCE BUFFER 

• MORE TEMPERATURE-STABLE THAN MILLER 
INTEGRATOR TYPES 

• AVAILABILITY OF HIGH IMPEDANCE INPUT 
FOR OUTPUT LIMITING 

FIGURE 1. TYPICAL HARRIS OP AMP CONFIGURATION 

AV 
gm 

27rlCC 

8V 8g m - 900 

where, 

AV magnitude of voltage gain 

(1 ) 

8V phase of voltage gain (-900 due to Cc phase 
shift) 

gm transconductance magnitude of op amp 
input stage 

8gm transconductance phase 

f bandwidth 

Cc compensation capacitance (includes internal 
and external capacitance) 

Rewriting Equation 1, the GBP can be expressed as a 
function of transconductance. 

gm 

21TCC 
GBP (2) 

Transconductance magnitude/phase characteristics vs. 
frequency and temperature are shown in curves 1 through 
8. The GBP vs. temperature can be calculated by using 
Equation 2 and the given transconductance data. 

As an example, let's calculate the variation of GBP over 
the temperature range of +250 C to +750 C. The operating 
frequency is given to be 100KHz and the external 
compensation capacitor is 50pF. 

Before applying equation 2, both the transconductance 
magnitude and compensation capacitance values must 
be determined. Referring to curve 2, the transconduc­
tance magnitude for an ambient temperature of +250 C 
and an operating frequency of 100KHz is3.2 x 10-3 mmho. 

The compensation capacitance value represents total 
capacitance. Therefore, in addition to the external 
capacitor component value, Cc should include an 
internal device capacitance of 3pF plus 5pF to account for 
fixture capacitance. 

So by using values of gm = 3.2 x 10-3 mmho and Cc = 
50 + 2 + 5 = 57pF, the GBP is computed as follows: 

GBP 
3.2 x 10-3 

21T (57 x 10-12) 
= 8.94MHz 

10-111 

CD 
~ 
&I) 

W 
I­o 
Z 
a.: 
~ « 



Application Note 546 

Next, the transconductance gain at +750 C (Curve 4) is 
determined to be 2.85 x 10-3 and, by applying Equation 2 
once again, the calculation is: 

The above method applies only for the intermediate 
frequencies of the op amp since the gain becomes load 
dependent at both frequency extremes. This is due to the 
impedance of the op amp output stage being less than 
that of Cc at very high or very low frequencies. 

2.85 x 10-3 
GBP 7.96MHz 

211" (57 x 10-12) 

The variation of GBP vs. temperature for this example is: Finally, the transconductance curves provided are based 
on experimental data and should be considered as 
typical. 
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Curve 8 
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A DESIGNERS GUIDE FOR THE HA-5033 VIDEO BUFFER 

Carl Wolfe 

Introduction 
Harris Semiconductor is an industry leader in the high 
speed, wideband, monolithic operational amplifier 
market. Due to the high performance of Harris pro­
ducts, designers in the more specialized areas of elec­
tronics have shown interest in utilizing these products 
in their applications. One such area is video design. In 
an effort to address this market, Harris has introduced 
the HA-5033 video buffer. 

This paper will discuss the HA-5033 design and pro­
vide additional performance characteristics not shown 
in the data sheet. 

HA-5033 Description 

The HA-5033 is a unity gain monolithic I.C. designed 
for any application requiring a fast wideband buffer. A 
voltage follower by design, this product is optimized 
for high speed 500 and 750 coaxial cable driver appli­
cations common in color video systems. 

Critical performance characteristics are summarized 
in Table 1. Outstanding differential phase/gain charac­
teristics combined with an output current capability of 
±100mA makes the HA-5033 an excellent choice for the 
line driver applications required in video circuit deSign. 

PARAMETER MIN TYP MAX UNITS 

Input Offset Voltage 15 mV 
Input Bias Current 35 f.lA 
Differential Phase .1 degree 
Differential Gain .1 % 
Slew Rate (±15V) 1000 VipS 
Output Current i100 mA 
Bandwidth (small signal) 250 MHz 
Bandwidth (VIN = 1 VRMS ) 65 MHz 
Supply Current 20 mA 

TABLE 1. HA-5033 SPECIFICATIONS: TA = +250 C; 
±VSUPPLV = ±12V (UNLESS OTHERWISE SHOWN) 

Other features, which include a minimum slew rate of 
1000V/ps, make the HA-5033 useful in high speed AID 
data conversion and sample/hold circuits. 

The HA-5033 is offered in two package configurations, 

the TO-S metal can and the S pin epoxy Mini-Dip. The 
pinouts for each package are illustrated in Figure 1. 

TOP VIEWS 

METAL CAN PACKAGE MINI-DIP 

FIGURE 1. HA-5033 PINOUTS: TO-8 METAL CAN-PIN COM­
PATIBLE WITH THE LHOO33 HYBRID. 8 PIN MINI-DIP - FAB­
RICATED USING A COPPER LEAD FRAME. ADVANTAGES 
INCLUDE EXCELLENT THERMAL CHARACTERISTICS 
AND BOARD SPACE SAVINGS. 

The high performance of this product (summarized in 
Table 1) is the result of the Harris High Frequency 
Dielectric Isolation Process. A major feature of this 
process is that it provides both PNP and NPN high fre­
quency transistors which make wide bandwidth de­
signs, such as the HA-5033, practical. 

A Closer Look 

Most manufacturer's data sheets provide a schematic 
diagram and depending upon the complexity of the 
product, this schematic may be comprehensive or pos­
sibly a simplified version. Schematics are a visual 
means of presenting information, ranging from relia­
bility data, such as transistor counts, to circuit informa­
tion for circuit analysis or computer simulation. But the 
most important reason for the schematic is to commu­
nicate to the customer the internal structure of the pro­
duct and therefore, some insight into its operation. 

At first glance, a schematic may appear as nothing 
more than a collection of resistors and transistors. But 
upon closer examination, particular areas of operation 
should become evident. Using the HA-5033 as an ex­
ample (Figure 2), itwill be shown that the HA-5033 con­
sists of a signal path, bias network, and performance 
optimization circuitry. 

10-115 

co 
"lit 
I.t) 

W 
~ o 
z 
c.: 
Q. 
< 



Application Note 548 
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I., 
1 
1 
1 
1 

BIASING ---: 

1 
1 
1 
1 
1 
1 
1 
1 
I, 

SLEW ENHANCEMENT 

SIGNAL PATH 

~~_~_--_--_+-_--+-+---~~-----+----4-~~~--~ 

FIGURE 2. HA-5033 SCHEMATIC: VIDEO BUFFER DESIGN CONSISTS OF THREE OPERATING AREAS; 
SIGNAL PATH, BIAS NETWORK AND PERFORMANCE OPTIMIZATION CIRCUITRY. 

Signal buffering is accomplished by cascading two 
emitter followers. I n order to achieve symmetrical posi­
tive and negative output drive capability, two pairs are 
paralleled. The first pair consists of 01 and 04for posi­
tive drive while the second pair 02, 03, provide nega­
tive drive. The emitter resistors of 01,02 ensure stabil­
ity with respect to load resistance, enhance differential 
phase/gain performance, and stabilize the quiescent 
operating point. This signal path has been high-lighted 
on the schematic. 

The bias circuitry consists primarily of the diode-bias­
ing located on the left portion of the schematic along 
with transistors 05, 06. This circuitry ensures the de­
signed performance of the other active elements. 

The performance optimization circuits are a slew en­
hancement circuit and a bias network buffer circuit. 
The transistors 07, 08, 09 and 010 are for slew en­
hancement. If the input voltage exceeds the output by 
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one VBE , 07 will turn on 010, which in turn provides 
extra base drive to 01. Similary, 09 will supply extra 
base drive to 02. 

Transistors 011, 012, 013 and 014 prevent high fre­
quency or transient signals from affecting the bias ci r­
cuitry. This prevents CeB multiplication of current 
sources 05 and 06, which also improves differential 
gain/phase performance. 

Note that output current limiting was not designed into 
the HA-5033. If there is a possiblity of the output being 
shorted to ground or the supplies, external current lim­
iting will be necessary. 

Any designer interested in using the HA-5033 should 
be aware of a characteristic related to output transistor 
operation. As the data sheet performance curves (re­
produced in Figure 3) show, the output swing is a func­
tion of frequency. These curves show the point at 
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FIGURE 3. OUTPUT SWING VS. FREQUENCY PERFORMANCE CURVES: CURVES SHOW POINT OF OBSERVA­
BLEDISTORTION FOR GIVEN FREQUENCY. OPERATION BEYO.ND THE CURVES SHOWN WILL APPROACH CONDI­
TIONS WHERE OUTPUT TRANSISTORS ARE SIMULTANEOUSLY ON. THE RESULTING INCREASE IN CHIPTEM­
PERATURE WILL LEAD TO THERMAL RUNAWAY. 
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which observable distortion occurs for a given fre­
quency. However, if the signal amplitude, signal fre­
quency or both are increased beyond the curves 
shown, thermal "runaway" will occur. This is due to 
both the NPN and PNP output transistors approaching 
a condition of being simultaneously on. This condition 
has been computer simulated and the results are 
shown in Figure 4. 

2.DI+---+----t---;\---lr----./t----j 

I.DI+==--==-+...3;=:..-....::::="'-1r--"='"---==~ 
0.0 1.0 2.0 

TlME(s) 

(al Vpeak"'5V,Rl'" 100 
* +SUPPl V CURRENT 
.... SUPPl V CURRENT 

g •. D-t-+--+--+---tt--+--1c--+-oIt-+-+---.I----ttI 
!;; 

~ 
~ J.o-+f.---H'----Hi'----+-I---+-I+----+-+---+i 

D.D-/----r----+--""'T---i---r----i 
0.0 1.0 2.0 

TIME(s) 
(b) Vpeek=7V, RL =100 

3.0 

* +SUPPlY CURRENT 
.. - SUPPL V CURRENT 

FICi.URE 4. OUTPUT TRANSISTOR COMPUTER SIMULA­
T�oN RESULTS 

This condition occurs if the frequency of the analog 
signed does not allow sufficient time for the output 
PNP transistor to turn off. The frequency which causes 
this "push-push" output stage can be determined by 
using the following relationship, 

Full Power Bandwidth (FPB) =~ 
2rrVp 

Where: 
SR = Slew Rate 
V p = Analog Signal Peak Voltage 

Therefore, tho designer can determine the approxi­
mate frequency of thermal runaway by supplying the 
peak analog voltage and measu ring the buffer slew rate 
for a particular application. 

For example, the slew rate for the HA-S033 with a load 
of RL = 1 K ohm and CL = 1000pFwas measured to be83 
V/p,S. The FPB for a SV peak analog signal was cal­
culated, 

10-117 

FPB = 83V/IlS = 2.6MHz 
271'(SV) 

So the estimated frequency of thermal runaway for the 
given conditions is 2.6MHz. Measurements in the lab 
resulted in a thermal runaway frequency equal to 
2.SMHz. 

Although the FPB relationship gives the designer a 
method of estimating the frequency of thermal runa­
way, it is recommended that the HA-S033 be operated 
to the left of the curves shown in Figure 3. Heat sinking 
the buffer will not prevent this condition from occuring. 

The purpose of heat sinking a semiconductor is to 
maintain the device junction temperature below a spe­
cified maximum limit. This is a thermal problem and 
can be evaluated using the thermal analog of Ohms 
Law illustrated in Figure S. 

Where: 
Pdmax = Power Dissipated (Poc + PAC), Watts 

Tj = Maximum Junction Temperature, oC 
Ta = Ambient Temperature, oC 

8j-c = Junction to Case Thermal Resistance, 
°C/W 

8c-s = Case to Heat Sink Thermal Resistance, 
°C/W 

8.-a = Heat Sink to Ambient Thermal Resistance, 
QC/W 

Tj 

T. 

FIGURE 5. THERMAL ANALOG OF OHMS LAW: SEMICON· 
DUCTOR IHEAT SINK SYSTEM 

In this thermal system, current is replaced by power, 
voltage by temperature, and electrical resistance by 
thermal resistance. By using Figure S, the following ex­
pression is derived, 

Tjmax • TA 
Pdmax = 

o j-c + Oc-s + Os-a 

This expression allows the designer to determine the 
maximum power dissipation of a semiconductor/heat 
sink system. 
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The expression for the semiconductor in free air is, 

Pdmax ~ Tjm.x - TA 

OJ-a 

In order to make use of these expressions, the follow­
ing information is requjred. 0j_C and Tjmax , from the 
semiconductor manufacturer and 0c-s and Os-a, from 
the heat sink manufacturer. 

Therefore, the HA-5033 used with the Thermalloy 
2240A can dissipate 3.0W at 250C and not exceed the 
maximum junction temperature of 2000C. 

The power dissipation limits shown in Figure 6 and 
those determined with the heat sink apply for both 
quiescent and load related power. Therefore, 

Pdmax > Poc + PAC 
POC = (+V)(+I) + (-V)(-I) 
PAC ~ (1/T)ojT V(t) i(t) dt For the Harris HA-5033, the maximum junction temper­

ature is Tlmax ~ 2000C. The thermal impedances forthe 
HA-5033 in the TO-S metal can package are 0j-c ~ 
31 0 C/W and 0j-a ~ 990 CIW. The epoxy mini-dip ther­
mal impedances are 0j-c ~ 270 C/W and 0j-a ~ 90oC/W. 

Video Performance 

Recommended heat sinks for the HA-5033 in the TO-S 
metal can package are the Thermalloy 2240A 1 and 
I ERC-UP-TOS-51CB2 (base), IERC-UP-C7 (top). Ther­
mal impedances are Os-a ~ 270CIW and 0s-a ~ 100CIW, 
respectively. Oc-s is dependent upon the type of insula­
tor or thermal jOint compound used. Both products are 
two piece heat sinks, but differ in design. 

By using the given product information and supplying 
an operating ambient temperature, the designer can 
determine the maximum power the system will dissi­
pate and not exceed the maximum junction tempera­
ture. 

For example, Figure 6 shows the maximum power dis­
sipation forthe HA-5033 in a TO-S metal can package to 
be 1.75W at 250C. 
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~o H~AT SliNK - r--
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AMBIENT TEMPERATURE (OC) 

FIGURE 6. HA-5033 MAXIMUM POWER DISSIPATION VS 
AMBIENT TEMPERATURE: FREE AIR 

The maximum power dissipation of the HA-50331 
2240A heat sink system is calculated to be, 

200-25 Pdmax ~ __ = 3.01W 
31 + 27 
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The images which appear on your television picture 
tube are created by a process called scanning3. Scan­
ning is a method of recreating the optical image of a 
scene one line at a time. Referring to Figure 7a, an elec­
tron beam moves or "scans" from left to right and 
quickly returns to a position below its starting spot. 
This process continues until the bottom of the picture 
is reached and the beam returns to the original top left 
hand position. This method is called sequential scan­
ning. 

STARTING POINT 

SEUUENTIAL SCANNING 

SECOND HALF OF 
OF LINE 263 

LINE 264, .; 
FIELD 2 __ f" •• 
LINE 265, ""'=::-::-;-:::-=-~';'I~_:.;_=--+~:..:,~ 
FIELD 2 ~,~,=::-:=-==",,., ... I ~=-~"'::..::"::":" 

1-- ,_+ - -..... 
LINE 266, (-,.. ~-~-----f-: _____ _ 
FIELD 2 I -. ____ ... : 

/ 
FIRST HALF 
DF LINE 263 

I .. 
I 
I 
I 

.J 

INTERLACED SCANNING 

FIGURE 7. SCANNING SEQUENCE 

...... 

- ..... 

LINE I, 
FIELD 1 

LINE 2, 
FIELD 1 

LINE 3, 
FIELD 1 

LINE 262, 
FIELD 1 
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Incorporated into present television broadcast stan­
dards is a technique called interlaced scanning. I nter­
laced scanning recreates the scene by providing two 
half scans. As shown in Figure 7b. the first scan traces 
out the odd numbered lines. the second scan fills in the 
even numbered lines. This technique avoids the flicker 
problem and excessive bandwidths required for similar 
picture definition using sequential scanning. 

The United States NTSC (National Television Systems 
Committee) broadcast standard is a 525 line standard. 
Each scan consists of 262'h lines. The first scan is 
known as field one. the second. field two. Therefore. 
the complete picture consists of two fields. 
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FIGURE 8. MULTIBURST SIGNAL (FIELD 1, LINE 17) AL­
LOWS FREQUENCY RESPONSE CHECKS 
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FIGURE 10. COMPOSITE SIGNAL (FIELD 1. AND 2. LINE 18) 
DESIGNED FOR GAIN AND TIME DELAY TESTS 
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The first 21 lines of each field are blank. Those lines are 
left open and are not used to broadcast video informa­
tion. Instead. these lines contain other important infor­
mation. such as sync pulses. data transmission. and 
test signals. The test signals contained in these lines 
are called the Vertical Interval Test Signals (VITS)4.5. 
which allows real-time monitoring of the television 
broadcast signal quality. These test signals were used 
to evaluate the video performance of the HA-5033. 

Four test signals are commonly used in the vertical in­
terval. They are the multi burst. color bar. composite 
and vertical interval reference. These test signals are 
shown in Figures 6 through 11. 
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FIGURE9. COLOR BAR (FIELD 2, LINE 17) ENABLES MONI­
TORING OF COLOR TRANSMISSION QUALITY 
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+lZV 

Each test signal was created to allow various distor- !:L tions to be measured without interfering with the nor-
VERTICAL 

mal video transmission. These signal distortions which - VIDEO SIGNAL 
INTERVAL 

HA- ANALYZER 
exist in television systems are defined as linear or non- TEST SIGNAL '---<r- 5033 -.-~ MARCONI GENERATOR 
linear. Non-linear distortion, such as differential phase TFZ914A 

and gain, vary with the amplitude of the picture signal. TEKTRONIX 149A* !:L 
75~t~. INSERTION 

Linear distortions, usually dependent upon frequency NTSC SIGNAL 75r! l~I~:tiZER GENERATOR 
response, are Independent of signal level. Forexample, = -lZV - -
the multiburst test signal Is very useful for frequency 
response checks, where as the composite signal con- *TEKTRONIX 1910 NTSC DIGITAL 

tains Signals for checking gain error. GENERATOR RECOMMENDED 

FIGURE 12. HA·5033 NTSC PERFORMANCE TEST CON· 
Determining the HA-S033's performance level with FIGURATION 
respect to the NTSC standard required the definition of 
a measurement method. Test equipment was needed The TF 2914A has the capability of measuring24 sepa-
that would produce the necessary NTSC test signals rate video parameters. Other advantages include direct 
and also monitor the device under test performance. readout and much more accuracy than possible using 
The test configuration, shown in Figure 12 consisted of scope methods. Table 2 lists the video parameters 
a Tektronix 149A NTSC6 generator and Marconi TF tested on the HA-S033 along with the particular VITS 
2914A video analyzer7. utilized by the TF 2914A. 

VIDEO PARAMETER VERTICAL INTERVAL TEST SIGNAL USED 

Luminance Bar Amplitude Luminance Bar, Composite Signal (Fig. 10) 

Sync Amplitude Sync Pulse, Composite Signal (Fig. 10) 

2T Pulse to Bar Ratio 2T Pulse/Luminance Bar, Composite Signal (Fig. 10) 

Chromlnance to Luminance Gain Inequality Chrominance Component Amplitude of the 12.ST Pulse and Lu-
minance Bar Amplitude, Composite Signal (Fig. 10) 

Chrominance to Luminance Delay Time Difference of Chrominance and Luminance Components 
of the 12.ST Pulse, Composite Signal (Fig. 10) 

Luminance Non-Linearity Largest and Smallest Step Amplitude of the Modulated Step 
Staircase, Composite Signal (Fig. 10) 

Signal to Noise Ratio Luminance Bar Level to Noise Voltage, Composite Signal 
(Fig. 10) 

Chrominance to Luminance Crosstalk Chrominance Component of 3 Step Modulated Pedestal and 
Luminance Bar, Multiburst Signal (Fig. 8) 

Low Frequency Error Amplitude of Low Frequency Signals 

Bar Tilt Difference of Luminance Bar Amplitude, Composite Signal 
(Fig. 10) 

2T K Factor 2T Pulse, Composite Signal (Fig. 10) 

Differential Gain Amplitude Deviation of Modulated Step Staircase, Composite 
Signal (Fig. 10) 

Differential Phase Phase Deviation of Modulated Step Staircase, Composite Sig-
nal (Fig. 10) 

Flag Luminance Amplitude, Multiburst Signal (Fig. 8) 

Multlburst·1·6 Amplitude of Each Frequency Burst, Multiburst Signal (Fig. 8) 

Color Reference Burst Amplitude Color Burst Amplitude, Multiburst Signal (Fig. 8) 

TABLE 2. TF 21114A VIDEO MEASUREMENT PARAMETERS 
REFERRED TO VERTICAL INTERVAL TEST SIGNALS 
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Since the TF 2914A measurement includes any inac­
curacies of the NTSC signal generator, a "delta" mea­
surement was neccesary. The NTSC generator was 
connected directly to the analyzer and the results re­
corded. Next, the HA-5033 was inserted and the results 

VIDEO PARAMETER 

Luminance Bar Amplitude 
Sync Amplitude 
2T Pulse to Bar Ratio 

recorded. The difference between the two readings 
was considered the actual HA-5033 performance. Ta­
ble 3 lists the video performance results of the HA-
5033. 

HA-5033 UNITS 

93.6 IRE' 
37.5 IRE 
99.9 IRE 

Chrominance to Luminance Gain Inequality 99.9 IRE 
Chrominance to Luminance Delay 1.5 nS 
Luminance Non-Linearity 0.1 % 
Signal-to-Noise Ratio 66 db 
Chroroinance to Luminance Crosstalk 51.6 IRE 
Low Frequency Error 0.3 mv 
Bar Tilt 0.3 IRE 
2T K Factor 0.1 K 
Differential Gain 0.1 % 
Differential Phase 0.1 degree 
Flag 99.5 IRE 
Multiburst 1 Amplitude 49.2 IRE 
Multiburst 2 Amplitude 49.3 IRE 
Multiburst 3 Amplitude S1.0 IRE 
Multiburst 4 Amplitude SO.4 IRE 
Multiburst 5 Amplitude 49.7 IRE 
Multiburst 6 Amplitude SO.O IRE 
Color Reference Burst Amplitude 40.4 IRE 

TABLE 3. HA-5033 NTSC VIDEO PERFORMANCE 

• IEEE Standard 205-1958 defines the levels of television video signal in terms of IRE units. 

100 IRE units: 0.714V, pop 

Applying The HA-5033 

The most important consideration when designing 
with the HA-5033 is layout. The wide bandwidth of the 
buffer necessitates that high frequency layout proce­
dures be followed. Recommended procedures include 
the use of a ground plane, minimization of all lead 
lengths, avoiding sockets, and proper power supply 
decoupling. 

Standard practice in RFlVideo layout is the use of a 
ground plane. A ground plane minimizes distributed 
circuit capacitance and inductance which degrade 
high frequency performance. The ground plane can 
also incorporate the metal case of the HA-S033, since 
pin #2 is internally tied to package. This feature allows 
the user to make contact between the ground plane 
and the package which extends shielding, provides ad­
ditional heat sinking and eliminates the use of a socket. 
IC sockets contribute bandwidth limiting interlead ca­
paCitance and should be avoided. 
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For the epoxy mini-dip, additional heatsinking can be 
derived from soldering the no connection pins #2, 3, 
and 7 to the ground plane. Also, pin #6 can be tied to 
either supply, grounded or left open. But to optimize 
device performance and improve isolation, it is recom­
mended that this pin be grounded. 

Another method of enhancing device performance is 
power supply decoupling. Forthe HA-S033, it is recom­
mended that the positive and negative power supplies 
be bypassed with capacitors to ground. Ceramic capa­
citors ranging in value from .01 to .1 /iF will minimize 
high frequency variations in supply voltage. Solid tan­
talum capacitors 1/iF or larger will optimize low fre­
quency performance. It is also recommended that the 
bypass capacitors be connected as close to the HA­
S033 as possible, preferably directly tothe supply pins. 

Finally, keeping all lead lengths as short as possible 
will minimize distributed capacitance and reduce 
board space. It is essential that the guidelines dis-
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cussed above be followed to avoid marginal perfor­
mance. 

Another consideration when applying the HA-5033 is 
load capacitance. Although the HA-5033 is designed to 
handle load capacitance values up to .01IJF, it has a 
worst case stability region in the area of 50pF. The com­
puter simulation of the HA-5033 frequency response in 
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1.2 
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~ 
z 
;;c .80 
co 
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107 
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Figure 13 illustrates the gain peaking which occurs in 
the 150MHz region. 

There are three suggested methods of dealing with this 
particular characteristic of the HA-5033. Isolating the 
load capacitance from the buffer output is the object of 
the first method. This is accomplished by placing a 
series resistor between the output and the load. 
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FIGURE 13. COMPUTER SIMULATION OF HA- 5033 GAIN CHARACTERISTICS 
VS FREQUENCY AND LOAD CAPACITANCE 

A second technique utilizes the HA-5033 frequency 
response with respect to load capacitance. Referring 
once again to Figure 13, notice that the gain peaking is 
removed with additional load capacitance. This is the 
basis of method two, adding additional load capaci­
tance to approach a region of stability. 

A drawback to adding more load capacitance is that 
the buffer's dynamic characteristic will degrade and 
bandwidth performance will be less than data sheet 
specifications. The third method solves this trade-off 
by using a "bootstrap" technique of adding capaci­
tance from input to output. This method achieves sta-
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bility without sacrificing performance. 

An explanation of why adding capacitance will stabil­
ize the HA-5033 can be found in the Y parameter data 
shown in Figure 14. The expression for the buffer gain 
in terms of Y parameter is: 
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FIGURE 14. HA-5033 Y PARAMETER DATA 
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Notice that the load admittance, Y22 , phase becomes 
inductive (-jYL ~ -900 ) at high frequency. So ifthe load, 
YL, is capacitive (+jYc ~ +900 ) and the sum OfY22 +YL 
become small, peaking occurs. Adding additional ca­
paCitance changes the effective phase angle and peak­
ing can be reduced. 

USing the HA-5033 as the analog input buffer of a flash 
converter is an example of application where the sug­
gested stabilization methods are useful. Although its 
been stressed to keep all distributed capacitance to a 
minimum to optimize device operation, the load which 
a flash converter presents to the buffer represents a 
greater concern. 

Flash or parallel converters are a special case, since 
the analog input circuit must drive a non-linear input 
impedance8. This non-linearity is due to the potential 
input impedance changes of the 255 parallel compara­
tors which comprise the converter analog input. In ad-

CONVERT DV 

DIGITAL 
OUTPUT DV 

BUFFER 
OUTPUT DV 

dition to the non-liriearity, the input capacitance of 
these converters tends to be relatively large, 100-300pF. 

Example of the various stabilization methods tested 
with the TWR 1007 8 bit video flash converter are 
shown in Figure 15. Figure 15a illustrates the series re­
sistor method. 15b is the load capacitance method and 
15c is the bootstrap method. Photographs of the exper­
imental results show the analog input sampling con­
vert signal (pin 30), the M5B digital output (01 pin40), 
and the buffer output (converter input). 

It is recommended that a complete evaluation for each 
method be conducted to determine the optimum com­
ponent values. The value of the series resistor will de­
pend upon the input capacitance of the particular con­
verter used. A suggested starting value is500hms. With 
the capacitance methods, the distributed capacitance 
of the layout will affect component values. These ex­
perimental results were obtained using C ~ 240pf. 
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FIGURE 15c. BOOTSTRAP CAPACITANCE METHOD 

The signal levels in most video applications are 1 V p-p 
or less. Although the HA-5033 was shown with ±15V 
power supplies in the converter applications, lower 
power supplies will accommodate these video signal 
levels. For example, at ±5V power supplies, the HA-
5033 can swing ±2V into a 75 ohm load. 

The HA-5033 is an excellent high speed line device 
capable of driving 50 ohm and 75 ohm coaxial cable. 

VOUT 

These type of drive requirements are common in video 
circuit design. Figures 15 and 16 illustrate two typical 
application examples. Figure 15 is an example of a 50 
ohm system using the HA-5033 alone. Rm matches the 
buffer output impedance to the cables characteristic 
impedance. Depending upon the response required, 
this resistor may not be necessary. If used, the output 
voltage will be one half the input voltage. 

POSITIVE PULSE RESPONSE 
TA = 2SoC 
RS = son. 

NEGATIVE PULSE RESPONSE 
TA = 2Soc 
RS = son. 

VIDEO 
SIGNAL 
INPUT R, 

eon 

RM = RL = son. 
Vo =VIN/~\=Y,VIN 

\ilL + RM} 

RM = RL = son. 
Vo =VIN/~\=Y,VIN 

\ilL + RMI 

FIGURE 15. VIDEO COAXIAL LINE DRIVER - 50 OHM SYSTEM 

soon 

,oon 

FIGURE 18. VIDEO GAIN BLOCK 

Figure 16 illustrates the use of the buffer within the 
feedback loop of an operational amplifier. This con­
figuration provides additional output current capabil­
ity for the HA-2539 op amp and gives the designer vol­
tage gain control. 

Another application which utilizes the HA-5033's out­
put drive capability is the high speed sample and hold 
circuit shown in Figure 17. The input buffer provides 
drive current tothe hold capacitor while the output buf­
fer functions as a data line driver. The switching ele­
ment in this application is the HI-201 HS high speed 
CMOS switch which contributes it's own benefits to the 
application9. Depending upon the application require­
ments, using the HA-5033 as the output buffer in Figure 
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17a may not be acceptable. Lab tests have shown that 
the input bias current of the HA-S033 becomes a factor 
for low values of hold capacitance « .01pF) during the 
hold mode. 

A solution is to add a low bias current F.E.T. input 
stage, as shown in Figure 17b. 01 acts as a voltage fol­
lower and 02 is a current source. Matching 01,02 and 
R1, R2 are important considerations in order to minim­
ize offset voltages. 

Sf" 
CONTROL 

(a) 

(b) 
-Vss 

FIGURE 178. HIGH SPEED SAMPLE/HOLD (b) MODIFIED 
OUTPUT BUFFER 

When the drive capability of the HA-S033 is insuffi· 
cient, consider adding an external output stage. Figure 
18a illustrates an example where a push-pull comple­
mentary output stage has been added to the HA-S033. 
Although unable to drive the low impedances of speak­
ers, typically 4-8 ohm, the buffer can be used to drive 
audio output transistors. A variation of this configura­
tion is shown in Figure 18b, where separate buffers in­
dividually drive each transistor base. A low noise input 
stage is provided by the HA-S102. 

A2 

Vo 

R, 
Rl (SPEAKER) 

-Vee 

(a) 

RF Rl (SPEAKER! 

A, 

(b) 

FIGURE 18. AUDIO DRIVERS 

A common method of achieving an audio oscillatorcir­
cuit is to use a transistor or IC amplifier with LC or RC 
feedback. An alternative technique of generating sinu­
soidal waveforms, using the HA-S033, is shown in Fi­
gure 19. Crystal oscillators offer improved frequen­
cy stability over time and temperature. This particu­
lar oscillator configuration10 produces an 18.18 MHz, 
2.8Vp_p sinusoidal waveform into a 1 K ohm load. 

>-_-<> OUTPUT 

FIGURE 19. CRYSTAL OSCILLATOR: ±V = ±15V, C1 = 12pfi 
C2 = 39pF, 18MHz QUARTZ CRYSTAL 

Conclusion 

The HA-S033 is a high performance integrated circuit 
presently being utilized in a wide variety of applica­
tions. This paper has provided additional information 
to aid designers in applying the HA-S033 video buffer 
in future applications. 
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FOR YOUR INFORMATION 

'i0. 549 Harris Analog 
THE HC-550X TELEPHONE SUBSCRIBER LINE 

INTERFACE CIRCUITS (SLIC) 
Geoff Phillips, C. Eng., M.I.E.E. 

1.0 Introduction 
The HC-550X family of telephone subscriber line 
interface circuits (SlIC) integrate most of the 
BORSCHT functions of the traditional hybrid and 
transformer interface circuits onto one chip. The 
circuits are manufactured in a 200V dielectric isolation 
(01) process and together with a secondary protection 
diode bridge give 1 kV of isolation from lightning 
induced faults between the subscriber loop and the 
telephone office. 

The BORSCHT functions provided are: 

• BATIERY FEED WITH LOOP CURRENT 
LIMITING 

• OVERVOL TAGE PROTECTION 
• RINGING 
• SUPERVISION/SIGNALING 
• HYBRID 

The HC-5502A is intended for use in systems utilizing 
single ended tip (positive side) injected ringing and 
limits the short loop current to 30mA; the HC-5504 is 
intended for use in ring side (negative side) injected 
ringing systems and will limit the short loop current to 
40mA. It should be noted that the HC-5504 can also be 
configured to operate in switches employing either of 
the two single ended ringing methods and in balanced 
ringing systems. 

BIDIRECTIONAL 
4 , 

+ITlP I 
o ~ TIPLINE 

TELE-
PHDNE~ I 
SETDR~ I 

D.A.A. ~f-R-IN-G-L-IN-E'-I--+--I 

+IRING (HC-550X) 

This note will describe each subfunction of the SliC 
and will discuss several system design features, 
including balance networks and complex impedance 
matching. 

2.0 An Overview of the Basic Phone 
Loop And Its Environment 

Figure 1 illustrates a simplified telephone network. 
Each subscriber is connected via a 2 wire (2W) loopto a 
switch office which provides intersubsciber loop 
switching and signal processing (analog and/or 
digital). 

The SliC is the primary interface between the 4 wire 
(4W) (ground referenced) low voltage switch environ­
ment and, the 2W ("floating") high voltage loop 
environment. 

The loop consists of a wire A (the Tip wire). the 
telephone set or its equivalent, and wire B (the ring 
wire). A DC voltage is applied across the Tip and Ring 
wires at the line card which is housed in the telephone 
office: The battery is usually a nominal -48V, and is 
often called the quiet or talking battery. When the 
telephone is off-hook, a DC path is established around 
the loop. DC loop current will flow around the loop 
from tip feed to ring feed. This is called Battery Feed. 

PCCM ~'--I-_ RECEIVE (Rx) 
SIGNAl o 

D 
E 
C 

HI-+4-- TRANSMIT (TX) 
SIGNAL 

I '---+-----...... 
ONE CHANNEL OF 

SUBSCRIBER LOOP I I LINE CARD 

TWO ~~~~-"---II-----O"-I-t""f---- f4~R W.!.'I!!!RE=--..,, __ 
TELEPHONE 

OFFICE 

FIGURE 1. SIMPLIFIED TELEPHONE NETWORK. 
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The SUC must be able to sense this DC current and 
flag the switch controller: This is referred to as Switch 
Hook Detection (SHD). It tells the switch controller 
that the line is busy, and is a supervisory function. 

The subscriber set is often located very close to the 
switch office. Thus, the loop resistance will be very low 
and the SUC should incorporate a feedback network 
that will limit the loop current to a specified maximum 
to prevent battery power drain and minimize power 
dissipation at the board level. The HC-SSOX SUCs 
sense the loop current and adjust the voltage on the 
ring side of the line to cause line current saturation. 

The telephone can be rung by switching a ring relay to 
connect a ring generator to the loop. The on-off 
switching of the relay (cadencing) is controlled by the 
Ring Command (RC) input which gates the relay driver 
output. When the user answers the telephone, the ring 
relay is automatically tripped, the ring command signal 
is inhibited and the 2W loop is made ready for voice 
transmission. Voice signals are transmitted onto the 
loop by directly modulating the DC feed. This AC voice 
signal is coupled to the users earpiece via a trans­
former in the telephone set. Voice transmission for the 
2W to the 4W system is called the hybrid function. For 
2W to 4W transmission, the subscriber talking into his 
set modulates the resistance of the telephone micro­
phone. This causes AC current in the loop which is 
sensed by the SUC and transmitted as a ground refer­
enced voltage signal to the signal processing electron­
ics within the switch. 

Subscriber loops are usually measured in terms of loop 
resistance. The nominal loop length is 1200 ohms. 
Owing to the length of the lines and their location near 
power lines, common mode or longitudinal currents 
are often induced. The SUC has to distinguish 
between these noise signals (longitudinal) and the 
transversal signals, and reject the unwanted longi­
tudinal components: this is a measure of the SUC's 
longitudinal balance. The primary noise sources are 
60/S0Hz power lines, cable cross talk, and R.F. 
transmissions. The Harris SUCs will accomodate 
1SmARMS of noise currents on each side of the loop. 

The line is also subjected to lightning strikes. Together 
with primary and secondary protection networks, the 
SUC must withstand 1kV peak of lightning induced 
energy. In fact, the plastiC encapsulated Harris SLiC 
can withstand a 1 kV peak strike with a small signal 
diode bridge providing voltage clamping, and current 
steering. 

3.0 The Harris HC-550X 
The HC-SSOX family of SUCs are primarly intended for 
use within Private Branch Exchanges (PBX) al­
though they can be used in the larger switch networks 
found in Central Offices (C.O.). 
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Figure 2 shows the functional schematic of the SUC. 
The subfunctions to be described are: 

A. Line Feed Amplifiers 
B. Transversal Amplifiers 
C. Loop Current Limiting: Metallic, Fault and 

Thermal Limiting 
D. Ring Trip and Ground Key Detection 
E. Spare or Uncommitted Operational Amplifier 
F. Logic Network 

3.1 Line Feed Amplifiers 
The line feed amplifiers are high power op amps, and 
are connected to the subscriber loop through 300 
ohms of feed resistance; the configuration is shown in 
Figure 3. The feed resistors provide a 600 ohm bal­
anced load for the 2W to 4W transmission, and limit 
longitudinal currents; the two resistors immediately 
adjacent to the feed amplifiers function as sense resis­
tors for 2W to 4W transmission and signalling 
purposes. 

The tip feed amplifier is configured as a unity gain 
non-inverting buffer. A -4V bias (derived from the 
negative battery (VB-) in the bias network) is applied to 
the input oftheamplifier. Hence, the tip feed DC level is 
at -4V. The principal reason for this offset is to 
accomodate sourcing and sinking of longitudinal 
noise currents up to 1SmARMS without saturating the 
amplifier output. The tip feed amplifier also feeds the 
ring feed amplifier, which is configured as a unity gain 
inverting amplifier as seen from the TF amplifier. The 
noninverting input to the RF amp is biased at a VB-/2. 
Looking into this terminal the amplifier has a nonin­
verting gain of 2. Thus, the DC output at ring feed is: 

VRF(DC) = (4 + VB-) Volts 

For a -48 volt battery, VRF = -44 volts. Hence, the nomi­
nal battery feed across the loop provided by the SUC is 
40 volts. When the subscriber goes off-hook this DC 
feed causes current (metallic current) to flow around 
the loop. 

The received audio signal VRX from the switch is fed 
into the tip feed amplifier and appears at the TF termi­
nal. It is also fed through the ring feed amplifier and is 
inverted. Thus, a differential signal of 2VRX appears 
across the line: for a 600 ohm line this compensates the 
6dB loss due to the 600 ohms of line feed resistance. 
The VRX signal causes AC audio currents to flow 
around the loop which are then AC coupled to the ear­
piece of the telephone set. Figure 4 shows the Single 
ended AC equivalent circuit of the subscriber loop for 
voice transmission. In the general case the signal de­
sign equation for 4W to 2W transmission is given by: 

VUNE = ( ZUNE ) x 2VRX 
600 + ZLiNE 
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FIGURE 3. LINE FEED AMPLIFIERS. 
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vst lZLlNE 
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ru 
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HC-550X 

FIGURE 4. SINGLE ENDED AC SIGNAL 
EQUIVALENT CIRCUIT, 

3.2 The Transversal Amplifier (TA) 

90K I 
-4V I 

I 
I 

Whereas the feed amplifiers perform the 4W to 2W 
transmission function, the transversal amplifier acts as 
the 2W to 4W hybrid. The TA is a summing amplifier 
configured to reject common mode signals. It will thus 
reject 2W common mode Signals. Figure 4 shows the 
Single ended signal transmission path. Given below is 
the design equation of the 2W to 4W signal transmis­
sion. It can be seen that RB2 and RB4 act as loop cur­
rent sense resistors, and that the voice signal output of 
the amplifier is a function of the differential voltages 
appearing across RB2 and RB4. 

Thus, the transversal amplifier also has a DC output 
proportional to the metallic current in the loop. The 
output voltage is given by: 

VTX = 2(ITIP + IRING) (RB2+ RB4) 

where ITIP and IRING are assumed positive as 
indicated in Figure 1. This DC level is used as an input 
to a comparator whose output feeds into the logic 
circuitry as SH. This signal is used to gate SHD. 
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Voice signals on the loop are transformed by the TA 
into ground referenced signals as shown by the above 
equations. Since the TA output has a DC offset it is 
necessary to AC couple the output to any external 
circuitry. Note, that during 4W to 2W transmission, the 
transversal amplifier will have an audio signal at its 
output proportional to the 4W audio receive signal and 
the loop's equivalent AC impedance. This is called the 
transhybrid return, and must be cancelled (or 
balanced) out to prevent an echo effect. This is 
discussed more fully in Section 4 under Transhybrid 
Balancing. 

3.3 Loop Current Limiting 
The nominal loop length is equivalent to an 1800 ohm 
load across the feed amplifiers However, on a short 
loop the line resistance often approaches zero. Thus, a 
need exists to control the maximum DC loop current 
that can flow around the loop to prevent an excessive 
current drain from the system battery. This limit is 
typically specified between 30mA and 40mA for 
general PBX applications. Figure 5 depicts the 
feedback network that modifies the RF voltage as a 
function of metallic current. Figure 6 illustrates the 
loop current characteristics as a function of line 
resistance. 

As indicated above, the T A has a DC voltage output 
directly proportional to the loop current. This voltage 
level is scaled by R19 and R18. The scaled level forms 
the 'Metallic' input to one side of a Transconductance 
Amplifier. The reference input to this amplifier is 

VTF 

VRING 

VRF 

VRF 

VTX = -600 ILOOP 

VTX 

IGM>o, 
FOR KVTX < VB5 

Ve/2 

FIGURE 5. LOOP CURRENT LIMIT CONTROL. 
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30+-----------~1 

ZO 

RlOOP = IRBI + RBZ + RB3 + RB4 + RLiNE + RSET) 

10~+_+_~~~_+-+~~~~~+_+_~~~-_ 
600 BOO lK 1.ZK 1.4K 1.6K 1.BK Z.OK Z.ZK Z.4K RlOOP 

1m 

FIGURE 6. DC LOOP CURRENT CHARACTERISTICS. 

generated in the bias network, and is equivalent to 
30mA or 40mA loop current, typically, for the 
HC-5502A and HC-5504, respectively. When the 
metallic input exceeds the set reference level, the 
transconductance amplifier sources current. This 
current will charge C3 in positive direction causing the 
RF (Ring Feed) voltage to approach the TF (Tip Feed), 
effectively reducing the battery feed across the loop 
which will limit the DC loop current. C3 will continue to 
charge until an equilibrium level is attained at ILOOP = 
ILOOP MAXmA. The time constant of this feedback 
loop is set by R21 (90K ohm) and C3 which is nominally 
0.33IJF. 

The RF voltage level is also modified to reduce or 
control loop current during ring linefaults (e.g. ground 
or power line crosses), and thermal overload. Figure 2 
illustrates this. It can be seen that the thermal and fault 
current circuitry works in parallel with the transcon­
ductance amplifier. 

3.4 Longitudinal Ampllller 
The longitudinal amplifier is an op amp configured asa 
closed loop differential amplifier with a nominal gain of 
0.1 (HC-5504) or 0.581 (HC-5502A). The output is a 
measure of any imbalance between ITIP and IRING as 
described in Figure 1. The transfer function of this 
amplifier is given by: 

VLONG ~ K(ITIP - IRING)150 

Where K is the gain factor of the amplifier. The gain 
factor is much less than one since ring voltage (up to 
150Vpeak) can appear at the Ring or Ring Feed Sense 
terminals and are attenuated to protect the amplifier. 

The longitudinal amplifier's principal functions are 
Ring Tip Detection (RTD) and Ground Key Detection 
(GKD). GKD provides a means for the subscriber to 
flag a PBX attendant and is used extensively in Europe: 
The ring line is grounded at the telephone set via a 
push switch incorporated within the telephone. This 
causes a DC current imbalance between the tip and 
ring sides of the loop which gives rise to a negative vol­
tage at the output of the longitudinal amplifier. The 
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output of the amplifier after being filtered by R20 and 
C4 to attenuate AC signals is fed into a detector whose 
output GK gates the necessary logic to drive GKD or 
inhibit the ring relay driver to remove ringing signals 
from the line in an off-hook condition. In order to pre­
vent false ground key owing to line noise or during ring 
trip, the internal GKD logic is delayed via C2. An inter­
nal current source of 5IJA has to charge C2 up to a 5V 
level before allowing the ground key signal to propa­
gate. Thus, for C2 ~ 0.151JF, a delay of t50ms is estab­
lished. 

Ringing the line and Ring Trip Detection are discussed 
more fully in Section 4. 

3.5 Uncommitted Op Amp 
An uncommitted op amp is provided on the chip. This 
is a standard op amp with an output swing of ±5V. It is 
primarily intended to be used to balance the 
transhybrid return signal discussed in Section 3.2 
above. The amplifier has an offset voltage of 1 OmV; an 
open loop gain of 66dB; a GBW product of 2MHz; slews 
at tv/ IJs typically, and has a ±2mA output current drive 
capability. 

3.6 The Logic Network 
The logic network utilizes 12L logic. All external inputs 
and outputs are LS TTL compatible: the relay driver is 
an open collector output that can sink BOmA with a· 
VCE of tv. 

Figure 7 is a schematic of the combination logic within 
the network. The external inputs RC (Relay Control) 
and PO (Power Denial) allow the switch controller to 
ring the line or deny power to the loop, respectively. 
The Ring Synchronization input (RS) facilitates 
switching of the ring relay near a ring current zero 
crossing in order to minimize inductive kick-back from 
the telephone ringer. 

The internal inputs SH and GK control ring trip and 
provide supervisory flags to the system controller via 
the Switch Hook Detect (SHD) and Ground Key Detect 
(GKD) outputs. 

4.0 Designing with the Harris sLle 
General application circuits for the HC-5502A and 
HC-5504 SLiCs are given in Figures 8 and 9. In this 
section, several specific design and application areas 
will be discussed: 

A. Ringing the Line 
B. Power Denial 
C. Transhybrid and Longitudinal Balance 
D. Complex Impedance Matching 
E. Surge Protection 

4.1 Ringing The Line 
The HC-5502A is used for tip injected ringing (also 
called single ended ground referenced ringing). and, 
the HC-5504 is used for ring injected or single ended 
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FIGURE 7. HC-5502A/04 LOGIC GATE SCHEMATIC. 
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C6 - R1 and H2 and C7 - ZB - Rl, to match in impedance to within 0.3%. Thus, if C6 and C7 
are 1 ~F each, a 20% match is adequate. It should be noted that the transmit output to C6 sees 
8 -22V step when the loop is closed and tltat too large a value for C6 may produce an excessively 
long traMient at the op amp output to the peM filter/CDDEC. A O.5pF and 100Kn gives a 
time constant ot 50msec. RS = 1Kn ,CS = O.1JlF, 200V Typically, Depending on VRING and Lineleugtb. 

FIGURE 8. HC-5502A LINE APPLICATION CIRCUIT. 
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® To obtain the specified transhybrid loss of 40dB it is necessary for the 3 legs of 
the balance network, C6 - R1 and R2 and C7 -Z8 - R3, to match in impedance to 
within 0.3%. If C6 and C7 are 1 jJF each, a 20% match is adequate. It should be 
noted that the transmit output to C6 sees a -Z2V step when the loop is closed. 
Too large a value for C6 may produce an excessively long transient at the op amp 
output to the PCM Filter/CODEC. A O.5.uF and 100kn gives a time constant 
of 50msec. The uncommited op amp output is internally clamped to stay within 
±5.5V and also has CUlrent limiting protection. 

FIGURE 9. HC-5504 LINE APPLICATION CIRCUIT. 

battery referenced ringing. Figures 10 and 11 showthe 
two different ringing schemes. Note. that the HC-5504 
can be used for either of the single ended ringing 
schemes: to use the 5504 for tip injected ringing the 
Ring Feed Sense (RFS) and RF pins are permanently 
connected externally. and the scheme shown in Figure 
10 adopted. 

TELEPHONE 
RINGER, 
ZR "" BKI1 

SUBSCRIBER LOOP 

KI 

IR) 

The Ring Command (RC) input is taken low during 
ringing. This activates the ring relay driver (RR) output 
providing the telephone is not off-hook or the line is not 
in a power denial state. The ring relay connects the ring 
generator to the subscriber loop. The ring generator 
output is usually an 80VRMS. 20Hz signal. For use with 
the Harris SLiC. the ring signal should not exceed 150V 
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FIGURE 10. HC-SS02A TIP INJECTED SINGLE ENDED RINGING. 
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150VPK 

RB2 
150D. 

TF 
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R 

RF 

RFS 

HC-5504 

v­
B 

*RC SNUBBER PLACED ACROSS NC CONTACTS 

FIGURE 11. HC-5504 RING INJECTED SINGLE ENDED RINGING. 

peak. Since the telephone ringer is AC coupled, only 
ring current will flow. For the HC-5502A SLlC, the 
ring current is sunk by the ring feed amplifier 
output stage whereas for the HC-5504 the ring path 
flows directly into VB- via a set of relay contacts. The 
high impedance terminal RFS exists on the HC-5504 so 
that the low impedance RF node can be isolated from 
the hot end of the ring path in the battery referenced 
ring scheme. 

The AC ring current flowing in the subscriber circuit 
will be sensed across RB4, and will give rise to an AC 
voltage at the output of the longitudinal amplifier. R20 
and C4 attenuate this signal before it reaches the ring 
trip detector to prevent false ring trip. C4 is nominally 
set at 0.47pF but can be increased towards 1pF for 
short lines or if several telephones are connected in pa­
rallel across the line in order to prevent false or inter­
mittent ring trip. 

When the subscriber goes off-hook, a DC path is 
established between the output winding of the ring 
generator and the battery ground or VB- terminal. A 
DC longitudinal imbalance is established since no tip 
feed current is flowing through the tip feed resistors. 
The longitudinal amplifier output is driven negative. 
Once it exceeds the ring trip threshold of the ring trip 
detector, the logic circuitry is driven by GK to trip the 
ring relay establishing an off-hook condition such that 
SHD will become active as loop metallic current starts 
to flow. 
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In addition to its ability to be used for tip or ring 
injected systems, the 5504 can also be configured for 
systems utilizing balanced ringing. Figure 12 shows 
such an application. The main advantage of balanced 
ringing is that it tends to minimize cross coupling 
effects owing to the differential nature of the ring tone 
across the line. 

Figure 13 illustrates the sequence of events during ring 
trip with ring synchronization for a tip injected ring sys­
tem. Note, that owing to the 900 phase shift introduced 
by the low pass filter (R20, C4) the RS pulse will occur 
at the most negative point of the attenuated ring signal 
that is fed into the ring trip detector. Hence, when DC 
conditions are established for RTD, theAC component 
actually assists ring trip taking place. For a ring side in­
jected ring system, the RS pulse should occur at the 
positive zero crossing of the ring signal as it appears at 
RFS.lf ring synchronization is not used, then the RS pin 
should be held permanently to a logic high of 5V nomi­
nally: ring trip will occur asynchronously with respect 
to the ring voltage. Ring trip is guaranteed to take place 
within three ring cycles after the telephone going off­
hook. 

It is recommended that an RC snubber network is 
placed across the ring relay contacts to minimize 
inductive kick-back effects from the telephone ringer. 
Typical values for such a network are shown in 
Figure 9. 
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FIGURE 12. HC-5504 BALANCED RINGING CONFIGURATION. 
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FIGURE 13. RING TRIP SEQUENCE. 
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4.2 Power Denial (PO) 

Power denial limits power to the subscriber loop: it 
does not power down the SLlC, i.e. the SLiC will still 
consume its normal on-hook quiescent power during a 
power denial period. This function is intended to 
"isolate" from the battery, under processor control, 
selected subscriber loops during an overload orsimilar 
fault status. 

If PD is selected, the logic circuitry inhibits RC and 
switches in a current source to C3. The capacitor 
charges up to a nominal -3.5V at which point it is 
clamped. Since TF is always biased at -4V, the battery 
feed across the loop is essentially zero, and minimum 
loop power will be dissipated if the circuit goes off­
hook. No signalling functions are available during this 
mode. 

After power denial is released (PD = 1), it will be several 
hundred milliseconds (300ms) before the RF output 
reaches its nominal battery setting. This is due to the 
RC time constant of R21 and C3. 
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FIGURE 14. SLIC TRANSHYBRID BALANCE EQUATIONS. 

4.3 Transhybrld Loss And 
Longitudinal Balance 

During 4W to 2W transmission, the 4W signal is 
returned to the transmit output: this is called 
transhybrid return: it is not a reflection from the line as 
it will only occur if the loop is closed. In order to 
prevent echo and instability in the switch, this returned 
signal must be balanced out before it reaches the 
filter/CODEC. The level of the returned signal is given 
below, and a balancing network utilizing the on-Chip 
spareopamp is indicated in Figure 14. Since the 
returned received signal's amplitude and phase are 
a function of the line's A.C. impedance, the balance 
network is a function of the same. 

For a resistive line, the two arms ofthe balance network 
(Figure 14) are also resistive. In the simplest case, for a 
600 ohm system, the two parts of the summing network 
have equi-resistance values. For a transhybrid balance 
greater than 36dS, component tolerances of ±0.5% are 
recommended. Soth arms of the summing network are 
capacitively coupled since the TA and TF amplifiers 
have output and input D.C. biases, respectively. The 
values of the capacitors are chosen to prevent 
degradation of the audio frequency response. For 
capacitive values of 0.5~F, components with toler­
ances of 10% can be used since at voice band 
frequencies the reactance of the capaCitor has mi ni mal 
effect on the impedance of the balance network. 

The transhybrid returned signal is given by: 

( 4R ) 
VTX=-VRX --

(2R + ZU 

where R = (RS1 + RS2) = (RS3 + RS4) , and 

ZL = Line Impedance 
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For the balance network, the genergl equation is given 
by: 

Zs = 2R + ZL with R1 = 4R in Figure 14. 

A full derivation of the balance equation is given in 
AppendixA. A measure off this balance is known as 
transhybrid loss. For a600 ohm resistive line, a balance 
of 40dS at 1 kHz is attainable. In practice owing to 
variations in lines and telephone sets the balance is 
usually lower than in the ideal case: A balance in the 

'order of 25dS will often be measured and accepted. 

Sy switching out the balance network, it is possible for 
the controller to conduct loop back tests providing the 
loop can be closed via a test relay in the line card. 

Longitudinal balance is equivalent to common mode 
rejection ratio. Looking into the line card tip and ring 
terminals towards the SLlC, the 2W balance is a func­
tion of the impedance match between tip and ring to 
ground. The 4W balance is a funciton of the 2W bal­
ance, and the matching of the feedback resistor ratios 
around the transversal amplifier. (The TA itself must 
also exhibit a CMRR in excess of the required longitud­
inal balance.) The sLie user can only control the 
matching of the feed resistors. For a nominal 60dS of 
rejection, these must match within 0.1%. The on-chip 
resistors are thin film SiCr resistors and are matched 
within 0.1 %. The amplifier has a CMRR of 70dS giving a 
typical 4W balance of 60dS. 

4.4 Complex Impedance Matching 
The SLiC is usually used in systems that have a line 
characteristic impedance of 600 ohms resistive. Thus, 
th'") 4 x 150 ohms feed resistors present a balanced 600 
ohms load to the line. If the characteristic impedance 
of the line varies from 600 ohms but remains resistive, 
then this can be compensated for by increasing or 
decreasing the value of RS1 and RS3. For example, if 
the line is definedas 900 ohms resistive, then RS1 and 
RS3 could be increased to 300 ohms each and the line 
will be matched. The increase in feed resistance could 
impact the DC performance on long lines. 



Application Note 549 

In case of lines having a complex characteristic 
impedance the SliC circuit can be configured to 
adequately match the line. Figure 15 shows a typical 
equivalent line impedance as defined in many 
European countries. Figure 16 illustrates the circuitry 
required to match and balance such a line. The 
component design equations are given below. A 
qualitative description is given of the circuit to explain 
its operation; a full mathematical derivation is given in 
Appendix A. 

For the equivalent impedance shown in Figure 15, it 
can be seen that at low frequencies, the impedance will 
increase and become more resistive. As the voice 
frequency increases, the reactance of CL decreases, 
thus the line impedance will also decrease. In order to 
match the line impedance, a feedback network is 
required that provides low frequency positive feedback 
and high frequency negative feedback. The scheme of 
Figure 16 does this. An additional op amp is required to 
realize the circuit. 

R1L,820n 

R2L, zzo n 

elL,115nF 

FIGURE 15. TYPICAL EQUIVALENT COMPLEX LINE 
IMPEDANCE. 

TX 

The degree of match over the voice band is a function 
of the Rand C component tolerances and the degreeof 
approximation totheirtheoretical values. The curves in 
Figure 17 show typical matching characteristics. The 
objective is to maximize the 2W return loss. Some 
values are indicated in Figure 17. 

Resistor RS in Figure 16 is added to ensure circuit stab­
ility. A nominal value of 300 ohms is advised which will 
not affect the A.C. performance of the circuit. Capaci­
tor CF can be used to optimize the transmit signal's fre­
quency response. This is caused by non-realization of 
ideal component values. CF adds a pole to the circuit 
which compensates this non-flat response. (See 
Figure 18). For complex impedance applications a cer­
tain amount of circuit optimization will be required by 
the user in order to obtain an adequate 2W return loss 
performance and a satisfactory transmit frequency 
response. 

As indicated, the above method for matching complex 
lines requires an additional op amp to the SLiCs on 
board op amp. It also requires several capacitors 
whose values are often non-standard. Also, tightly 
toleranced capacitors are expensive. A second method 
exists to match the line; it minimizes the number of 
capacitors to the number of capactive elements within 
the line's equivalent impedance model. (There is 
usually one capacitive element.) Assuming just one 
capacitor in the line impedance network, the 
capacitor's value can be scaled to a standard value 
which will improve the performance of the circuit. A 

FIGURE 18. COMPLEX LINE IMPEDANCE TRANSFORM CIRCUIT HC-5502A. 
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second additional external op amp is necessary; 
however, the ease of implementation and the 
performance attained could warrant this overhead. 
The mathematical derivation of this method is given in 
Appendix S together with an application circuit. 

4.5 LIne Fault Protect/on 

The subscriber loop can exist in a very hostile electrical 
environment. It is often in close proximity to very high 
voltage power lines, and can be subjected to lightning 
induced voltage surges. The SLiC has to provide 
isolation between the subscriber loop and the 
telephone office. Methods for dealing with longi­
tudinally induced power frequency currents and 
excessive DC line current have been discussed. 

The most stringent line fault condition that the SLiC 
has to withstand is that of the lightning surge. 

The Harris monolithic SLiC in conjunction with a 
Simple low cost diode bridge can achieve up to 1 KV of 
isolation between the loop and switch office. The level 
of isolation is a function of the packaging technology 
and geometry together with the chip layout geo­
metries. One of the principal reasons for using DI 
technology for fabricating the SLiC is that it lends itself 
most readily to manufacturing monolithic circuits for 
high voltage applications. 

Figures 8 and 9 show general application circuits for 
the HC-5502A and HC-5504 SLI Cs.Asecondary protec­
tion diode bridge is indicated which protects the feed 
amplifiers during a fault. Figure 19 illustrates more 
clearly the fault current paths during a lightning or 
transient high voltage strike. Most line systems will 

have primary protection networks. They often take the 
form of a carbon block or arc discharge device. These 
limit the fault voltage to 500V - 1000V peak before it 
reaches the switch line cards. Thus when a transient 
high voltage fault has occurred, it will be transmitted as 
a wave front down the line. The primary protection 
network limits the voltage to 500V to 1000V. The 
attenuated wave front will continue down the line 
towards the SLiC. The feed amplifier outputs appear to 
the surge as very low impedance paths to the system 
battery. Once the surge reaches the feed resistors, 
fault current will flow into or out of the feed amplifier 
output stages until the relevant protection diodes 
switch on. Sench measurements have indicated peak 
fault currents of up to 150mA into and out of the SLiC 
during the finite turn on time of the diode bridge. Once 
the necessary diodes have started to conduct all the 
fault current will be handled by them. The geometry of 
the SLiC and its package has been designed to 
withstand the full rated peak fault voltage at its ti p (T) 
and ring (R) terminals: for ceramic packages this is 
500V peak, and for plastic (or epoxy) packaged SLiCs 
this is 1000V peak. The circuits are rated against 
standard lightning characteristics defined by Figure 
20. The ceramic package contains an air gap whereas 
the plastic packages contain no void. The dielectric 
constant of air is lower than that of the epoxy and it is 
this which breaks down at lower voltages than the 
plastic compound. 

If the user wishes to characterize SLiC devices under 
simulated high voltage fault conditions on the bench, 
he should ensure that the negative battery power 
supply has sufficient current capability to source the 
negative peak fault current and low series inductance. 
If this is not the case, then the battery supply could be 
pulled more negative and destroy the SLiC if the total 
(VS+ + VS-) voltage across it exceeds 75V. 
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APPENDIX A 

BALANCING AND 
IMPEDANCE MATCHING THE HC-550X SLIC 

1. Evaluating balance network for HC-5502A1HC-5504 
SLiC. 

The Figure A1 schematic illustrates the general4W to 
2W signal implementation of a SLiC IC. 

In order to achieve transhybrid rejection of the Rx 
signal, the op amp configuration needs to be 
implemented in order to subtract out any portion of the 
Rx signal that might appear at the TX terminal of the 
SLiC. The value of Zs is a function of ZL; a general 
derivation of Zs is given in Figure A2. Consider the 
single ended Signal path equivalent circuit of the 
HC-550X. 

For VRX only we require VT = O. 

V'TX = (_R_) x 2VRX VTX = (~)x VRX 
2R + ZL 2R + ZL 

VRX 
(LINE) RX TF 

sLie T 

R 
Rl 

VTX TX RF 
(LINE) 

FIGURE AI. 

4W RX 
VRX 

Zs 

Rl VTX TX 

VTX 
(LINE) 

FIGURE A2. 
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For VT = 0 we must have the condition: 

VTX 

R1 
where VTX = f(VRX) 

[VRXX CR4: zJ ] /Rl 

Zs R1X (2R4+RZL) 

Thus if ZL = 2R ... (Le. 600 ohm) 
then Zs = R1 

For general case let R1 = 4R 

Zs = 2R + ZL 

150n 150n T 

Zo= 6:Un I 
150n 15Dn R 

ILOOP -R R 
300n 300n 2W 

-Vi-x 

I 
Zo= 600n 

ZL 

ZL 
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2. Matching complex line/load configurations ... 
For some users it is necessary for the SUC to appear as 
a complex impedance looking into SUC from the 2W 
line in order to match complex line impedances. 

Consider a typical complex line configuration, see 
Figure A3. 

8y implementing positive and negative feedback 
around the VRX to VTX loop, the output impedance of 
the SUC can be transformed to match ZL. Again, 
consider the single ended signal path equivalent 
circuit of the SUC together with a feedback network 
H(s), as shown in Figure A4. 

ZL lsI" _R I:..:L~I1_+_sT_I_+_R=ZL 
(l+sTI 

where T = RZLCL 

Assume transmission only; VRX = O. 

H(s) network will provide positive and negative 
feedback to give Zo(s) 

Vo = 2Rlo + 2V'RX 

V'RX = HV'TX = 2HloR 
Vo = 2Rlo + 4HloR 

Zo = Vo/lo 

Zo = 2R(1 + 2H) 
H = (Zo - 2R)/4R (A) 

Figure A5 indicates that network H can be configured 
as follows to provide required positive and negative 
feedback. 

i1 + i2 = -i3 

R2L 

os F ---0, ZL -- RIL + RZL 

os F ---- 00, ZL -- RIL 
C'TX ~1KV'TX) + (VRX ~~V'TX) = 

vrx 
• 

FIGURE A3, 

FIGURE A4, 

,-_H_(S_I_k[",.: 

For VRX = 0 and defining H = V'RxlV'TX the above 
equation reduces to: 

[ 
2Z1 + Z2 (1 - .2.)] 

H=K K 

Z1 

(8) 

Equations (A) and (8) are equivalent. Equation (A) can 
be expanded for a particular Zo requirement. Equation 
(8) can then be manipulated so that terms and 
coefficients of the two final equations can be 
compared to solve for Z 1, Z2 and K. 

EXAMPLE 

This example is given for the complex impedance 
considered above. 

Require Zo to appear as in Figure A6. 

VRx(=OI 

i1 

(TXI vrx 

;3 

>-_~ ... (:;;RXI 

Vii x 
K 

ZF = Z2 in order to maintain IVRXI signal at RX pin 
as it appears on 4W line. 

FIGURE A5. 
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Zo (= zLI = RIL (1+ .T) + R2L 
(I +.T) 

FIGURE A8. 

From Equation A, it can be shown that for Zo above 

H = (R1L + 4RR2L - 2R) (1 ST[ 2R - R1L 1) 
x -. R1L + R2L - 2R)J 

(1 + sT) 
(C) 

Consider Equation (8). Assume Z1 and Z2 have the 
form Nx/Ox. Thus Equation (8) reduces to: 

H = K [ 2N 10 2 + N20 1(1 -11k)] (0) 
N1 0 2 

Comparing terms in Equations C and 0: 

N102 = (1 + sT) 

Let N1 = 1, Z1 and Z2 can be configured thus: 

ZI --+ CI ---I t--- = S~1 

Zz--' 

I 
I 
I RS. 

I H ~~+--------+~~ L.::. _____ _ 

* AS" 300n Will ENSURE STABILITY OF THE CIRCUIT 

*If Cf IS OPTIMIZE!) TO FLATTEN TRANSMIT FREQUENCY 
RESPONS~ 

Rl 

RX 

Substituting for Z1 and Z2, equation 0 reduces to: 

[ 
i - sR2(C1 [\-KK] -C2)] H = 2K x 

(1 + sT2) 
(E) 

Comparing terms in equations (C) and (E), the 
following working formula for Z1 and Z2 and K are 
derived: 

(1 ) 

(2) 

K: K is a constant and is configured as a potential 
divider. 

t 
KVyX 

if RP1 = 
RP2 

n 
where n is an integer 

then 2n (R1L + R2Ll - 2R (3) 
1 + n 4R 

Z1: C1 = C2L [ 2R2L J (4) 
10R - (R1L + R2Ll 

The final circuit configuration will take account of the 
complex impedance transform network, and the 
balance network derived in Equation 1. The circuit is 
illustrated in Figure A7. 

T' 

slie ]-
TX R' 

r---, 
L-_~_..J 

NOTE: All RESISTORS AMD CAPACITORS SHOULD IE SCALED BY 
1OX-+100X TO AVOID LOADING DOWN OP AMPS. 

YTX 

FIGURE A7. BALANCING AND MATCHING THE HCo550X SLiC 
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APPENDIX B 
COMPLEX LINE IMPEDANCE MATCHING WITH SLiC 

~ 
RF RF VO 

_Vs 

VM = VTI 
2 @MATCH 

FIGURE B1. TWO TO FOUR WIRE TRANSMISSION. SINGLE ENDED AC EQUIVALENT 
CIRCUIT OF SUBSCRIBER LOOP. 

Consider Figure B1. Assume VRX = O. (2W to 4W 
transmission) 

At match: 

is VT 

2Zo 

Zo = 2RF + Zo' 

Zo' = Vo 
is 

Vm 

Zo 

Vs = isRF, :. Vs = 

:. Vm 

(2RF + Zo') 

(2RF + Zo') 
(isRF)-'----' 

RF 

x Vm 

(2) in (1) for Vm, and Zo = 2RF + Zo' 

Vo = 2VS((2ZROF)-1) 

Equation (2) 

Vo = Zo', is = isZo - 2isRF 

but Vm = isZo; :. Vo = Vm - 2isRF Equation (1) 
This matching equation can be realized as shown in 
Figure B2. 

VT 

RF 

r 
20 

RF 

+­Vs 

ZR 

VO ZR 

ZR 

KZRF 

K IS A LINEAR INTEGER 
SCALING FACTOR 

FIGURE B2. FOUR WIRE TO TWO WIRE TRANSMISSION 
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RF RF 
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FIGURE 83. 

Transhybrid Salance 

Consider Figure S3. Evaluate VTX in terms of VRX, in 
order to establish transhybrid balance equation. 

For general case, let line transhybrid impedance be ZS. 

Vo = -2 [ VRX + v; + v;xJ Equation (1) 

Vm = -2Vs = 
-2RF 

x Vo 
2RF + Zs 

VTX = 
(Zo) 

x Vo 
(2RF + ZS) 

Equation (2) 

From Equation (1): 

VRX = - [vo + Vm 
2 2 

+ v:x] 

[ Zs + Zo J x Vo 2VRX =-
2RF + Zs 

VR~ = 
-(ZS + Zo) 

2(2RF + ZS) 
x Vo Equation (3) 

Compare Equations (2) and (3): we need to scale 
Equation (3) by: 

Zo (ZS: ZO) in order to equate to Equation (2). 
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R 

2R 

2R 

VM K2RF 

Vilx 

VRX = EQUATION (3). 
Zo 

V'RX 
Zo 

2(2RF + ZS) 
x Vo 

:. V'RX -VTX . 

2 

Transhybrid balance can be achieved using simple 
summing amplifier network. 

If Zs = Zo then Equation (3) becomes: 

VRX = -(Zo) x Vo 
(2RF + Zo) 

Equation (4) 

and Equation (2) becomes: 

VTX = Zo x Vo 
2RF + Zo 

Equation (5) 

:. VTX = -VRX and TH balance is achieved using a 
resistive summing amp network. The complete app­
lication circuit is shown in Figure S4. 
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FIGURE 84. APPLICATION OF SECOND LINE IMPEDANCE MATCHING ALGORITHIM. 

NOTICE: Information contained in application notes is intended solely for general guidance,' 
use of the information for user's specific application is at user's risk. 
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FOR YOUR INFORMATION 

No. 550 Harris Analog 
USING THE HA-2541 

Alan W. Hansford 

Introduction 
In response to an industry wide need for a faster, unity 
gain stable, monolithic operational amplifier, Harris 
Semiconductor has designed and manufactured the 
HA-2541 device. 

This fully differential op amp has an unprecedented set of 
dynamic parameters which should be most useful for 
demanding designs in video, data acquisition, robotics, 
and RF systems. These devices' capabilities may also be 
utilized when existing systems must be upgraded or 
modified for additional performance. 

The HA-2541's outstanding features include gOns settling 
time, 250V /IlS slew rate, and 40MHz unity gain bandwidth, 
which until recently, could only be achieved through 
hybrid configurations. 

The applications information which follows, points in the 
direction where a vast number of application circuits 
await the HA-2541. 

Pro to typing 
As with any high performance device, care should be 
taken in prototyping so as not to undermine the perfor­
mance characteristics of the HA-2541. Several simple do's 
and don'ts should avoid most design problems. Standard 
high frequency layout techniques are strongly recom­
mended in order to gain the full benefit of the HA-2541's 
capabilities. The first is proper mounting of the HA-2541 
through a ground plane. Since sockets tend to extend the 
lead length and increase parasitic capacitance, they are 
not recommended. If sockets must be used, Teflon types 
are preferred. The mounting of the feedback components 
should be as close as practical to the HA-2541 and on 
Teflon standoffs. 

The wide bandwidth of the HA-2541 makes it prone to 
unwanted high frequency poles if large value feedback 
resistors are used (10K ohms). This calls for low value film 
type resistors. Actual component values may depend 
heavily on layout implementation. It is therefore sug­
gested that early protolyping be done to verify the quality 
of operation and to optimize component values. Addition­
ally, power supply decoupling as close to the power pins 
as possible, is recommended. 

Thermal Considerations 
(Also Refer to Application Note 556) 

needed. This, along with the high output capacity of the 
HA-2541, means that the package must dissipate a large 
amount of heat. 

The device's junction temperature upper limit is 1750C. 
This places a restriction on the power output at elavated 
ambient temperatures. The charts below mark the accept­
able region of operation with and without a heat sink 
(Thermalloy Z240A or 56028 are acceptable units and the 
ones used in the construction of the charts). The curves 
assume proper installation including the use of heat con­
ductive compounds to facilitate the energy transfer. 

CHART 1. TO-a METAL CAN (HA2-2541-X) 

MAXIMUM 
POWER DISSIPATION 

2.0....,.;;;;;;;;;;;pi~'T--r-..., 

Oia: 660CIW 
Oil: '" 3DOCIW 

0.5 +---t---+-----I----j 

25 

HEAT SINK 
THERMALlQY#2240A 

8sa=27oCfW 

50 75 100 
AMBIENT TEMPERATURE (DCI 

125 

NOTE: For maintaining maximum junction temperatures below +17SoC, 
derate at 1S.2mW/oC beyond +68oC ambient. 

CHART 2. 14 PIN DIP PACKAGE (HA1-2541-X) 

MAXIMUM 
POWER DISSIPATION 

2.0 "'F--;;;;;,;i""""--~-I---' 

1.5 +-"'oo::-t----t---'IIl---j 

~ 
!:i 1.0 +---1---+"',.,---1-----"'11 
!. 

0.5 +---t---+----I-----l 

25 

HEAT SINK 
AAVID#56028 
851'" 15DC/W 

50 16 100 
AMBIENT n:.MPERATURE (DC) 

125 

In order to achieve the 250V /Ilsec slew rate that the NOTE: For maintaining maximum iunction temperatures below +1750C. 
HA-2541 is capable of, a high quiescent power level was derate at 11.0mW/oC beyond +250C ambient. 
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Performance Enhancements 

The HA-2541, like any other high performance device, has 
certain design features, which give the HA-2541 its excel­
lent wideband performance. Although the HA-2541 has 
been laser trimmed to mininiize offset voltage, an external 
potentiometer connection has been provided to reduce 
this even more. Figure 1 illustrates the suggested offset 
adjustment. 

The input OC performance is improved by the use of bal­
anced input impedances on the two input terminals of the 
device. Figure 2 illustrates this technique which greatly 
reduces any effects caused by the input offset currents. 

The input signal can be given even more isolation from the 
effects of input bias currents with the use of FET buffered 
inputs as shown in Figure 3. The reduction of the input 
bias currents is quite large, which makes the FET 
HA-2541 combination an excellent choice for low current 
applications such as atomic particle detectors (radiation 
counter circuitry). 

'Offset Adiustment Range Is Approximately ± 8mV for RT = 5Kll 

FIGURE 1. SUGGESTED METHOD FOR NULLING VOS 

15 +15 

Al 

~-- --0---+---1 

'Value should be 
determined experimentally 
for optimum performance. 

1---1t---i~ 

FIGURE 3. BUFFERING THE HA-2541 INPUTS WITH FETS. 

Applications 

The HA-2541 is a very versatile device with applications in 
nearly every area of its bandwidth. Perhaps one of the best 
ways to gain some familiarity with the part is by examining 
its use in some of the more straightforward applications. 
The Wein Bridge oscillator in Figure 4 is just such an ap­
plication. 

The HA-2541 is well suited for use as the heart of an oscil­
lator circuit. In spite of the rUdimentary diode limiting 
provided by R3 - R7 and 01 & 02, a good quality sine wave 
of 40MHz is readily attainable with an upper limit of 
50MHz which exceeds the unity gain bandwidth of the 
HA-2541. 

R1C1 and R2C2 prov.ide the required regenerative feed­
back neec;led for adequate frequency stability. In theory 
the feedback network requires a gain of three to sustain 
oscillation. However, the practical gain needed is just over 
three and is prOvided for by RS and Rg. 

Req = .!!!.!!!.. 
'RI + RI 

FIGURE 2. MINIMIZING THE EFFECTS OF OFFSET CURRENT 

H2 
50011 

HP2e35 

.15 

15k 

He 

H5 5k 
Hg 

He 15K 

·15 

FIGURE 4. 40MHz WEIN BRIDGE OSCILLATOR 
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High power amplifiers and buffers are in use in a wide 
variety of applications. Many times the "high power" 
capability is needed to drive large capacitive loads as well 
as low value resistive loads. In both cases the final driver 
stage is usually a power transistor of some type, but 
because of their inherently low gain, several stages of pre­
drivers are often required. The HA-2541, with its 10mA 
output rating, is powerful enough to drive a powertransis­
tor without additional stages of current amplification. 
This capability is well demonstrated with the high power 
buffer circuit in Figure 5. 

The HA~2541 acts as the pre-driver to the output power 
transistor. Together, they form a unity gain buffer with the 
ability to drive three 50 ohm coaxial cables in parallel, 
each with a capacitance of 2000pF. The total combined 
load is 16.6 ohms and 6000pF capacitance. 

Video 
One of the primary uses of the HA-2541 is in the area of 
video applications. These applications include signal 
construction, synchronization addition and removal, as 
well as signal modification. A wide bandwidth device such 
as the HA-2541 is well suited for use in this class of 
amplifier. This, however, is a more involved group of ap­
plications than ordinary amplifier applications since 
video signals contain precise DC levels which must be re­
tained. 

The addition of a clamping circuit restores DC levels at 
the output of an amplifier stage. The simple form of the 

53Zpl 

5DIl 

circuit is shown in Figure 6A with a capacitor and analog 
switch added to the inverting amplifier configuration. The 
switch closes during a certain portion of the incoming 
signal. This causes the capacitor to charge to a value 
which represents the OV reference of the input waveform. 
The shorting action of the switch causes the output of the 
HA-2541 to go to OV during the OV reference of the input 
signal. 

This simple amplifier/clamping circuit has several draw­
backs. The largest is the drain on the holding capacitor by 
the input bias currents of the HA-2541, with the resulting 
change in the reference voltage. This condition is easily 
addressed with the use of an HA-5320 sample and hold. 
The low output impedance of the sample and hold can 
easily provide the required input bias current for the 
HA-2541 without draining the holding capacitor. The 
result is a constant DC reference between the scan lines 
of the video signal. 

The second drawback of the simple amplifier/clamp 
results from the color synchronization information being 
transmitted along with the 0 Volt DC reference level. 8y 
closing the analog switch, the color burst is passed 
through the low impedance capacitor to ground and con­
sequently lost. This situation is remedied by placing a 
3.57MHz trap in series with the analog switch and holding 
capacitor. This will block the color burst signal and allow 
it to be passed to the output as an amplified signal. Figure 
68 shows both the "trap" and the sample and hold refer­
ence additions to the simple amplifier with DC restore. 

LOAD 16.61l: 6000 pF 
DR 

1 Z.51l: 6DDDpF 

FIGURE 5. DRIVING POWER TRANSISTORS TO GAIN ADDITIONAL CURRENT BOOSTING 

1DK 

IK 

7SH 
HI·2D1HS i 5K 

+15 

FIGURE 6A. SIMPLE DC RESTORER FIGURE 6B. IMPROVED VIDEO DC RESTORER 
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The amplifier designs to this point work with the full video 
signal or the "composite" signal. The HA-2541 has several 
applications one stage back, in the construction of the 
composite signal itself. 

The composite video signal has several components 
which must be combined to create the final waveform. 
One that has already been used is the 0 volt reference and 
the color burst combination. Two others are the hori­
zontal synchronization pulse and the video picture 
information. 

I I lK 

lK 
1J U L 

lK 
-<l O~--

r 
3.57MHz : 

TRAP 

U Ur----, L 0-1>0---- -

The circuit in Figure 7 is a traditional summing amplifier 
configuration with the addition of the now familiar DC 
clamping circuit. The operation is quite simple in that 
each component (synchronization, color burst, picture 
information, etc.) of the composite video signal is applied 
to its own input terminal of the amplifier. These combine 
algebraically and form the composite signal at the output. 
The clamping circuit (if used) restores the 0 volt reference 
of the composite signal. 

unl 

/ 
I 

5K 
L 

i +15 

FIGURE 7. SUMMING AMPLIFIER FOR COMPOSITE VIDEO PLUS CLAMPING CIRCUIT 

One drawback resulting from the algebraic addition of the 
input waveforms is the requirement that each input 
component exist only during the period that it is needed in 
the composite signal. An example of this is the color burst 
which can be present at its input terminal only during its 
portion of the composite signal since no gating circuitry is 
available. 

The multiplexer circuit in Figure 8 can be used for video 
signal construction by gating each component through to 
the HA-2541 as it is required. The inherent channel sepa­
ration of the multiplexer allows each component of the 
composite signal to be continuously present at the input. 
This has several important implications. The first is that 
the duration of each component of the signal is precisely 
controlled by a digital timing chain (which can be easily 
reproduced at remote locations with high precision). 
Second, the only analog signals needed are the color 
burst and the picture information. All reference signals 
such as the horizontal synchronization, the 0 volt 
reference, and the previously unmentioned vertical 
synchronization signals can be simulated with accurate 
DC references. These are gated, along with the other 
components, to form the composite video signal. 

An extension of the multiplexed signal construction 
technique is a type of signal modification. When several 
cameras are used together without a common synchroni­
zation Signal, they are not easily combined for speCial 
effects and switching. A solution to this problem would be 
to strip the synchronization pulses off of each of the in­
comin'g camera waveforms and apply a new common 

synchronization pulse. The new pulse will enable switch­
ing equipment to combine the separate signals for 
whatever effect is needed. 

It should be noted that widely varying horizontal speeds 
may necessitate the use of analog delay chains with the 
synchronization technique. This will produce pictures of 
compatible quality and proportion (vertical speed is more 
constant and contains a dead zone for any differences, 
vertical retrace). 

All RESISTORS SK! I 
SWITCHES HI·5051 

FIGURE 8. MULTIPLEXING WITH HA-2541 
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The multiplexer system used for video signal construction 
has other applications of interest. The concept of combin­
ing several channels into one can be reversed to form a 
demultiplexer, where the function is to take several com­
bined channels and separate them into their original form. 
This type of application can be implemented to solve 
some well-known industrial problems. 

The multiplexer/demultiplexer scheme is readily adapted 
to the industrial remote controller system where several 
sensors must communicate over transmission lines to the 
controller. With the multiplexer/demultiplexer configura­
tion a very large number of sensors are able to 
communicate with the controller over extended distances 
through a single coaxial line. 

The wide bandwidth of the HA-2541 coupled with its high 
output rating make it an excellent component of multi­
plexed data systems. Several schemes of signal switching 
can be used at the multiplexer end of the system. The 
HI-5051 switch is well suited for this application espe­
cially in the differential configuration shown in Figure 8. 
The charge injection due to switching channels in and out 
of the circuit is minimized in this differential mode. A reset 
pulse aligns the system synchronization and provides the 
basis for channel separation in the demultiplexer section. 
As the channels are sequentially placed at the HA-2541 in­
put, they are transmitted to the demultiplexer circuit. In 
Figure 9 the HA-5320 sample and hold acts as a buffer for 
each channel and provide a reference source when the 
other channels are being addressed. Another plus in this 
demultiplexer circuit is the capability of "de-glitching" the 
information by simply shifting the clocking rate so as to 
place all channels in the hold mode during the presence of 
input spikes. 

Write Amplifier 

The recent proliferation of industrial and computerized 
equipment containing programmable memory has in­
creased the need for reliable recording media. The 
magnetic tape medium is presently one of the most widely 
used methods. The primary component of any magnetic 
recording mechanism is the "write" mechanism. In sup­
port of this area the circuit of Figure 10 is presented. 

The concept of the write generator is very basic. The digi­
tal input causes both a change in the output amplitude as 
well as a change in frequency. This type of operation is 
accomplished by altering the value of a resistor in the 
standard twin tee oscillator. An HI-201 analog switch was 
used to facilitate the switching action. The effect of the ex­
ternal components on the feedback network requires R6A 
and R6B to be much smaller than would normally have 
been expected when using the twin tee feedback scheme. 
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HA-5320 

I.t----_-==A>-j~>'tt-~I/'-<H 

~ 

HA·;,20 ;K 

;K 

;K 
HA·532D 

FIGURE 9. DEMUL TIPLEXING WITH HA-2541 

10K 10K .1; 

" " C3I 390PI 

22Qpl -=- Z2Dpl 
HI-200 

r------, o-tf __ ~ 

10K R2 RIO UK 

-I; 

FIGURE 10. USING HA-2541 AS A WRITE AMPLIFIER 



Application Note 550 

The output seen in the photograph of Figure 11 is limited 
with the aid of 01, 02 and R4-R7. This is aided by fixing 
the gain of the amplifier to just over three with R8 and R9. 

DIGITAL 
INPUT 

ANALOG 
SIGNAL 

5V PER 
DIVISION 

lj.ts PER 

DIVISION 

2V PER 
DIVISION 

FIGURE 11. DIGITALLY CONTROLLED OUTPUT OF 
WRITE AMPLIFIERS 

Composite Amplifier 

The wide bandwidth of the HA-2541 can be used to extend 
the dynamic range of other useful but frequency limited 
amplifiers. The HA-5170 is an excellent example of this 
adaptation. The precision DC characteristic of the 
HA-5170 are augmented by the bandwidth of the 
HA-2541. This produces a composite amplifier which ap­
proximates the DC performance of the HA-5170 and the 
frequency range of the HA-2541. 

The circuit in Figure 12 has been optimized for operation 
in the neighborhood of 15MHz. Optimization is quite 
simple and is accomplished largely through CA. If a lower 
frequency region of operation is desired, an additional 
capacitor, C2, will give greater flexibility in the choice of 
component values. 

Programmable Amplifier 

Often a circuit will be called upon to perform several func­
tions. In these situations the variable gain configuration of 
Figure 13 may be quite useful. This programmable gain 
stage depends on CMOS analog switches to alter the 
amount of feedback and thereby the gain of the stage. 
Placement of the switching elements inside relatively low 
current area of the feedback loop, minimizes the effects of 
bias currents and switch resistance on the calculated gain 
of the stage. Voltage spikes may occur during the switch­
ing process, resulting in temporarily reduced gain be­
cause of the make-before-break operation of the 
switches. This can be minimized by providing a separate 
voltage divider network for each switched gain. 

2K 

1K 

C'IIO" 

FIGURE 12. COMPOSITE AMPLIFIER 

soon 

500n 

Q]K ______ ...1 

900ll 

" 
" _ ------' 

gon 

-------------' 
HI-200SWITCHES 

911 

FIGURE 13. A GAIN PROGRAMMABLE HA-2541 
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RECOMMENDED TEST PROCEDURES FOR 
OPERATIONAL AMPLIFIERS 

Authors: Wes Kilgore and Brian Mathews 

Introduction 
The following text describes the basic test procedures that 
can be used for most Harris Op-Amps. Note that all meas­
urement conversions have been taken into account in the 
equations stated. 

1) Offset Voltage 
The offset voltage VIO of the amplifier under test (AUT) is 
measured via test circuit 1 as follows: 

1. 5et +V and -V supplies to values specified in Table 1, 
Column 1 and VOC to zero volts. 

2. Close 51 and 52, open 53. 

3. Choose: Rf = 50K for non-precision amplifiers. 
Rf = 5M for precision amplifiers. 

4. Measure voltage at E in volts (label as E1). 
VIO = E1 (mV) for Rf = 50K 

or 
VIO = E1 *10 (IlV) for Rf = 5M 

The gain of this circuit with Rf = 50K (Rf = 5M) requires the 
output to be driven to 1000 (100,000) times the offset 
oltage necessary to maintain the output of the AUT at zero 
volts. Note that the AUT output is always identical to VOC. 
Overall circuit stability is maintained by the adjustable feed­
back capacitor CA. 

2) Input Bias Current 
The bias current flowing in or out of the positive terminal of 
the AUT (lB+) is obtained using test circuit 1 by: 

1. Measuring E1 as in procedure 1 (use R5 = 100K for 
JFET input devices). 

2. Maintain VOC at zero. 

3. Close 52, open 51 and 53. 

4. Measuring voltage at E in volts (label as E2). 
IB+ = (E1 - E2) x 100 (nA) for Rf = 50K, R5 = 10K 

or 
IB+ = (E1 - E2) x 10 (nA) for Rf = 50K, R5 = 100K 

The bias current flowing in or out of the negative terminal 
(IB-) is found by: 

1. Following steps 1 and 2 for IB+. 

2. Closing 51, opening 52 and 53. 

3. Measuring voltage at E in volts (label as E3). 
IB- = (E1 - E3) x 100 (nA) for Rf = 50K, R5 = 10K 

or 
IB- = (E1 - E3) x 10 (nA) for Rf = 50K, R5 = 100K 

3) Input Offset Current 
Using test circuit 1, the input offset current 110 of the AUT is 
determined by: 

1. Measuring E 1 as in procedure 1. 

2. Maintaining VOC at zero. 

3. Opening 51, 52 and 53. 

4. Measuring voltage at E in volts (label as E4). 

110 = (E1 - E4) x 100 (nA) for Rf = 50K, R5 = 10K 
or 

110 = (E1 - E4) x 10 (nA) for Rf = 50K, R5 = 100K 

4) Power Supply Rejection Ratio 
Both positive and negative P5RR's are measured via test 
circuit 1. For P5RR+: 

1. Close 51 and 52, open 53. 

2. Choose: Rf = 50K 

3. 5et VOC = 0, +V = 10V, and -V = -15V. 

4. Measure voltage at E in volts (label as E5). 

5. Change +V to +20V. 

6. Measure voltage at E in volts (label as E6). 

P5RR + = 20 1091O I ~5~61 (dB) for Rf = 50K 

5imilarly for P5RR-: 

1. Follow steps 1 and 2 for P5RR+ above. 

2. 5et VOC = 0, +V = +15V, -V = -10. 

3. Measure voltage at E in volts (label as E7). 

4. Change -V to -20V. 

5. Measure voltage at E in volts (label as Ea). 

P5RR- = 20 10910 I E;~al (dB) for Rf = 50K 

5) Common Mode Rejection Ratio 
The CMRR is determined by adjusting test circuit 1 as 
follows: 

1. Close 51 and 52, open 53. 

2. Chose: Rf = 50K 

3. 5et +V = +5V, -V = -25V, and VOC = -10V. 

4. Measure voltage at E in volts (label as Eg). 

5. 5et +V = 25V, -V = -5V, and VOC = 10V. 

6. Measure voltage at E in volts (label as ElO). 

1
2X1041 

CMRR = 20 10910 Eg-ElO (dB) for Rf = 50K 
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6) Output Voltage Swing 
Test circuit 2 is adjusted to measure Vout+ and Vout- the 
procedure is: 

1. Select appropriate +V and -v supply values from 
Table 1, Column 1. 

2. Select specified RL from Table 1, Column 2. 

3. Set Vin = 0.5V. 

4. Measure voltage at E in volts. Vout+ = E (volts) 

Similarly Vout- is found by: 

1. Selecting specified RL from Table 1, Column 1. 

2. Setting Vin = -0.5V. 

3. Measuring voltage at E in volts. 
Vout- = E (volts) 

7) Output Current 
The output current corresponding to the output voltage of 
procedure 7 is found by: 

1. Measuring Vout- and Vout+ as in procedure 7. 

Vout+ 

lout+ = RL where RL is from Table 1, Column 2. 

Vout-

lout- = RL where RL is from Table 1, Column 2. 

8) Open Loop Gain 
Both positive Avs+ and negative Avs- open loop gain 
measurements are determined by adjusting test circuit 1. 

For Avs+: 

1. Close S1, S2 and S3. 

2. Select specified RL from Table 1, Column 3. 

3. Set Rf = 50K. 

4. Set VOC = OV, +V = +15V, and -v = -15V. 

5. Measure voltage at E in volts (label as E13). 

6. Set VOC = 10V. 

7. Measure voltage at E in volts (label as E14). 

10 

Avs+ = E14 - E13 (V!mV) for Rf = 50K 

For Avs-: 

1. Follow steps 1, 2, 3, 4, and 5 above. 

2. Set VOC = -10V. 

3. Measure voltage at E in volts (label as E15). 

10 

Avs- = E13 - E15 (V!mV) for Rf = 50K 

9) Slew Rate 
Test circuit 3 is used for measurement of positive and 
negative slew rate. For SR+: 

1. Select specified RL, ACL, and CL from Table 1, 
Columns 4, 5 and 6. 

2. Apply a positive step voltage to VAC (refer to data 
book for test wave form). 

3. Observe /1 V and /1 T at E. A standard approach is to 
use the 10% and 90% pOints or else the 25% and 75% 
points on the wave form. 

OUTPUT 
100% --------------------, .... _______ _ 

:: ========----+~----==================== 50% ------------ f1V _______________________ _ 

~~: :::::::::---+- -::: :::::::::::::::::::: 
0% I~ 

SR = f1V 
AT 

For SR- repeat above procedure with negative input pulse. 

SR- = !J.V 
AT 

10) Full Power Bandwidth 
Full power bandwidth is calculated by: 

1. Measuring slew rate as above in procedure 11. 

2. Measuring Vout+ as in procedure 7. (Typically Vout+ 
is assumed to be the guaranteed minimum Vout, 
usually 10V.) SR+ 

FPBW = 2n Vout-peak 

11) Rise Time, Fall Time and Overshoot 
The small signal step response of the AUT is determined via 
test circuit 3. The procedure requires: 

1. Selecting the appropriate RL, ACL, and CL from Table 
1, Columns 4, 5 and 6. 

2. Applying a positive input step voltage for rise time T r 
and positive overshoot OS+. 

Applying a negative input step voltage for fall time Tf 
and negative overshoot OS-. 
(Refer to data book for input wave forms.) 

3. Observe output of AUT noting the key points as 
shown. 

OVERSHOOT 
Vpeak -----

Vfinal---------
(TYP. = 200mV) 

90%-- - ---------------- -

0 10% - 1-:~::::::::::::::::~:i - --""""---

Tr = Tr2 - Tr1 
Tf = Tf2 - Tf1 

Tf1 Tf2 

as = Vpeak - Vfinal x 100 (%) 

V,inal 
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12) Settling Time 
Test circuit 6 is appropriate for settling time (TS) measure­
ment, the procedure is: 

1. Select R1 and R2 such that AUT is at the ACL stated in 
Table 1, Column 5. 

2. Select R3 and R4 so that R3 ~ 2R1 and R4 ~ 2R2 
with the condition that the ratio R3 = R1 be main-
tained. R4 R2 

3. Apply step voltage as specified in data book. 

4. Measure the time from t1 (time input step applied) to 
t2 (the time Es settles to within a specified percentage 
of Vout - see data book). ts = t2 - t1 

NOTE: Clipping diodes 01 test circun 6 prevent overdrive 01 oscillo­
scope. (Recommend last Schottky diodes.) 

13) Gain Bandwidth Product 
Test circuit 4 is used for measuring GBP. The procedure is: 

1. Sweep Vin thru the required frequency range. 

2. With a network analyzer view gain (dB) versus 
frequency as below. 

FREQUENCY (Hz) 

3. At the voltage gain of interest Av determine the corre­
sponding frequency FC. Note that chosen Av must be 
greater than or equal to that stated to that stated in 
Table 1. GBP = Av x FC (Hz) where Av is in VN 

14) Phase Margin 
(Network Analyzer Method) 

Test circuit 4 is used to obtain phase margin measurement. 
The procedure is: 

1. Sweep Vin thru the required frequency range. 

2. Display gain in dB and phase in degrees versus 
frequency on analyzer as shown. 

GAIN (dB) 

"",,-11 
OdB,Co • FREQUENCY 

P1 ------ } PHASE MARGIN 

1SOO-----------
PHASE 

3. At a gain of 0 dB, record frequency f1 and corre­
sponding phase P1. Phase margin = 1800 - P1 0 

15) Input Noise Voltage 
Test circuit 5 is designed for measuring input noise voltage. 
Use of the Quantec Noise Analyzer is recommended to 
obtain measurements at 1 Hz bandwidth around a specific 
center frequency. The procedure is: 

1.SetRg =0 

2. Set circuit card to gain of 10. 

3. Select measurement frequency of interest. 

4. Record noise voltage (label as En1). 
Units are nVlJHZ 

16) Input Noise Current 
Using test circuit 5, the input noise current is obtained by: 

1. Measuring En 1 as above for the desired frequency of 
interest. 

2. Adjust Rg so that Vo > 2En1 (label Vo as En2). 

In = V En22 - En12 - 4kTRg 

Rg2 

Where K = 1.38 x 10-3 (Boltzmann's Constant) 
T = 3000 C (270 C) 

17) Channel Separation (Cross Talk) 
Test circuit 7 is used to measure channel separation (CS). 
The procedure is as follows: 

1. Apply Vin at the frequency of interest to input of 
channel 1. 

2. Measure V01. 

3. Measure V02 of channel 2. 

I V02 I 
CS = 20 1091O 100 V01 dB 
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PART NUMBER 

HA-2400/04/05 

HA-2500/02/05 

HA-2510/12/15 

HA-2520/02/05 

HA-2539 

HA-2540 

HA-2541 

HA-2542 

HA-2600/02/05 

HA-2620/02/05 

HA-2640/05 

HA-4741 

HA-5101 

HA-51 02/04 

HA-5111 

HA-5112/14. 

HA-5127 

HA-5130/05 

HA-5134 

HA-5137 

HA-5141/12/14 

HA-5147 

HA-5151/12/14 

HA-5160/62 

HA-5170 

HA-5180 

HA-5190/95 
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TABLE 1. 

PARAMETERS TO MEASURE 

Vout AyS SLEW RATE, OS, TR, TF 

(1) (2) (3) (4) (5) (6) 
SUPPLY VOLTAGE (+V) RL(K) RL(K) RL(K) ACL CL(PF) 

15 2 2 2 1 50 

15 2 2 2 1 50 

15 2 2 2 1 50 

15 2 2 2 3 50 

15 1 1 1 10 10 

15 1 1 1 10 10 

15 2 2 2 1 10 

15 1 1 1 2 10 

15 2 2 2 1 100 

15 2 2 2 5 50 

40 5 5 5 1 50 

15 10 2 2 1 50 

15 2 2 2 1 50 

15 2 2 2 1 50 

15 2 2 2 10 50 

15 2 2 2 10 50 

15 0.6 2 2 1 50 

15 0.6 2 2 1 100 

15 2 2 2 1 50 

15 0.6 2 2 5 50 

+5/0 50 50 50 1 50 

15 0.6 2 2 10 50 

15 10 10 10 1 50 

15 2 2 2 10 50 

15 2 2 2 1 50 

15 2 2 2 1 50 

15 0.2 0.2 2 5 10 
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RI 

TEST CIRCUIT 1 

+v -v 

IDOl! 

ACL = I + ~ 
RI 

RL = IRF + RI)! IRL 

lOOk!! 

RL 

TEST CIRCUIT 4 
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VOC 

+v 

-v RF RL r CL 

- -
RI 

TEST CIRCUIT 3 
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+V ·V 
- - ---- - -- -- --- --I 

QUANTEC NOISE ANALYZER 

22011 
1-+_oVO 

9k!l 

lk!l 

'----------------
TEST CIRCUIT 5 

~--------------_.--~._--_oES 

+V ·V 

R2 

Vo 

-
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USING THE HA-2542 
Richard A. Whitehead 

Introduction 
In the multi-faceted electronics industry, there are many 
circuit applications which require the capabilities of two 
or more types of operational amplifiers in the same loca­
tion. To fulfill this need, design engineers are usually 
challenged with fabricating a discrete amplifier design or 
selecting an expensive hybrid amplifier which appears to 
be an "ALL-IN-ONE" type of amplifier. 

The Harris HA-2542 is a state of the art monolithic device 
which also approaches the "ALL-IN-ONE" amplifier con­
cept. This device features an outstanding set of AC para­
meters augmented by excellent output drive capability 
providing for suitable application in both high speed and 
high output drive circuits. 

Offset voltage nulling and bandwidth controls add flexi­
bility when the HA-2542 is used in performance-tailored 
applications. 

Primarily intended to be used in balanced 50n and 75n 
coaxial cable systems as a driver, the HA-2542 could also 
be used as a power booster in audio systems as well as a 
power amp in power supply circuits. This device would 
also be suitable as a small DC motor driver. 

Prototyping Guidelines 
For best overall performance in any application, it is rec­
ommended that high frequency layout techniques be 
used. This should include: 1) mounting the device 
through a ground plane: 2) connecting unused pins tothe 
ground plane: 3) mounting feedback components on Tef­
lon standoffs and/or locating these components as close 
to the device as possible; 4) placing power supply 
decoupling capacitors from device supply pins to ground. 

As a result of speed and bandwidth optimization, the 
HA-2542's case potential, when powered-up is equal to 
the V- potential. Therefore, contact with other circuitry or 
ground should be avoided. 

Heat Sinking (Also Refer to Application Note 556) 

To drive heavy loads found in typical coaxial cable 
systems, the HA-2542 may require heat sinking to avoid 
exceeding its maximum junction temperature (+1750 C). 
Figure 1 shows maximum power dissipation curves der­
ived for the HA-2542 with and without the recommended 
heat sink. Should another type of heat sink be used, then 
the following expression should be used to determine 
maximum power dissipation. 

TO-S METAL CAN (HA2-2S42-X) 
MAXIMUM 

POWER DISSIPATION 

~ 

2.5 ""I"'"-:--,-----,---r----, 

2.0 +-~~d__+-___1---l 

1.5 +-___1f__-+~n---l 

1.0 +----jf_--+----je.--:,.-1 

8iB"61 0CIW 
(jjc= 290C/W 

D.5+-~f_-+-~f__--i 

25 

HEATSINK 
THERMAllOY#2240A 

Osa=27oCIW 

50 15 100 
AMBIENT TEMPERATURE (DC) 

125 

NOTE: For maintaining maximum junction temperatures below +1750C, 
derate at 16.4mW/oC beyond +750C ambient 

14 PIN DIP PACKAGE (HAl-2S42-X) 
MAXIMUM 

POWER DISSIPATION 

2.5 ""F=;;;"~II-I-l 

2.0 +------j~-~--I----I 

1.0 +---\--+-''''''''.-1---''1 

0.5 +--\--+-___1---1 

25 

HEATSINK 
AAVID#56D2B 
fly = 150C/W 

50 15 100 
AMBIENT TEMPERATURE (OC) 

125 

NOTE: For maintaining maximum junction temperatures below +17SoC, 
derate at 11.4mW/oC beyond +250C ambient. 

FIGURE 1. HA-2S42 MAXIMUM POWER DISSIPATION 
CURVES 

Tjmax - TA 

IIj-c + IIC-s + IIs-a 
Where:Tjmax = maximum junction temperature of 

the device 
TA = Ambient 

IIj-c = Junction to case thermal resistance 
IIc-s = Case to heat sink thermal resistance 
IIs-a = Heat sink to ambient thermal resistance 
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Performance Enhancements 

DC errors can be reduced and AC stability increased by 
recommended adjustments to the control pOints made 
available in the HA-2542 device. The suggested method 
for nulling the offset voltage of HA-2542 is shown in Fig­
ure 2. while Figure 3 suggests the method for controlling 
the bandwidth. Figure 4 shows normalized AC parameters 
versus compensation capacitance. Experimental results 
indicated that approximately l7pF was necessary to sta­
bilize the HA-2542 for unity gain operation. 

., 

'OFFSET ADJUSTMENT RANGE IS 
APPROXIMATELY ±15mV FOR RT - 5K!l. 

FIGURE 2. SUGGESTED OFFSET VOLTAGE ADJUSTMENT 

FIGURE 3. SUGGESTED METHOD FOR INCREASING 
AC STABILITY 

NORMALIZED 
AC PARAMETERS 

REFERREO TO VALUE AT OpF 
I. 3 

J--2 

---
PKASE MARGIN 

I 

o ----,,,,," 
8 ~ 

~ SLEW RATE , r-----
6 

BANDWIDTH~ 

5 
~ t::--.. 

" 15 

COMPENSATION CAPACITANCE· pF 

FIGURE 4. NORMALIZED AC PARAMETERS 

For best high frequency performance. feedback resistor 
values should be restricted to minimal values. Values be­
low 5KO are recommended to reduce possibilities of in­
troducing unwanted poles into the application's transfer 
function. Figure 5 indicates how high values for closed 
loop gain can be implemented, while maintaining feed­
back element values. This method is called "T network" 
feedback and values for the resistors can be derived from 
the following expression. 

Rl= ~ 
Rf - 2R 

Where: Rf is the value of feedback resistance to be re­
duced and R is a value preselected by thedesigner. 

RZ 

WHERE R IS PRESELECTED AND RF 
IS DESIRED FEEDBACK RESISTOR VALUE. 

FIGURE 5. KEEPING FEEDBACK VALUES LOW 

Utilizing some relatively familiar techniques, the input 
bias currents of the HA-2542 can be sharply reduced. Fig­
ure 6 employs discrete FETs to provide input bias cur­
rents in the pA range without appreCiably diminishing the 
AC performance. 

+15 +15 RF 

-~-i 
I 
I 
I 

'Rb1 AND Rb2 SHOULD BE 
DETERMINED EXPERIMENTALLY FOR BEST RESULTS. 

FIGURE 6. USING DISCRETE FETs TO REDUCE THE 
HA-2542's INPUT BIAS CURRENT 

Composite amplifiers are hybrid "marriages" between 
precision and wideband operational amplifiers. Using the 
HA-2542 as the AC device in the composite amplifier 
shown in Figure 7 provides an additional dimension to its 

1K 2K 

10K 

FIGURE 7. COMPOSITE AMPLIFIER CIRCUIT REDUCES 
DC ERRORS 
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capabilities. Now, the hybrid represents a precision type, 
high speed, wideband, power amplifier. 

In this circuit, high frequency amplification tasks are 
performed by the HA-2542 and are set by combination 
R1-C1. The HA-5170 acts as the DC amplifier providing 
precision type input parameters while cascading its DC 
gain with that of the HA-2542. This cascade of gains 
develops very high loop gain for the composite amplifier. 

Applications 
Most attractive to the video system designer is the HA-
2542's combination of speed, bandwidth, and output drive 
capability. Augmenting these features are much desired 
differential gain and phase specifications of 0.1% and 0.2 
degrees respectively. Previously these parameters could 
only be provided by hybrid or discrete component circuit-

75n 

REMOTE 75n 
CAMERA 
INPUTS 

75n 

::::J::. COMP 

-=-

":' 

HI·&!4 

"'-v--" +5V 

TO DIGITAL 
CONTROLLER 

-=-

50n 

FIGURE 9. DRIVING UNBALANCED COAXIAL CABLES 

ry. A primary application which fully utilizes these fea­
tures is the coaxial cable driver. 

The configuration shown in Figure 8 represents a simple 
multi-channel security system. The HA-2542 is being 
operated at a closed loop gain of 2 and is driving a 
balanced coaxial line system which appears as a 50n 
load. The signal throughput from the multiplexer input to 
the coaxial outputs is 1. Experimental results showed that 
coaxial line lengths could exceed 100 feet without ad­
versely affecting video signal quality. 

HA-2542 is capable of 2Vp_p signals to 16MHz in this con­
figuration. Resistor RS is used to trim overall system gain 
to prevent color saturation if the cameras and monitors 
are color types. The controller to the multiplexer could be 
one of several variations including remote, remote wired, 
or automatically time sequenced. 

75n 

75n 

-=-75n TO MONITORS. 
RECORDERS. ETC. 

75n 

FIGURE 8. MULTI-CHANNEL SECURITY SYSTEM 

The HA-2542 is equally at home driving unbalanced co­
xial lines as shown in Figure 9. The system gain is 2 and, 
depending on cable length, compensation capacitance 
may be necessary to provide additional stability. In this 
configuration, the HA-2542 can delivery 10Vp_p signals at 
frequencies above 8MHz. For this application, power re­
quirements will usually necessitate the use of heat sinking 
for the HA-2542. 

Another video type application requiring an op amp with 
excellent speed and output drive is the analog input driver 
of a flash converter circuit. Figure 10 shows the HA-2542 
buffering the input of an 8-bit flash converter. Secause of 
the heavy input capacitance (100pF - 300pF) and high 
number of individual internal comparator inputs (255), the 
impedance of the input is non-linear. A typical high speed 
op amp used in this configuration would exhibit oscilla­
tion tendencies regardless of compensation and isolation 
techniques used. The photograph shown in Figure 10 in­
dicates that the HA-2542 is very stable in this application. 
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+5V -5V 

TRW 

ToC· 10075 
07 
06 
05 
NlINV 
04 
03 
02 
01 
NMINV 

CONVERT 
SIGNAL 

LSB 

ANALOG 
SIGNAL 

5V PER 
DIVISION 

2V PER 
DIVISION 

0.5V PER 
DIVISION 

FIGURE 10. DRIVING THE NON-LINEAR INPUT IMPEDANCE OF FLASH CONVERTERS (ONE INPUT SHOWN) 

Power Supply 

The HA-2542 with its excellent output current could also 
be used as a power source in DC powersupply systems. In 
Figure 11, a simplified digitally programmable power 
supply is shown which utilizes the high output current 
capabilities of the HA-2542. Combination R1-R2 sets the 
gain of the amplifier, while VREF and the "weighted" resis­
tor ladder permit the HI-201 to perform digital selection of 
the voltage to be used. 

FIGURE 11. DIGITALLY PROGRAMMABLE POWER SUPPLY 

Audio 

In studio quality audio systems, the HA-2542 could be 
readily used in driver applications such as a speaker 
driver. Figure 12 shows a method which increases the 
power capability of a drive system for audio speakers. In 
this circuit two HA-2542s are used to operate on half 
cycles only, which greatly increases their power handling 
capability. "Bridging" the speaker as shown makes 
200m A of output current available to drive the load. The 
HA-5102 is used as an AC coupled, low noise, pre­
amplifier which drives the bridge circuit. 

2K 

IK 

2K 

FIGURE 12. BRIDGE LOAD DRIVE FOR AUDIO CIRCUITS 

Another variation of the bridged load type circuit is shown 
in Figure 13a. In this circuit the load voltage is increased 
by a factor of 4. The HA-2542s are connected in a manner 
such that the output voltages will be equal in amplitude 
and opposite in phase. This circuit can also be used to 
drive long lengths of twisted shielded pair cable. 

Boosting Output Current 

If the excellent output current of the HA-2542 requires 
boosting because of extreme loading, then the con­
figuration shown in Figure 13b could be used. In this cir­
cuit, the HA-2542 drives the high power transistor stage 
and provides circuit gain. With the power transistors 
shown, the output drive is increased to several amps. 
Speed and power bandwidth have not been appreciably 
affected. Boosting the output current to these higher 
levels provides for additional implementation into DC mo­
tor drive or bridge transducer drive circuits. 
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-2VIN 

VIN 

VOUTI = 2V1N 

VOUTI- VOUT2 = 4VIN 

FIGURE 13A. DIFFERENTIAL CIRCUIT FOR LINE DRIVING 

The output drive capability of the HA-2542 is highly 
suitable for direct drive applications of small DC motors 
and, since it is an operational amplifier, it can also perform 
the function of motor speed control. This type of closed 
loop system can be found throughout the robotics and 
media recording industries. 

The system shown in Figure 14 consists of the HA-2542, 
a small 12V DC motor, and a position encoder. During 

r 5K 

IK 

-

5K 

H2 
AVCL= -­

HI 

V+ 

FIGURE 138. DRIVER STAGE FOR HIGH POWER 
TRANSISTORS 

5.0 

5.0 

operation, the encoder causes a series of "constant 
width" pulses to charge C1. The integrated pulses 
develop a reference voltage which is proportional to 
motor speed and is applied to the inverting input of 
HA-2542. The non-inverting input is held at a constant 
voltage which represents the desired motor speed. A 
difference between these two inputs will send a corrected 
drive signal to the motor which completel1 the speed con­
trol system loop. 

+5 +5 +5 

3K 3K 

7476 

K I/. II 
H2 I 

12VOC 

PANCAKE 

TYPE 

PH 8 
IK C2 P 

" -II IO., 
, - I 
, I 

\ I '- _________ J 

FIGURE 14. CONTROLLING DC MOTqR SPEED WITH HA-2542 
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HA-S147/37/27, ULTRA LOW NOISE AMPLIFIERS 
By Alan Hansford 

Introduction 
Engineers interested in precision signal processing will 
find the HA-51X7, with its unique features, very interest­
ing. Utilizing an advanced design with special device 
geometries, the HA-51X7 has moved the Harris dielectric 
process into a new arena of both speed and precision. 
Perhaps one of the most remarkable features of the 
HA-51X7 is its ultra low noise performance, which makes 
it the first monolithic amplifier to combine speed, preci­
sion, and ultra low noise operation (Figure 1). 

To realize this device, intense attention was given to the 
"total" design from input to output (Figure 2). 

The input stage consists of a cross-coupled differential 
pair which provides a very high CMRR (125dB) through 
the use of CASCODE circuits. Effective use of the bias 
current cancellation scheme also keeps the bias currents 
to a mere 10nA. With laser trimming of the load resistors 
R1 andR2, the offset voltage is kept below 25/lV at 250 C. 
The entire input stage has been optimized for low noise 
operation and is largely responsible for the amplifier's 
ultra low noise voltage of 3.0nV / jHz @ 1 KHz. Low fre­
quency noise, on the other hand, is particularly important 
in DC applications and the HA-5147's 2.7Hz lower noise 
corner will prove quite beneficial for many users. 

Vos 
Vos DRIFT 
Vos TEMPCO 

Ibias 
los 
NOISE VOLTAGE 
NOISE CURRENT 
OPEN LOOP GAIN 
CMRR 

PSRR 

GAIN BANOWIDTH 
SLEW RATE 
POWER BANOWIDTH 

POWER CONSUMPTION 

PRECISION 
HA-5137 

25J.lV 
lJ.lV/mo. 
O.2J,N/C 
tIOnA 
±7nA 
3.0nV/vHz 
O.4pA/.jHZ 
1.8V/J.lV 
126dB 
120dB 

63MHz 

17VlJ.!s 
270KHz 

90mW 

The loading on R1 and R2 is kept to a minimum through 
the use of emitter followers between the input stage and 
the second differential pair. C4 provides a feedforward 
path around the second stage at high frequencies and 
feeds into the level shifter and current mirror section. This 
portion of the design provides a differential to single­
ended conversion and relies on C2 to tailor the rolloff of 
the second stage. Two vertically-constructed PNP tran­
sistors within the level shifter dramatically increase the 
frequency response of the amplifier compared to that of 
other construction techniques. 

Emitter followers in the fourth stage reduce the capacitive 
loading effects of C1 by providing a separate driver for C1 
and the output stage. The output stage here is a high 
speed buffer that employs complementary transistors as 
well as short circuit protection. 

The high performance features of the HA-5147 have quite 
clearly moved this device closer to the "ideal" than any 
other amplifier in its class. Yet, with some simple external 
components, this device can be positioned even closer to 
the "idea!." An offset nulling potentiometer can reduce 
Vos (Figure 3a), while the already hefty output stage 
(lout = 20mAmin) can be boosted without reducing the ex­
cellent speed and bandwidth characteristics (Figure 3b). 

~ 

HA-5147 
PRECISION 
WIDEBAND 

25J.lV 
lJ.lV/mo. 
O.6J.lV/C 
±8nA 

tIOnA 
3.0nV/.jHz"" 
O.4pA/.jHz"" 

1.8V/J.lV 
125dB 

130dB 

120MHz 

37VIJ.!s 
560KHz 

85mW 

WIDEBAND 
HA-2620 

4mV 
l0J.lV/mo. 
5J.lV/C 
tInA 

:!:lnA 
16nV/.jHZ 

1.6pA/JiiZ 
O.15V/J.lV 
100dB 
90dB 

100MHz 

35V/J.ls 
550KHz 

90mW 

FIGURE 1. 
The HA-5147 combines the qualities of precision Op Amps with those of the wideband speed category. 
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FIGURE 2. 
Intense attention was given to the "total" design from inputs to output. 

OUTPUT 

FIGURE 38. 
Nulling the HA-S147's offset voltage to 0 volts brings it closer to "ideal" 

Low Noise Design 
Since the HA-51X7 is a very low noise operational ampli­
fier, low noise design techniques must be used to make 
the most of this feature. There are two primary means of 
keeping noise down, one requires the amplifier inputs to 
look into low source resistances and the other requires 
bandwidth limiting by filtering. A short outline of noise 
prediction will be presented here to support these 
concepts. 

Noise can be divided into several categories, which in­
clude thermal noise (white nOise) and flicker noise (pink 
noise or 1/f noise). The feedback components are 
strongly dominated by thermal noise making thermal 
noise the most important of these from a system design 
standpoint (an exception to this are high gain DC ampli­
fiers which require low 1/f noise as measured by the noise 
corner). Flicker noise is more a function of the amplifier 
construction quality, and system design variations are 
less effective in reducing this type of noise. 
Noise is usually rated in one of two ways. The first is RMS 
voltage or current (a measure of peak-to-peak noise in a 
given bandwidth) and the second is by noise density 
spectrum in VI JFfi and A/.,fHz (a measure ofthespectral 
content of the noise in the frequency domain), The two 
rating schemes are related, with RMS noise levels 
generated from the integration of the noise density 
spectrum over a desired frequency bandwidth. 

10K 

Hi lK 

Av=I+Rf/Ri?10 

FIGURE 3b. 
The HA-S147's output current can be boosted to ±100mA by using the 
HA-S033. AC performance is not affected. 

As an illustration of noise prediction, the noise density for 
the standard inverting amplifier configuration (Figure 4a) 
will be determined. The total noise is derived from the 
combination of several noise sources, only three of which 
are of any significance. These are the amplifier's noise 
voltage, the thermal noise of the feedback components, 
and the noise generated by the current noise of the ampli­
fier within the feedback components. 

The total noise is defined as the square root of the sum of 
the squares of the individual noise terms. 

En = G (Eamp)2 + (E feedback)2 + (E current noise in)2 
network feedback network 

En = total noise 
G gain of stage 
Eamp = amplifier noise voltage ........ 3.0nVIFz @ f > 1KHz 

Efeedback = J 4KTReq 
network 

where... K = 1.381 E-23 
T = 300 
Req = R II Rf 

E current noise in = I noise Req 
feedback network ~ 

Inoise = O.4pA(y Hz @ f > 1 KHz 

or more specifically ... 

En = G J (Eamp)2 + Req4KT + (Inoise Req)2 
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lal 

Ibl 
DC BIAS CURRENTS 
OPTIMIZED IF 
R,q=RIIRt=Rc 

FIGURE 4. NOISE PREDICTION CIRCUITS 
A reasonable estimate of noise levels can be generated with these two 
basic amplifier circuits. 

Both the amplifier noise voltage and noise current are 
constant above 1 KHz and rise slightly for lower fre­
quencies (Figure 5). The resistor thermal noise is derived 
from the parallel combination of the feedback network 
(Req) and several constants (4KT). The third noise term 
again uses the equivalent resistance of the feedback net­
work (Req) as well as the current noise generated at the 
input terminals of the amplifier. 

It should be evident from the above formula that ex­
tremely large values of Req (especially over 10Kohm) will 
dominate the noise density while low values for Req will 
yield to the amplifier's own noise characteristics. Note 
the asyptotic convergence of the noise voltages in Figures 
3a-3c at low values of Req. 

A second circuit (Figure 4b) balances the effects of input 
bias currents by plaCing a resistor Rc, equal to Req , bet­
ween the non-inverting input and ground. While reducing 
DC errors, this configuration adds two additional terms to 
the noise formula. 

En = G (Eamp)2 + Req4KT + (Inoise Req)2 

... Rc 4KT + (Inoise Rc)2 

The original contributors to output noise remain as before 
and the additional terms represent the thermal con­
tribution by Rc and the associated amplifier current 
noise seen through that resistor. To optimize DC design, 
Rin II Rf = Req = Rc, therefore the noise density equation 
reduces to ... 

En = G V (Eamp)2 + 2Req4KT + 2(lnoise Req)2 

Again the relationship between large values of Req and a 
high noise density spectrum remains. 

12 

10 

r-.. 
VOLTAGE NOISE 

IIIIIIII 
CUl"W~mSE 

111111 
10 100 1K 10K 100K 1M 

FREQUENCY - Hl: 

FIGURE 5. HA-5147 NOISE CHARACTERISTICS 
The HA-5147's exceptional noise characteristics may be used to improve 
existing and new high quality audio systems. HA-5127 and HA-5137 have 
identical noise characteristics. 

RMS noise is derived in part as the integral of the noise 
density spectrum over a given bandwidth. Below is the 
complete expression ... 

Erms (from fO to f 1) = E noise 2 df 
density 
spectrum 

The strict integration assuming En is constant works well 
for fo above"" 1KHz. Both the amplifier's noise voltage 
and the noise current increase for frequencies below 
1 KHz. This makes for difficult integration si nce comp­
licated expressions for Inoise and Eamp must be 
generated. To avoid this problem, graphical integration 
techniques or sampled methods can be used with great 
success. 

The curves in Figures 6a-6c illustrate the relationship 
between the RMS noise and Req for both amplifier de­
signs. It should be apparent from the predicted RMS noise 
curves that increased bandwidth causes an increase in 
noise voltage. An interesting effect of this relationship is 
that only absolute bandwidth (f1-fO) is important. The 
general frequencies of interest (if they are above 1 KHz) 
are irrelevant. More simply, 100Hz of bandwidth near 
10KHz contains as much noise as 100Hz of bandwidth 
near 1MHz. This implies that bandwidth should be res­
tricted with appropriate high and low pass filtering, if the 
lowest noise voltages are to be attained. 

From the previous discussion, it is apparent that low noise 
designs require low resistor values. This is not to say that 
high gain should be avoided, just that low input and 
source resistance values are required for low noise opera-
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-~? "A-SI41 
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I 
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FIGURE 6a. PREDICTED NOISE 

Predicted RMS noise at output for bandwidth of 10KHz· 500KHz 'for HA·5147. 

.. 
C • .~. -II _ r-"-514 

"10-5147 ~ E=~ .. '~-'""'" § -= " ... ·1111'" -= 
I- , 

---
I ~ 

-

" , ... 
FIGURE 8b. PREDICTED NOISE 

Predicted RMS noise at output for bandwidth of 2OHz- 20KHz for HA-5147. 

10K Rl 

"' 
'OK 

FDR THIS CIRCUIT: 
Ay·'DO 

·VAlUE CHOSEN TO 
PROVIOEADEOUATE 
DC BIAS CURRENT 

USE 0.'% METAl,. FILM RESISTORS. 
FOR BEST CMRR MATCH R4/R6 AND RS/R1. 
112 CAN BE MADE ADJUSTABLE. 

FIGURE 7. INSTRUMENTATION AMPLIFIER 
Thanks to higher speed and more bandwidth, this standard three amplifier 
instrumentation amplifier will have 10MHz bandwidth and 550KHz power 
bandwidth. 

tion. Closer examination of the RMS noise formula will 
also show that limiting bandwith, with filtering, will also 
reduce noise levels. Additionally, metal film and wire­
wound resistors have lower excess noise (a component of 
resistor nOise in addition to thermal noise) than carbon 
resistors and are therefore preferred. 

Applications 
Heavily used throughout the world of signal processing is 
the instrumentation amplifier and it is this particular cir-

~~.~ • 1--' r-r- - - ""-514 
"A-"47 'II ~ ":'" -= + R .... llllilt Rc_ R..,.RII",-",= 

f=. -. ~ . 
.Y 

! , .. d7 

I ,,. 
R .... II..,.lIe 

FIGURE Sc. PREDICTED NOISE 
Predicted RMS noise at output for bandwidth of 10Hz -100Hz for HA-5147. 

"._--
.. 

FREOUENCY-Hz 

FIGURE 8. HA-S147 CMRR VS. FREQUENCY 
The instrumentation amplifier's maximum CMRR can now be moved to 
much higher frequencies when using the HA-5147. 

cuit that can best utilize all of the features of the HA-5147. 
By using the HA-5147, the standard 3 amplifier in­
strumentation circuit (Figure 7) is now able to extend its 
bandwidth to 10MHz or its power bandwidth to 500KHz. 
Additionally, the maximum CMRR (>120dB) is extended 
to higher frequencies (Figure 8). Other "error producing" 
input referred parameters of the HA-5147 such as noise, 
Vos, Ibias, Vos drift and temperature coefficients have 
been minimized, thus maximizing the capabilities of this 
application. 
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Rf The high slew rate (37V /I1S) and the excellent output cur-
k"---------1>-----'II\/'v----, rent drive (±20mA min.) make HA-5147 highly suitable as 

an input output buffer amplifier for analog multiplexers 
(Figure 10). The precision input characteristics of the 
HA-5147 help simplify system "error budgets" while its 
speed and drive capabilities provide fast charging of the 
multiplexer's output capacitance. This eliminates any in­
creased multiplexer acquisition time, which can be 
induced by more limited amplifiers. The HA-5147 
accurately transfers information to the next stage while 

ED = Vref I1+RftR; 10/4 effectively reducing any loading effects on the multiplex-

FIGURE 9. LOW LEVEL BRIDGE AMPLIFIER 
Very small bridge signals are sensed and amplified accurately when using 
the preciSion performance of the HA-S147 

Another circuit requiring very accurate amplification of its 
signal is the transducer bridge amplifier (Figure 9). The 
HA-5147, shown in an inverting bridge amplifier con­
figuration, is recommended when it is necessary to detect 
very small bridge level signals. Its high open loop gain 
(>120dB), low noise, and excellent values for Vos, Vos 
drift, and bias current provide exceptional sensitivity to 
the smallest transducer variations. Full scale calibration 
of this circuit is made possible by placing a small valued 
potentiometer in series with Ri. Nulling is accomplished 
with R2. 

TRANSDUCER 
INPUTS 

R; 

Rl 

Rfl 

Rf 

Rf 

':' 

er's output. 

Staying within the realm of signal processing, another 
standard and much used circuit configuration can be 
enhanced by the speed and precision of the HA-5147. A 
precision threshold detector (Figure 11) requires low 
noise, low and stable offset voltage, high open loop gain, 
and high speed. These requirements are met by the 
HA-5147, while adding excellent CMRR and PSRR to the 
list. The standard variations of this circuit can easily be 
implemented using the HA-5147. For example, hysteresis 
can be generated by adding R1 to provide a small amount 
of positive feedback. The circuit becomes a pulse width 
modulator if Vref and the input signal are left to vary. 
Although the output drive capability of this device is ex­
cellent, the optional buffering circuit may be used to drive 
heavier loads while preventing loading effects on the 
amplifier. 

ANALOG MUX 

ADDRESS INPUTS 

MINIMUM 
AMPLIFIER STABLE GAIN 

HI-5147 10 

HI-5137 5 

HI-5127 

TO StH 

>--"f-----7::> 

':' 

SLEW RATE 

35 

20 

10 

FIGURE 10. HIGH SPEED INPUT/OUTPUT ANALOG MULTIPLEXER BUFFERING 
Reduced "error" budgets and higher speeds of operation are easily achieved when the combined speed and 
preciSion of the HA-S1X7 are used in these buffer amplifier applications. 
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"INPUT RESISTORS NECESSARY IF DIFFERENTIAL 
INPUT VOLTAGE EXCEEOS ±IV. 

R* 

SIG. IN o----W ...... --I ) 
R* ) I 

I ) 
'---'VV\r----l 

RI 
(OPTIONAL FOR HYSTERESIS) 

r-­
I 

-, 
I 
I 
I 
I 

I 

I 
__ J 

OPTIONAL OUTPUT 
BUFFERING CIRCUIT 

FIGURE 11. PRECISION THRESHOLD DETECTOR 

This device can be used to increase response times while maintaining 
precise detection. 

Engineers working with professional audio designs will 
find the HA-5147 highly desirable for many of their appli­
cations. With its exceptional noise characteristics (Figure 
5), wide power bandwidth (500KHz), and modest power 
consumption (85mW). this device can be used as a high 
quality audio preamplifier or as an intermediate stage 
gain block. A circuit similar to that in Figure 3b can be in­
corporated into studio or stage monitors. 

The audio preamplifier of Figure 3b has a limited output 
current range. The audio power amplifier in Figure 12 
overcomes this limitation and can provide an even greater 
boost to the HA-5147. 01 and 02 are a complementary 
pair arranged in a push pull manner. with R1 and R2 pro­
viding the necessary drive current. The maximum output 
voltage corresponds to the minimum output current since 

(15-Vbe-Vo)/R1 

is-the drive current to the transistors. 01 and 02 insure the 
proper biasing of the transistors as well as a clean cross­
over from 01 to 02. 

Rl 

INPUT 0-...... ---1 

5DK LOAD 

R2 

10K 
IK 

'/L' 

TAPE r'OK 
HEAD 

*DC BLOCKING CAPACITOR, OPTIONAL, 
TO BLOCK OUTPUT OFFSET VOLTAGE 
IF HA-5147IS NOT NULLED. 

">-_-11-0 

O.OI/L' 

R2 
5.3K 

FIGURE 13. PROFESSIONAL AUDIO NAB TAPE PLAYBACK 
PREAMPLIFIERS 

This NAB tape playback preamplifier fully utilizes the speed. bandwidth. 
and noise features of the HA-S147 

An audio circuit which can make maximum use of the 
speed. bandwidth. and low noise of the HA-5147 is the 
NAB tape playback preamplifier (Figure 13). This circuit is 
configured to provide low frequency boost to 50Hz. flat 
response to 3KHz. and high frequency attenuation above 
3KHz. Compensation for variations in tape and tape head 
performance can be achieved by trimming R1 and R2. 

Signal generation applications will also find this high 
precision device useful. As an astable multivibrator 
(Figure 14) the power bandwidth of the HA-5147 extends 
the circuit's frequency range to approximately 500KHz. Rt 
can be made adjustable to vary the frequency if desired. 
Any timing errors due to Vos or Ibias have been minimized 
by the precision characteristics of the HA-5147. 01 and 
02. if used. should be matched to prevent additional 
timing errors. These clamping diodes may be omitted by 
tying Rt and the positive feedback resistor Rf directly to 
the output. 

(-400KHz) where F.-1/2R,C, 

HIGH POWER OUTPUT 

LOW LEVEL SIGNAL 

249 
TO ADDITIONAL AMPLIFIER 

2.49K 2.S7K 01 

02 

FIGURE 12. HIGH POWER AMPLIFIER FIGURE 14. ASTABLE MULTIVIBRATOR 
The additional drive capability afthe power transistors allows theHA-5147 Higher frequencies of operation and reduced timing errors make the 
to drive very heavy loads. HA-S147 an attractive building block in signal generation applications. 
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+15 

! 
'VALUE CHOSEN TO PROVIDE 

ADEOUATE DC BIAS CURRENT 

AI 

AO 

AO AI 

" " " x 
x " x x 

GAIN 

1 
10 
100 
lDOO 

I ' - - --....I 
I 
I , ' _, _____ ...J 

'-,.---1:>0--'- - - - - - - - -- J ___ J 

HI-201 HS SERIES SWITCHES 

FIGURE 15. PROGRAMMABLE AMPLIFIER 

9K 

900 

90 

Variable gain of 1. 10, 100. 1000 is achieved by selecting the proper amounl 
of feedback with the use of analog switches. 

Often a circuit will be called upon to perform several func­
tions. In these situations the variable gain configuration of 
Figure 15 may be quite useful. This programmable gain 
stage depends on CMOS analog switches to alter the 

ZN36BO 
;-----, 

lK 

Vin Rl 

lK 

amount of feedback and thereby the gain of the stage. 
Placement of the switching elements inside the relatively 
low current area of the feedback loop, minimizes the 
effects of bias currents and switch resistance on the cal­
culated gain of the stage. Voltage spikes may occur dur­
ing the switching process, resulting in temporarily 
reduced gain because of the make-before-break opera­
tion of the switches. This can be minimized by providing a 
separate voltage divider network for each level of gain. 

Many signal processing applications depend on low noise 
characteristics for their operation. One such application 
involves logrithmic amplifiers. The input sensitivity range 
is governed by the system noise in such a circuit. 
The ,HA-5147, with its low noise characteristics, can 
extend the basic sensitivity of the common logrithmic 
amplifier (Figure 16), The circuit uses a matched pair of 
transistors to offset the effects of temperature and 
quiescent currents. The final expression for Vout reduces 
to .... 

Vout = -O.02S{1 + R5IRs)ln[20VinIVrefl 

or using the schematic values ... 

Vout = -In[2Vinl 

R6 should be temperatu re dependent if the expression for 
Vout is to hold over an extended temperature range. The 
overall sensitivity is from a few millivolts to about twice 

Vref· 

V",(10VI 

ZOK R4 

500 

R6 
WITH Yin = 0 NULL V. USING R7. 

WITH Yin = 0.5Vref NULL Vo USING RB. 

FIGURE 16. LOGRITHMIC AMPLIFIER 
The matched pair of transistors makes this a very temperature stable logrithmic amplifier. 
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FIGURE 17. INPUT BUFFERED MIXER 
Several signals can be combined using this circuit with a minimum of channel cross-talk. 

A high signal to noise ratio is important in signal 
construction and combination. The HA-5147 aids in 
lowering overall system noise and thereby raises system 
sensitivity. The signal combination circuit in Figure 17 
incorporates input buffering with several other features to 
form a relatively efficient mixer stage. 

The potentiometer used for each channel allows for both 
variable input levels as well as a constant impedance for 
the driving source. The buffers serve mainly to prevent 
reverse cross-talk back through the resistor network. This 
allows for the combination of varying strength signals 
without reverse contamination. The gain of the final stage 
is set at a minimum of 10 and can be adjusted to as much 
as 20. This allows a great deal of flexibility in combining a 
vast array of input signals. 
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FOR YOUR INFORMATION 

No. 554 Harris Analog 

LOW NOISE FAMILY HA-5101/02/04/11/12/14 

by Alan Wayne Hansford 

The HA-510X/511X series is comprised of six separate 
products designed to meet a wide range of needs. This is 
accomplished, in part, by offering the HA-5101, with 
10VljJs, the HA-5102/04, each with 3V/jJS slew rate, the 
HA-5111 with 50VljJs, and the HA-5112/14, each with 
20V IjJs slew rate. 

HA-5101 Single Amplifier 10VljJs Unity Gain Stable 
HA-5102 Dual Amplifier 3VljJs Unity Gain Stable 
HA-5104 Quad Amplifier 3VljJs Unity Gain Stable 
HA-5111 Single Amplifier 50V IjJs Gains 10 or more 
HA-5112 Dual Amplifier 20V IjJs Gains 10 or more 
HA-5114 Quad Amplifier 20VljJs Gains 10 or more 

The entire series shares similar design. The noise voltage 
and noise current will therefore be the same across the 
series. With a very low noise input stage at just 4.0nV/y'HZ 
@ 1KHz, the HA-510X/511X is an excellent choice in appli­
cations where a high signal-to-noise ratio is critical, as in 
professional audio circuits and transducer monitors. 

In addition to identical noise performance within the 
series, the HA-510X/511X all share common DC speci­
fications with 0.5mV of offset voltage and 130nA of bias 
current. The high open loop gain, 250KVIV, together with 
the choice of compensation levels, will allow the 
HA-51 OX/511 X series to meet a wide range of require­
ments. 

Low Noise Design 
Since the HA-510X/511 X is a very low noise operational 
amplifier, low noise design techniques must be used to . 
make the most of this feature. There are two primary 
means of keeping noise down, one requires the amplifier 
inputs to look into low source resistances and the other 
requires bandwidth limiting by filtering. A short outline of 
noise prediction will be presented here to support these 
concepts. 

Noise can be divided into several categories, which in­
clude thermal noise (white noise) and flicker noise (pink 
noise orl/f noise). The feedback components are strongly 
dominated by thermal noise making thermal noise the 
most important of these from a system design standpoint 
(an exception to this are high gain DC amplifiers which re­
quire low l/f noise as measured by the "lower l/f noise 

corner"). Flicker noise is more a function of the amplifier 
construction quality, and system design variations are 
less effective in reducing this type of noise. 

Noise is usually rated in one of two ways. The first is RMS 
voltage or current (a measure of peak-to-peak noise in a 
given bandwidth) and the second is by noise density 
spectrum in V/Fz and A!Fz(a measure of the spectral 
content of the noise in the frequency domain). The two 
rating schemes are related, with RMS noise levels 
generated from the integration of the noise density spec­
trum over a desired frequency bandwidth. 

As an illustration of noise prediction, the noise density for 
the standard inverting amplifier configuration (Figure la) 
will be determined. The total noise is derived from the 
combination of several noise sources, only three of which 
are of any significance. These are the amplifier's noise 
voltage, the thermal noise of the feedback components, 
and the noise generated by the current noise of the ampli­
fier within the feedback components. 

The total noise is defined as the square root of the sum of 
the squares of the individual noise terms. 

(Eamp)2 + (E feedback)2 + (Ecurrent noise in)2 
network feedback network 

En ~ total noise 
G ~ gain of stage 
Eamp ~ amplifier noise voltage ....... .4.0nV/$z @ f> 1 KHz 

Efeedback ~~4KTReq 
network 

where ... K ~ 1.381E-23 
T ~ 300 
Req ~ R II Rf 

E current noise in ~ Inoise Req 

feedback network Inoise ~ 0.56pA/y'H'; @ f > 1 KHz 

or more specifically ... 

En ~ G v' (Eamp)2 + Req4KT + (Inoise Req)2 
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lal 

Ib) 

FIGURE 1. 
A reasonable estimate of noise levels can be generated with these two 
basic amplifier circuits. 

Both the amplifier noise voltage and noise current are 
constant above 1 KHz and rise slightly for lower frequen­
cies (Figure 2). The resistor thermal noise is derived from 
the parallel combination of the feedback network (Req) 
and several constants (4KT). The third noise term again 
uses the equivalent resistance of the feedback network 
(Req) as well as the current noise generated at the input 
terminals of the amplifier. 

NOISEVDLTAIlE 

'000 

100 

nYlv'iii 

10 

, 

NOISE CURRENT 

11'J.. 

NOISE VOLTAGE 

11111 

1111111 
10 100 " 

, 
FREQUENCY 

FIGURE 2. 
Noise current and voltage for HA-51OX/511X. 

NOiSECUHRENT 

'00 

10 

pA/v'Hz. 

D.' 

It should be evident from the above formula that 
extremely large values of Req (especially over 10Kohm) 
will dominate the noise density while low values for Req 
will yield to the amplifier's own noise characteristics. Note 
the asyptotic convergence of the noise voltages in Figures 
3a-3c at low values of Req. 

A second circuit (Figure 1 b) balances the effects of input 
bias currents by placing a resistor Rc, equal to Req , 
between the non-inverting input and ground. While re­
ducing DC errors, this configuration adds two additional 
terms to the noise formula. 

En = G (Eamp)2 + Req4KT + (Inoise Req)2 

+ Rc 4KT + (Inoise Rc)2 

noise seen through that resistor. To optimize DC design, 
Rin II Rf = Req = Rc, therefore the noise density equation 
reduces to ... 

En = G V'-(-E-a-m-p-)-2-+-2-R-e-q-4-K-T-+-2(-I-no-i-s-e-R-e-q-)2-

Again the relationship between large values of Req and a 
high noise density spectrum remains. 

lmVrm 

"I,uVrm 

~ "' 
~ r'" ~ , ~ ~', "'Ii". ./ 

, ~ r1.! 
"' 
~ " + Roq-R!I R,"R. 

1,t111!nn 
~ ~III .. " . 

Rsq or Rill ~ Rc 

FIGURE 38. PREDICTED NOISE 
Predicted RMS noise at output for bandwidth of 0.1 Hz-50KHz for HA-51 OX 
and 0.1Hz-250KHz for HA-511X. 

10D.uVrms 

~ " 
F= ~ 1.1 

'E ':" .". R .... RI!IIf 

E " 
~ I J 1: J E?:.,}"." ~!b) 

1''' 

10/JVrm 

'1111'11'111 

II.1.uVrm , 
R",DI R ... • R~ 

FIGURE 3b. PREDICTED NOISE 
Predicted RMS nOise at output for bandwidth of 20Hz-20KHz for 
HA-510X/511X. 

1DD.uVrm 

!== " F= ~ § 
1.1 

.... .... R1q-RI)R, 

~ " 
~ ~ " r-- fb) 

-:- '=' Rill" RlIlIr· R~ 

10,ullrms 

D.1.u Vrm , 

The original contributors to output noise remain as before FIGURE 3c. PREDICTED NOISE 
and the additional terms represent the thermal contribu- Predicted RMS noise at output for bandwidth of 20Hz·100Hz for 

tion by Rc and the associated amplifier current HAc510X/511X. 

10-172 



Application Note 554 

RMS noise is derived in part as the integral of the noise 
density spectrum over a given bandwidth. Below is the 
complete expression ... 

Erms (from fO to f1) = E noise 2 df 
density 
spectrum 

The strict integration assuming En is constant works well 
for fO above =1 KHz. Both the amplifier's noise voltage and 
the noise current increase for frequencies below 1 KHz. 
This makes for difficult integration since complicated ex­
pressions for Inoise and Eamp must be generated. To 
avoid this problem, graphical integration techniques or 
sampled methods can be used with great success. 

The curves in Figures 3a-3c illustrate the relationship 
between the RMS noise and Req for both amplifier de­
signs. It should be apparent from the predicted RMS noise 
curves that increased bandwidth causes an increase in 
noise voltage. An interesting effect of this relationship is 
that only absolute bandwidth (l1-fO) is important. The 
general frequencies of interest (if they are above 1 KHz) 
are irrelevant. More simply, 100Hz of bandwidth near 
10KHz contains as much noise as 100Hz of bandwidth 
near 1 MHz. This implies that bandwidth should be res­
tricted with appropriate high and low pass filtering, if the 
lowest noise voltages are to be attained. 

From the previous discussion, it is apparent that low noise 
designs require low resistor values. This is not to say that 
high gain should be avoided, just that low input and 
source resistance values are required for low noise opera­
tion. Closer examination of the RMS noise formula will 
also show that limiting bandwidth, with filtering, will also 
reduce noise levels. Additionally, metal film and wire­
wound resistors have lower excess noise (a component of 
resistor noise in addition to thermal noise) than carbon re­
sistors and are therefore preferred. 

Applications 
Electronic scales have come into wide use and the HA-
510X, as a very low noise device, can improve such de­
signs. One circuit (Figure 4) uses a strain gauge sensing 
element as part of a resistive Wien-bridge. An auto-zero 
circuit is also incorporated into this design by including a 
sample-and-hold network. 

The bridge signal drives the inverting input of a differenti­
ally-configured HA-5102. The non-inverting input is 
driven by the other half of the HA-51 02 used as a buffer for 
the holding capacitor, Ch. This second amplifier and its 
capacitor Ch form the sampling circuit used for automatic 
output zeroing. The 20Kohm resistor between the holding 
capacitor Ch and the input terminal, reduces the drain 
from the bias currents. A second resistor Rg is used in the 
feedback loop to balance the effect of Ra. If R7 is approxi­
mately equal to the resistance of the strain gauge, the in­
put signal from the bridge can be roughly nulled with R6. 

" 

R1SENSOR RESISTANCE 

FIGURE 4. 

, 
I 

...L 
:c,* 

I 
I 
I 
I _____ --.J 

"c, andC21MPROVE 
TRANSIENT REJECTION 

Auto-zeroing scale circuit uses a strain gauge/bridge arrangement to 
improve sensitivity. 

With very close matching of the ratio R4/R1 to R3/R2, the 
output offset can be nulled by closing S1. This will charge 
Ch and provide a 0 volt difference to the inputs of the se­
cond amplifier, which results in a 0 volt output. In this 
manner, the output of the strain gauge can be indirectly 
zeroed. R10 and potentiometer R11 provide an additi.onal 
mechanism for fine tuning Vout, but they may also in­
crease offset voltage away from the zero pOint. C1 and C2 
reduce the circuit's susceptibility to noise and transients. 

The rise of digital equipment and computers, has created 
an entire realm of signal processing equipment. In most 
cases the computer requires elaborate circuitry to bridge 
over into the analog domain. The digitally programmable 
attenuator (Figure 5) is a rather simple circuit that still 
allows a great deal of control of analog signals. 

The first stage is a simple buffer used to isolate the signal 
source from the attenuator stages to follow. Each of the 
subsequent stages is preceded by a voltage divider 
formed by two resistors and CMOS switch. Provided that 
the CMOS switch for each stage is "closed", the drive 
signal will be attenuated according to the basic voltage 
divider relationship at each stage. In the event a switch is 
"open" nearly all of the signal strength will be passed to 
the next stage through the 1 K resistor. The amplifiers act 
as buffers for the divider networks and reduce interaction 
between stages. Eight levels of attenuation are possible 
with the circuit as illustrated in Figure 5, but more stages 
could be added. Each divider network must be closely 
matched to the resistor ratios shown or the level of 
attenuation will not match the levels in the logic chart. 

Audio Applications 
The HA-510X/511X series lends. itself to audio designs. 
This is due in large part to the low noise characteristics of 
the series. With 4.0nV/VHZ @ 1KHz, very low noise 
designs can be realized with little effort. This allows more 
attention to be placed on the quality of the designs. 
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RECORD 
STYlUS 

O.21#lf 

470~fI 

TO AMP AND TONE CONTROL. 

49,9K 

FIGURE 5. FIGURE 7. 
Several resistors may be combined to obtain the precise resistor values The RIAA amplifier provides industry standard signal correction for vinyl 
used in this precision attenuatar or a potentiometer may prove adequate. record recordings. 

. ~ " 

~-=-
fOAHA5112114R' 

JOD44,,1 r----+..,...--f""-
R4TCa IIJ ~ 

"~ 
" 

+ 
fORHA5112114AJ A3"0 

FIGURE 6. 
The tone correction circuit requires a low impedance driving source, yet it 
provides a great deal of control over the output waveform. 

The following group of designs point to some of the 
applications in which the HA-510X/511X series can 
improve performance without major circuit alterations, 
They depend, in part, on the> ±20V//1s slew rate of the 
HA-511 X, which will allow a small signal to be passed 
without distortion up to 12MHz, The bandwidth of these 
devices is more than adequate for audio use, The 
HA-510X will pass a full10V signal out to 200KHz without 
distortion and at unity gain. Many other uses for these 
devices exist The audio applications simply suggest the 
more likely uses for the series. 

Tone correction of an audio signal is an application that 
relies on both the low distortion and the low noise of the 
HA-51 02, The Baxandal-type circuit in Figure 6 uses input 
buffering because of the' relatively low input impedance of 
the RC networks, The output stage is basically a summa­
tion amplifier with the high frequency contribution varied 
by the treble control and the low frequency by the bass 
control. The component values given in Figure 6 allow 
±12dB of gain over the audio range, 

One of the more common audio applications is signal 
correction for recording and playback, Several standard 

>---....--1. I----<> 
TAPE HEAD 

10K 

FIGURE B. PROFESSIONAL AUDIO NAB TAPE PLAYBACK 
PREAMPLIFIER 

This NAB tape playback preamplifier fully utilizes the speed, bandwidth, 
and noise features of the HA-S101. 

circuits are available and the HA-5101 should prove an 
excellent centerpiece for these, One such circuit is the 
RIAA preamplifier used to match the frequency charac­
teristics of vinyl records and phonograph cartridges, 

The RIAA circuit essentially provides low frequency boost 
below 318Hz and high frequency attenuation above 
3150Hz, Recent modifications to the response standard 
include a 31.5Hz peak gain region to reduce DC oriented 
distortion from external vibration, The circuit in Figure 7 
provides the desired response. 

The NAB (magnetic tape standard) amplifier circuits are 
also well suited for use with the HA-5101 (Figure 8). The 
NAB preamplifier is configured to provide low frequency 
boost to 50Hz, flat response to 3KHz, and high frequency 
attenuation above 3KHz, Compensation for variations in 
tape and tape head performance can be achieved by trim­
ming R1 and R2, 

The low noise characteristics of the HA-510X family lead 
to low system noise and improved signal to noise ratios, 
This has become increasingly more important as the 
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various recording mediums have progressed to the pOint 
of near perfection, at least so far as the ear is concerned. 

At the other end of the audio spectrum, opposite the 
playback arena, is initial sound generation and the 
microphone. The HA-S104/14 is a very practical choice 
for a dynamic microphone preamplifier (Figure 9). The 
relatively simple design allows for DC coupling of both 
input and output. 

The microphone sees an input impedance equal to R1 + R2 
(2Kohm). The input impedance of the amplifier group is 
not matched to the 6000hm impedance of the micro­
phone. This is because the instrumentation amplifier does 
not rely on input power, but rather input voltage alone for 
its driving source. In many cases the frequency range of 
the microphone will be extended with the reduced 
loading. 

RS, R6, and R7 provide stable DC gain in conjunction with 
R3 and R4, which form the DC feedback network around 
the first two amplifiers. R7 also controls the DC offset at 
the output. RS, R9, and C3 provide the proper AC gain 
above 0.6Hz. R14 is tuned for maximum CMRR by 
matching the feedback element ratios of the third ampli­
fier [R11/R1Q = (R13 + R14)I R121. With a total gain of 
4dB, the 2mV microphone signal is increased to the stan­
dard 1Vrms output. 

The optional output stage provides a 6000hm matched 
output impedance to maximize the power tra,nsfer to the 
next stage. The HA-S104 and the HA-5114 will both func­
tion well in this circuit. There will, however, be an extra 
unused amplifier. To avoid this unused amplifier the tone 
correction circuit in Figure 6 is recommended for use with 
the fourth amplifier. If the HA-S114 is used, the DC gain 
resistors R' and R3' in Figure 6 must be used with the tone 
correction circuit to insured proper DC stability. 

40Hz to 20KHz. The other component values give an ad­
equate range of operation to allow for virtually universal 
filtering in the audio region. wo, Q, and gain (H) can all be 
independently adjusted by adjusting R1 - R3 respectively 
and in succession. 
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The dynamic microphone preamplifier does not use a transformer which 
reduces both complexity and cost. 

2A 0.9 0.1 

0.25 

One of the most useful circuits in audio filtering is the 
Biquad. This universal filter offers low pass, high pass, 
band pass, band elimination, and all pass functions. The 
HA-S104 is an excellent choice for the four amplifier 
Biquad circuit in Figure 10. This is due in large part to the o-....... "'.,"'.,,,,, ..... '-v">N ...... --f'" 
low noise and high slew rate characteristics of the 'Y~""'-.f'.N""" 
HA-S104, both of which reduce distortion effects. 

The Biquad consists of two successive integration stages 
followed by an inverting stage. The entire group has a 
feedback loop from the front to the back consisting of R1 
which is chiefly responsible for controlling the center fre­
quency, woo The first stage of integration is termed a 
"poor" integrator because of R2 which limits the range of 
integration. R2 and C form the time constant of the first 
stage integrator with R3 influenCing the gain (H) almost 
directly. The band pass function is taken after the first 
stage with the low pass function taken after the third 
stage. The remaining filter operations are generated by 
various combination of the three stages. 

The Biquad is "orthogonally" tuned, meaning that wo, Q, 
and gain (H) can all be independently adjusted. The com­
ponent values in Figure 10 will allow wp to range from 

". 
:~ ~~:j:~t: ';:D 1~:~ETiT~:I~;~UENCV) 
R3 CONTROLS H (GAIN) " 

". 10. 

AP 
,,0 

° 

The biquad offers a universal filter with wo. Q, and gain "orthogonally" 
tuned. 
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The standard Biquad circuit in Figure 10 uses three stages 
of inverting amplifiers. This produces negative feedback 
for stability (any odd number of stages would produce the 
same effect). There, however, is no restriction such that 
only inverting stages must be used. The standard Biquad 
of Figure 10 has been altered in Figure 11 by combining 
the function of the last two stages into one non-inverting 
integrator. This reduces the number of amplifiers re­
quired for the band pass function to just two. The 
bandpass transfer function is of course altered to reflect 
the consolidation of the last two stages and is as follows ... 

V3 

V1 

R; 

R; 

Ri>2.4K FOR OUTPUT CURRENT LIMITING 

-(1/R3C)s 

therefore .... 

Wo /2/R1 R4CC 

Q /2R22/R1R4 

H -R1 R4C/2R3 if C1 ; C2 = C 

The two amplifier Biquad bandpass filter constructed 
around the HA-5102 can easily be incorporated into a ten 
band graphic equalizer. By restricting gain to ±12dB and 
requiring Q *1.7, a very usable design can be generated. 
See Figure 12. . , 

BAND PASS OUT 

FIGURE 11. 
The two amplifier biquad forms an economical band pass filter, which in 
this case is oriented towards a ten band equalizer. 

A high signal to noise ratio is important in signal construc­
tion applications. The low noise aspect of the HA-5104 
aids in lowering the system noise and thereby raises the 
system sensitivity. The signal combination circuit in 
Figure 13 incorporates input buffering with several other 
features to form a relatively efficient mixer stage. 

FIGURE 12. 
The bandpass stages can be incorporated into a multiple band equalizer. 

V. 

2K 

Vb 

1 GAIN'" R-15d8 
Rt 

2. 

.... 
2K 

V. 

1 
10K 

-

667 

FIGURE 13 . 
The 600 ohm input impedance provides for proper audio level signal 
mixing using the HA-51 04. 

The circuit in Figure 13 uses buffer stages to prevent 
channel crosstalk back through the mixer resistor 
network. The potentiometers used for each stage allow 
for convenient signal strength adjustment while main 
taining input impedance matching at the 6000hm audio 
standard. The feedback resistor Rf will permit the output 
signal gain to be as high as 15dB. The circuit in Figure 14 
illustrates some of the other possible buffer 
combinations. These include a differential input stage, a 
voltage follower as well as both non-inverting and 
inverting stages. The allowable resistor ratios and 
recommended device types are also included. One 
restriction applies to this type of mixer network which is 
Rg >2.4Kohm. This limits the worst case output current 
for each of the input buffers to less than 10mA. 

The bulk of the HA-5102/04/12/14 series applications 
have involved audio uses. This does not represent the full 
range of application of the series. In general, most 
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common amplifier applications, excluding video, could 
benefit from the group. The goal here was to introduce the 
designer to some of the more common and well know 

designs using the series, in hope of triggering interest for 
more extensive uses. 

R9 

HA-5101!02!04 OR IF Rl/R2 AND 
R3/R4>10;THEN HA-5111/12/14 

~_~",~-e HA-5101/0Zl04 

References 

R9 HA-5101!OZ!04 OR IF R6/R5>10; 
> .... -1<\1\,..,.--. THEN HA-5111/12/14 

HA-5101 !O2!O4 OR IF R7/RS>9; 
THEN HA-5111/1Z114 

IF R11 =5. RgAND R9= RlO; 

THEN GAIN = 0-15dS 

FIGURE 14. 

HA-5101!OZI04 OR IF (Rl0/8g>10; 
THEN HA5111/12/14 

Universal mixer stage combines the more useable configurations of the 
HA-S10X/S11X family to meet most signal construction needs. 
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FOR YOUR INFORMATION 

Harris Analog 

ULTRA LOW BIAS AMPLIFIER, HA-5180 
by Alan Wayne Hansford 

Most amplifiers depend on the voltage at the inputs to de­
termine the output voltage, and require a parasitic input 
bias current for proper operation. Typically these cur­
rents are in the fl.A range, but they needn't be so large. A 
very few devices fall into the ultra low bias current group 
which ranges from fA levels to a few pA. The HA-5180 is 
one of the few, with only 250fA of Bias current. 

DC offset errors are created at the output of most 
amplifiers from the interaction of input bias currents with 
circuit resistances. If bias currents are significantly 
reduced, as with the HA-5180, the DC errors are also 
significantly reduced. This implies that with very low bias 
currents, larger resistances can be used without creating 
a DC error that exceeds normal bias current/resistance 
combinations. A great many high source impedance 
applications are only practical with some means of bias 
reduction, typically FET buffering. The ultra-low bias 
amplifiers, like the HA-5180, eliminate the need for FET 
buffering with its FET input stage. This makes the 
HA-5180 particularly well suited for atomic particle 
detectors and precision sampling circuits, to name two. 

The outstanding features of the HA-5180 do not end 
simply at input bias current, but combine to form a very 
usable device. The Common Mode Rejection Ratio 
(CMRR) and Power Supply Rejection Ratio (PSRR) are 
both examples of this. The rejection of a common signal 
appearing at both input terminals of the device is 105dB 
(CMRR) and the rejection of power supply fluctuations is 
110dB (PSRR): The open loop gain is a very respectable 
1000KVIV. All of these outstanding features reflect the 
quality built into the HA-5180. 

Given the type of device and the primary emphasis on low 
input bias currents, the HA-5180 has several other points 
worthy of praise. The basic speed of the device with a 
2MHz bandwidth and a 7V/fl.Sec slew rate, is above 
average and noteworthy for any amplifier. This becomes 
even more apparent in light of the low supply current 
(O.8mA). The relationship between supply current and 
speed usually implies that a high speed device requires a 
high supply current. Yet, the design of the HA-5180 has 
judiciously metered its use of available supply current to 
optimize speed at gains as low as unity. 

Building Tips 
The HA-5180 was designed with high performance in 
mind as indicated by its parameter list. The design en­
hancements did not stop at the drawing board however, 
and have been brought into the user's control. The most 
interesting development is the case connection to pin 8 of 
the can. By grounding the can through pin 8, a high level 
of shielding may be easily implemented. The effects of 
shielding should be further increased by using a ground­
ing plane under the HA-5180. Both of these techniques 
will also improve the heat transfer away from the chip and 
package to extend the operational safety margins. 

The remarkably low input bias currents are extremely im­
portant to many applications. They, in spite of their merit, 
can not stand alone in every circuit design. Forthis reason 
the voltage offset pins were included in the design of the 
HA-5180. With pins 1 and 5 (Figure 1), the offset voltage 
can be reduced below the very acceptable value of 100tN, 
establishing an amplifier with nearly ideal characteristics. 

t):'---5 0 
5Kt 

-15V 

FIGURE 1. 
Nulling the HA-5180s offset adiust to 0 volts brings it closerto the Hideal"' 

Low Noise Design 

Since the HA-5180·is a moderately low noise operational 
amplifier, low noise design techniques must be used to 
mllke the most of this feature. There are two primary 
means of keeping noise down, one requires the amplifier 
inputs to look into low source resistances and the other 
requires bandwidth limiting by filtering, A short outline of 
noise prediction will be presented here to support these 
concepts. 
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Noise can be divided into several categories, which in­
clude thermal noise (white noise) and flicker noise (pink 
noise or 1/f noise). The feedback components are 
strongly dominated by thermal noise making thermal 
noise the most important of these from a system design 
standpoint (an exception to this are high gain DC ampli­
fiers which require low 1/f noise as measured by the lower 
"1/f noise corner"). Flicker noise is more a function of the 
amplifier construction quality, and system design varia­
tions are less effective in reducing this type of noise. 

Noise is usually rated in one of two ways. The first is RMS 
voltage or current (a measure of peak-to-peak noise in a 
given bandwidth~nd the second is by noise density 
spectrum in VI yHz: and AI JHz (a measure of the spec­
tral content of the noise in the frequency domain). The 
two rating schemes are related, with RMS noise levels 
generated from the integration of the noise density spec­
trum over a desired frequency bandwidth. 

As an illustration of noise prediction, the noise density for 
the standard inverting amplifier configuration (Figure 2a) 
will be determined. The total noise is derived from the 
combination of several noise sources, only three of which 
are of any significance. These are the amplifier's noise 
voltage, the thermal noise of the feedback components, 
and the noise generated by the current noise of the ampli­
fier within the feedback components. 

The total noise is defined as the square root of the sum of 
the squares of the individual noise terms. 

(Eamp)2 + (E feedback)2 + (Ecurrent noise in)2 
network feedback network 

En = total noise 
G = gain of stage 
Eamp = amplifier noise vOltage ......... 70nV/jHz @ f > 1KHz 

E feedback = J 4KTReq 
network 

where ... K = 1.381E-23 
T = 300 
Req = R II Rf 

E current noise in = Inoise Req 
feedback network r.-.: 

Inoise = 0.01pA/y Hz @ f > 1KHz 

or more specifically ... 

En = G J(Eamp)2 + Req4KT + (Inoise Req)2 

Both the amplifier noise voltage and noise current are 
constant above 1KHz and rise slightly for lower 
frequencies (Figure 3). The resistor thermal noise is 
derived from the parallel combination of the feedback 
network (Req) and several constants (4KT). The third 
noise term again uses the equivalent resistance of the 
feedback network (Req) as well as the current noise 
generated at the input terminals of the amplifier. 

It should be evident from the above formula that 
extremely large values of Req (usually over 10Kohm, but 

(,) 

FIGURE 2. NOISE PREDICTION CIRCUITS 
A reasonable estimate of noise fevels can be generated with these two 
basic amplifier circuits. 

I. 

1~1~~~W'~O~LW~~IO~~~~~~WWWIl~I~KLU 

FREQUENCY 

FIGURE 3. NOISE VOLTAGE 
Due to the extremely low noise currents, only the voltage noise generates a 
significant contribution. 

1 Megohm for the HA-5180) will dominate the noise 
density while low values for Req will yield to the amplifier's 
own noise characteristics. Note the asyptotic con 
vergence of the noise voltages in Figures 4a-4c at low 
values of Req. 

A second circuit (Figure 2b) balances the effects of input 
bias currents by placing a resistor Rc, equal to Req , bet­
ween the non-inverting input and ground. While reducing 
DC errors, this configuration adds two additional terms to 
the noise formula. 

En = G (Eamp)2 + Req4KT + (Inoise Req)2 

+ Rc 4KT + (Inoise Rc)2 

The original contributors to output noise remain as before 
and the additional terms represent the thermal 
contribution by Rc and the associated amplifier current 
noise seen through that resistor. To optimize DC design, 
Rin I I Rf = Req = Rc, therefore the noise density equation 
reduces to '" 

En = G J (Eamp)2 + 2Req4KT + 2(Inoise Req)2 

Again the relationship between large values of Req and a 
high noise density spectrum remains. 
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RMS noise is derived in part as the integral of the noise 
density spectrum over a given bandwidth. Below is the 
complete expression ... 

Erms (from fO to f1) = E noise 2 df 
density 
spectrum 

The strict integration assuming En is constant works well 
for fO above =1 KHz. Both the amplifier's noise voltage and 
the noise current increase for frequencies below 1 KHz. 
This makes for difficult integration since complicated 

O.O:O~O-'--'-.lJlJw.JJ~''::-K-'--'-J...J..LLJ.lJll.I'OL,K.Ll..l.J.lJ.J1J.ll'OlLOK,.uL1lJUUJ.lill'M,-LLll.LU.lWll'OM 

expressions for Inoise and Eamp must be generated. To 
avoid this problem, graphical integration techniques or 
sampled methods can be used with great success. 

The curves in Figures 4a-4c illustrate the relationship 
between the RMS noise and Req for both amplifier 
designs. It should be apparent from the predicted RMS 
noise curves that increased bandwidth causes an 
increase in noise voltage. An interesting effect of this 
relationship is that only absolute bandwidth (f1-fO) is 
important. The general frequencies of interest (if they are 
above 1KHz) are irrelevant. More simply, 100Hz of 
bandwidth near 10KHz contains as much noise as 100Hz 
of bandwidth near 1MHz. This implies that bandwidth 
should be restricted with appropriate high and low pass 
filtering, if the lowest noise voltages are to be attained. 

mVrms 

AMI or Raq " Re Req or Req " Re 

FIGURE 4a. PREDICTED NOISE FIGURE 4b. PREDICTED NOISE 
Predicted RMS noise at output of HA-5180 for a bandwidth of Predicted RMS noise at output of HA-5180for a bandwidth of 20Hz-20KHz. 
0.1 Hz-110KHz. 

mVrms 

0. __ 

'00 
Req or Req • He 

FIGURE 4c. PREDICTED NOISE 
Predicted RMS noise at output of HA-5180 for a bandwidth of 20Hz-100Hz. 
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1M t 5K 
-15V 

HI-201 SWITCH 

*IN914 

* Diode used for S/H peak detector 

FIGURE Sa. 
"Fast" sample-and-hold must be nulled using the offset potentiometers 
but offers very short aquisition times. 

5Ki 

-15V 

I 
I 
I 
I I 
I I 
I I 
I : 

~J 

I 
I 
I 
I 
I 
I 
I 
I 

l, HI-201 SWITCHES , D1*', .. 
,'-~ ('~"' ... 

I I 
IN914 

"Diodes used for S/H peak detector 

FIGURE 5b. 
"Precision" sample-and-hold is an excellent use of the HA-5180, but, be­
cause of the extended feedback, has greater overshoot. 

1M 

1M 

3KHz Bandwidth; C = 0.053 flF 

40KHz Bandwidth; C = 3900pF 

FIGURE 6. 
The standard three amplifier instrumentation configuration gives a multi­
meter preamplifier extremely high input impedance. 

From the previous discussion, it is apparent that low noise 
designs require low resistor values. This is not to say that 
high gain should be avoided, just that low input and 
source resistance values are required for low noise opera­
tion. Closer examination of the RMS noise formula will 
also show that limiting bandwith, with filtering, will also 
reduce noise levels. Additionally, metal film and wire­
wound resistors have lower excess noise (a component of 
resistor noise in addition to thermal noise) than carbon re­
sistors and are therefore preferred. 

Applications 

One of the most critical applications, relative to input bias 
currents, is the sample-and-hold. The HA-51aD requires 
such a low input bias current (250fA) that the drain on 
holding capacitors is all but eliminated. Figure 5 illus­
trates both a "precision" sample-and-hold as well as a 
"fast" sample-and-hold. Both circuits buffer the input vol­
tage and the sampled voltage on Ch. 

The "precision" circuit achieves a lower error voltage by 
closing the feedback loop around both amplifiers. This 
adds a delay to the feedback signal and increases the 
overshoot. The DC error voltages are reduced in this con­
figuration and can be reduced further with the Vos offset 
nulling potentiometers, hence the term "precision": C1 
improves transient response while R1 provides isolation 
of the input and the output during the hold cycle. S1 deter­
mines whether the holding capacitor Ch follows the input 
voltage or holds a previous value. The necessary feed­
back to the input buffer is provided by S2 during the hold 
operation. D1 converts the sample-and-hold into a peak 
voltage sample-and-hold. D2 reduces the reverse satura­
tion of the input buffer when used in the peak mode. 

The "fast" sample-and-hold incorporates feedback 
around each amplifier separately. This makes for a much 
faster response, but does tend to increase DC error vol­
tages. The effects of DC offset can be minimized with the 
Vos offset nulling potentiometers. As with the precision 
sample-and-hold, S1 controls the charging and holding 
operation of the holding capacitor Ch. D1, as before, con­
verts the circuit into a peak voltage sample-and-hold. 

like the sample-and-hold, the differential instrumen­
tation amplifier relies on extremely high input impedance 
for effective operation. The HA-51aD with its JFET input 
stage, performs well as a multimeter preamplifier (Fig­
ure 6). The standard three amplifier configuration is used 
with very close matchi ng of the resistor ratios R5/R4 and 
(R7 + Ra)/R6, to insure high common mode rejection 
(CMRR). The gain is controlled through R3 and is equal to 
2R1/R3. Additional gain can be had by increasing the 
ratios R5/R4 and (R7 + Ra)/R6. 

The capacitors C1 and C2 improve the AC response by 
limiting the effects of transients and noise. Two 
suggested values are given for maximum transient 
suppression at frequencies of interest. Some of the faster 
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DVM's are operating at a peak sampling frequency of 
3KHz, hence the 4KHz low pass time constant. The 40KHz 
low pass time constant for AC voltage ranges is an 
arbitrary choice, but should be chosen to match the 
bandwidth of the other components in the system. C1 and 
C2 may however, reduce CMRR for AC signals if not 
closely matched. Input impedances have also been added 
to provide adequate DC bias currents for the HA-5180 
when open circuited. 

Sensors And Transducers 
Most passive transducers and sensors vary in resistance 
relative to light, sound, pressure, etc. Often the average 
resistance of the transducer is quite large. This presents a 
problem in the choice of an amplifier, since bias currents 
are typically high enough to create a significant error 
voltage (Verror = Ibias R). Extremely low input bias 
currents of the HA-5180 minimize this effect for the most 
part and allow for more conventional transducer and 
sensor circuits. 

The circuit in Figure 7 uses a light sensitive cadmium sul­
fide cell to form a crude light level detecton module. If R, 
the sensor matching resistor, is equal to the "dark" resis­
tance of the cadimum sulfide cell, the amplifier output will 
range from 0 volts to =12 volts as the light level ranges 
from "dark" to "bright". The circuit in Figure 8 operates in 
a similar manner but use the standard non-inverting con­
figuration instead of the voltage follower configuration. 
This allows for variable gain. Although the "dark" resis­
tance of the cadmium sulfide cell is only =7Kohms, the 
principles of operation apply to other types of detectors 
which require the high input impedance of the HA-5180 
for reasonable linearity and useability. 

An example of a high resistive value sensor that depends 
heavily on high amplifier input impedance is the pH probe 
and Detector, with the average probe resistance on the 
order of 100Megohms. The circuits in Figures 7 and 8 may 
still be used with this type of transducer, but a bridge cir­
cuit may prove more appropriate (Figure 9). The greatest 
sensitivity is achieved if R1 is approximately equal to the 
probe resistance. The circuit can be "zeroed" with R2 
while the full scale voltage is controlled by R5. The corre­
lation between pH and output voltage may not be linear, 
which would necessitate a shaping circuit. A calibration 
scheme, using solutions of known pH, may prove ad­
equate and more reliabile over a period of time due to 
probe variance. 

The general schematic could be applied to strain gauges 
or any other type of resistive sensor. The key is the 
extremely low input bias current required by the HA-5180, 
which allows higher value resistances to be used without 
producing significant error voltages. This leads to more 
conventional designs with less exotic circuitry. 

Along the same lines as the pH meter and light level 
detector, is the photo-diode current to voltage converter 
(Figure 10). One common use of this type of device is as a 
light to voltage converter for densitometers. This circuit 
depends on the light level/current relationship of a photo-

FIGURE 7. 
Cadmium Sulfide cells control two light detection circuits. 

+15V FULL SCALE ADJUST 

FIGURE 8. 
Cadmium Sulfide cells control two light detection circuits. 

R1 ~ RPROBE ~100Megohm 

FIGURE 9. 
Another popular sensor circuit is the bridge network. The pH probe can be 
replaced with nearly any resistive sensor. 

diode. Since the diode will only pass as much current as 
the light level will allow, the diode becomes a light 
controlled current sink. A current source is summed 
along with the photo-diode current, and a difference 
current appears at the input of the HA-5180. Relying on 
ideal amplifier input impedance, which is nearly the case 
with the HA-5180, all of the difference current is applied to 
Rf. The output is then defined as ... 

Vout = (I ref - Id)Rf 

Several current sources may be used. The simplest is a 
resistor with I = (VCC - Vbe)R. A more accurate cur­
rent source is the two transistor current mirror, where I = 

(VCC - Vbe)/Rref (Figure 10). Since the controlling com­
ponent, Rref, is not in the current path for I, a more 
accurate summation at the amplifier input terminal can 
take place. The stage can be zeroed with R or Rref as the 
case may be. The nulling potentiometer will provide the 
fine zero. 

The precision integrator is a classic circuit which can also 
benefit from the JFET inputs of the HA-5180. The tradi­
tional relationship between C and R holds very well in one 
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+15V 

2N3860 

-15V 

Iret ;; (2VCC - VbellRraf 

FIGURE 10. 
The low bias currents of the HA-S180 provide a nearly ideal summing point 
(*) for the circuit currents in this photo-diode current to voltage converter. 

design (Figure 11), since the drain on C by the amplifier is 
so small. A second HA-S1BO has been incorporated into 
this design to allow a threshold voltage to be adjusted. 
The threshold voltage is set while present at the input with 
51 and 52 closed. 51 is opened before 52, then 53 is 
closed momentarily to reset the output voltage. The stage 
will then take the time integral of the input signal relative 
to the threshold voltage. R2 provides stable gain during 
the threshold setting procedure. The nulling potentiome­
ter reduces the effects of Vos. 

The precision integrator can be converted into a precision 
timer with a few modifications. The reset switch used to 
discharge the capacitor C is used as the timer on reset 
switch. The output will be proportional to the elapse time 
as long as the input voltage is constant and not equal to 

the threshold voltage. If the timer needs a hold function, a 
switch must be inserted to isolate the capacitor C from the 
resistor R. 

Vref 

R2 82 

Many signal processing applications depend on low am­
plifier bias currents for their operation. One such design 
involves logarithmic amplifiers (Figure 12). The inputsen­
sitivity is governed by the system bias currents in such a 
circuit. The HA-S1BO, with its low input bias currents, can 
extend the sensitivity of the logarithmic current to voltage 
converter. The specific application may well be an atomic 
particle counter in which the current from the detector is 
converted into a Voltage. For the design in Figure 12 the 
output voltage is defined as ... 

Using the schematic values, the expression reduces to ..... 

Vo = -In[2000Iinl 

This is a typical matched transistor pair logarithmic 
amplifier. The matching removes a constant from the 
output expression and improves temperature stability. 
The temperature stability will be even greater if Rt varies 
inversely with temperature. 

The input range of this circuit can be extended by using 
another HA-S1BO as a current preamplifier to the logarith­
mic converter, as shown in Figure 12. 

The HA-S1BO is an extremely powerful building block. The 
sample-and-hold and the precision integrator are 
examples of the low drain placed on circuit capacitors by 
the bias currents. The bias currents themselves are nearly 
low enough to class the HA-S1BO as an "ideal amplifier" in 
that respect. The transducer applications illustrate the 
HA-S1BO's merit in this area. The list of applications and 
uses could continue on, but the material presented should 
allude to the general applications and uses of the 
HA-S1BO. 

>-_ .... ~ INTEGRATOR •• ! 

81 

R2 

HIS 0-------' 

FIGURE 11. 
SI and 82 when closed. provide a threshold settling for this precision 
integrator while 83 allows the output to be reset. 
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( lin) (lin) Vout : -In _ : _In _ = -lnI2000Iin) 
I,el SOOpA 

r----------, 
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l'inRin(1 + R./Rb) 
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lin 
Ro ~ 

---... 
10 

L ID: R 

--~-------~ 
FIGURE 12 

+tOV 

TEMPERATURE 
SENSITIVE 

Logarithmic current to voltage converter depends on the low bias currents 
of the HA-5180 for accuracy. 
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THERMAL SAFE-OPERATING-AREAS FOR HIGH CURRENT OP AMPS 
By: Brian Mathews 

Many new Harris op amps can supply large amounts of 
output sink or source current. While this is a useful 
feature, it must be used carefully to avoid damaging or 
degrading the reliability of the device. 

Output current contributes to the total amount of power 
dissipated within the amplifier according to the following 
formula: 

TOTAL POWER ~ SUPPLY POWER + OUTPUT POWER 
PTOTAL = [ICC x (V+ - V-)] + [IIOUTI x UVCC - VOUT)I] 

ICC is the quiescent supply current and (V+ - V-) is the 
total supply voltage. lOUT is the amount of current flow­
ing into or out of the output terminal and (VCC - VOUT) is 
the voltage across the op amp's output device. 

Power dissipation generates heat and is related to 
temperature in the following way: 

POWER DISSIPATION = TEMPERATURE DIFFERENCE 

THERMAL RESISTANCE 

The temperature difference we are interested in is the 
difference between the junction temperature of the circuit 
(T J) and the ambient temperature (T A). Thermal 
resistance is a measure of the heat conductivity of the 
integrated circuit, l~,6 mounting medium and the 
package. Different packages and die mounts have 
different thermal resistances measured in degrees 
Centigrade of temperature rise per watt of power 
dissipated (OC/W). Typically, integrated circuits will have 
two thermal resistances, IIja and IIjc. I:Ija is the thermal 
resistance from the semiconductor junction to ambient 
air. IIjc is from junction to case only. This is useful if a heat 
sink is used. If so, then the total thermal resistance is the 
sum of junction-to-case, case-to-sink and sink-to-air. 
Thus, for no sink, the equation is: 

TJ - TA 
P= --

IIja 

Harris maintains an absolute maximum rating on junction 
temperature or power dissipation on all op amps. The 
maximum junction temperature for most Harris op amps 
is +1750 C although some have been designed for and 
specified at a T J maximum of +2000 C. 

We can now see that maximum allowable power dissipa­
tion depends on the ambient temperature and the thermal 
resistance of the package. For example, given that 
ambient temperature and maximum junction temperature 
are +25 0 C and +1750 C respectively, assuming a thermal 

resistance of +1000 C/W, the maximum allowable power 
dissipation would be: 

175 - 25 
PMAX = 100 = 1.5W 

Applying this to our output power equation we can deter­
mine the maximum allowable output current. 

Assuming: V+ = +15V, V- = -15V, ICC = 10mA, VOUT = ±5V 

recall that 

PTOTAL = [ICC x (V+ - V-)] + [IIOUTI x (IVcc - VOUTI)] 

1.5W = [(10 x 10-3) x (30)] + [lOUT x (10)] 

lOUT MAX = 0.120 = 120mA 

Thus, although this device might have a rated maximum 
output current of 200mA, that amount of current would 
cause the junction temperature to exceed the absolute 
maximum, with the given conditions, T A = +250 C, VOUT ~ 
5V, etc. 

A collection of curves is included which represent 
graphically the maximum allowable output current over a 
range of output voltages. Only one quadrant is shown 
since it is symmetrical with respect to both axes. The 
graphs are entitled SOA for Safe-Operating-Area since 
the device can safely be operated within these 
boundaries. Each graph shows maximum output current 
for three different temperatures. The title lines indicate 
part type, package type, maximum T J, assumed ICC and 
VCC levels and the package thermal resistance from 
junction to ambient temperature. 

As long as voltage and current Maximum Limits are 
observed, then second breakdown effects will not be a 
factor in this analysis. Second breakdown must be 
considered for transient conditions exceeding the normal 
limits. This type of operation will be covered in a future 
report. 

The graphs show how the output current capability is 
severely limited at elevated ambient temperatures. 
Several things can be done to help regain some of the 
output drive. Package choice can make a great deal of 
difference, be sure that the thermal implications of the 
package chosen are understood. Voltage supply levels 
are sometimes variable. Some devices, like the HA-5002, 
are specified at lower supply voltages. Other amplifiers 
may not meet all specifications but will operate with 
acceptable performance at reduced supply levels which 
will reduce quiescent power dissipation allowing greater 
output current levels. 
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DC SOA Graphs 
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DC SOA Graphs 
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SOA Graphs With Heat Sink 
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If package and supply voltage selection still do not allow 
enough current then a heat sink will be necessary. The 
thermal equation when a sink is used is: 

P= 
lijc + lics + lisa 

lijc is given in the device data sheet, lics is from case to sink 
and is usually very small (one or less), and lisa is from sink 
to ambient and is given by the heat sink manufacturer. 

Some representative curves are shown for some different 
types of heat sinks with different Harris part types. 

Only DC steady-state conditions have been examined. 
AC and transient situations are not as straight forward. 

The simplest way to handle the AC case is to utilize 
conservation of power. Thus, the output stage power 
drawn from the supplies is equal to the power in the load 
plus the power dissipated in the amplifier's output: 

PSUPPLY = PDISS + PLOAD 

This discussion will assume a sine-wave output with peak 
voltage and current; Vp and Ip, and a resistive load, RL. 

The average power drawn from the supplies is: 

PSUPPLY = 2VCC ICAVG 

Where ICAVG is the average collector current in the out­
put device. After calculating this current the following is 
obtained [1): 

PSUPPLY = 2VCC 
Vp 

7T RL 

The average power in the load is half the product of peak 
voltage and current, referred to voltage alone: 

Vp2 
PLOAD = --

2RL 

Thus the average power dissipated in the device's output 
is: 

PDISS = PSUPPL Y - PLOAD 

PDISS = 
2VCCVp Vp2 

This figure, added to the quiescent device dissipation, 
should be used to determine the thermal operating 
conditions when the output is a sine-wave and the load is 
resistive. For complex waveforms or reactive loads a 
thorough analysis should be performed on the particular 
application. This obviously cannot be done in this article. 

For transient conditions, thermal capacitance and second 
breakdown must be considered. When power is supplied 
by an amplifier, the junction temperature does not rise 
instantaneously. The different elements in the thermal 
path all have thermal capacitance in addition to thermal 
resistance. Thus, .the thermal transient response is deter­
mined by a time constant which is the product of thermal 
resistance and capacitance. Thermal capacitance is a 
material dependent value and will be covered thoroughly 
in a follow-up article along with second breakdown. 
Suffice to say that most packages have thermal time con­
stants on the order of hundreds of milliseconds so that 
power pulses of short duration should not raise the 
junction temperature appreciably. Again, transient ther­
mal characteristics will be covered in another article. 

The graphs shown here are only general guidelines. The 
equations are included so that specific applications can 
be analyzed and thermal requirements can be deter­
mined. Methods have been shown for calculating total 
power dissipation, maximum allowable power dissipa­
tion, and average AC power dissipation with respect to 
output current and voltage, ambient temperature, junc­
tion temperature and thermal resistance. Thus, Harris 
high output devices can be used with confidence if these 
techniques are used. 

Bibliography: 

1. Antognetti, (Ed.): "Power Integrated Circuits," New 
York: McGraw-Hili, 1986. 

2. Gray, P. and Meyer, R.: "Analysis and Design of 
Analog Integrated Circuits," New York: Wiley, 1977. 

Heat Sink Manufacturers: 

AAVID Engineering, Inc. 
One Kool Path 
Box 400 
Laconia, NH 03247 
(603) 524-4443 

Thermalloy, Inc. 
P.O. Box 810839 
2021 West Valley View Lane 
Dallas, TX 75381-0839 
(214) 243-4321 

10-189 

CD 
It) 
It) 

W 
I­o 
Z 
a: 
c.. « 



APP 
NOTS 
No. 557 

FOR YOUR INFORMATION 

Harris Analog 

RECOMMENDED TEST PROCEDURES FOR 
ANALOG SWITCHES 

By: Brian Mathews 

Introduction 

The following text describes the basic test procedures 
that can be used for most Harris CMOS switches. Various 
test conditions are used with the various switches. Table 1 
has been included to help define the specific test setups to 
be used with each variety of switch. One additional note, 
all schematics assume an open switch for high logic 
inputs. 

DC Switch Parameters 

Analog Signal Range (+VS) and (-VS) 

The analog signal range is the maximum input signal level 
which can be switched to the output with minimal 
distortion. For supply voltages lower than nominal, the 
analog signal range should be restricted to the voltage 
span between the supplies. Note that other parameters, 
such as "ON" resistance and leakage currents, are 
guaranteed over a smaller input range and tend to 
degrade toward the analog limits (+VS and -VS). Harris 
switches can tolerate the positive analog signal limit (+VS) 
applied to one side of a switch cell while the negative 
analog signal limit (-VS) is applied to the other side (the 
switch must be open to avoid excessive currents). 

The analog signal range is measured (Figure 1) by 
increasing an input waveform until the output shows 

+15V 

r-_V~IN __ ~S~ __ o-~ __ ~D-._V~D~U~T~-o~ 
lK 

-15V 

FIGURE 1. SUGGESTED CIRCUIT TO DETERMINE 
ANALOG SIGNAL RANGE 

evidence of distortion or the maximum analog level is 
reached (as stated in the maximum ratings section of the 
data sheet). 

RON. ON Resistance (ROS) 

"ON" resistance is the effective series on-switch 
resistance measured from input to output under specified 
conditions. Note that RON typically changes with 
temperature (highest at high temperature), and to a lesser 
degree with signal voltage and current. 

RON is calculated from the voltage drop across a switch 
with a known current flow as in Figure 2. 

VO'--_ 
+15V 

RON· ¥Cl 

:tvIN-=-. r -15V 

See Table 1 for Specific Test Conditions 

FIGURE 2. "ON" RESISTANCE TEST CIRCUIT 

IS(OFF). IO(OFF). IO(ON): Leakage Currents 

Harris prefers to guarantee only worst case high tempera­
ture leakage currents because the room temperature 
picoampere levels are virtually impossible to measure 
repeatedly on currently available automated test equip­
ment. Even under laboratory conditions, fixture and test 
equipment leakage currents may frequently exceed the 
device leakage currents. Since the leakage currents tend 
to double for every 100C increase in temperature, it is 
reasonable to assume that the +250C value is about 1/1000 
the +1250C value; however, in some cases there may be 
ohmic leakage paths, such as across the package, which 
would tend to make the +250C reading slightly higher 
than expected. 
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IS(OFF), measured directly with the circuit in Figure 3, 
consist largely of the diode leakage current from the 
source-body junction. IO(OFF), also measured directly 
with the circuit in Figure 3, is largely due to the diode 
leakage current in the drain-body junction. 

+15V 

See Table 1 for Specific Test Conditions 

FIGURE 3. OFF LEAKAGE CURRENT TEST CIRCUIT 

"ON" leakage current (IO(ON)) is the current flowing 
through both the source-body and drain-body junctions 
of a closed switch. IO(ON) tends to have the most 
noticeable effect since it creates an offset voltage across 
the switch equal to IO(ON)'RON. IO(ON) is measured 
directly with the circuit in Figure 4. 

+15V 

s o 

-=-±VIN 

-15V I 
See Table 1 for Specific Test Conditions 

FIGURE 4. "ON" LEAKAGE CURRENT TEST CIRCUIT 

Dynamic Switch Parameters 

TON. TOFF: Access Time 

Switch "Turn On" time TON is the time required to 
activate an "OFF" switch to an "ON" state. TON is 
measured from the 50% point of the logic transition to the 
90% point of the output transition (Figure 5). 

Switch "Turn Off" time TOFF is the time required to 
deactivate an "ON" switch to an "OFF" state. TOFF is 
measured from the 50% point of the logi.c transition to the 
10% point of the output transition (Figure 5). 

+15V 

VIN S n n 0-...,.-..... o--t='---<I>--~-O VOUT 
OV.-J LJ L VA 

DIGITAL 
INPUT 

SWITCH 

-15V 

OUTPUT _____ _ 

See Table 1 for Specific Test CondItions 

FIGURE 5. "TURN ON" AND "TURN OFF" DELAY TEST 
CIRCUIT AND WAVEFORMS 

Charge Injection 

Cycling a switch "ON" or "OFF" results in a small amount 
of charge being injected into the analog signal path. This 
charge injection is generated through the capacitive 
coupling between the digital control lines and the analog 
outputs. The ensuing voltage spikes create an acquisition 
interval during which the output level is invalid even when 
little or no steady state level change is involved. The total 
net energy (charge injection) coupled onto the analog 
lines is especially critical when switching voltage to a 
capacitor since the injection charge will change the 
capacitor voltage at the instant of switching. 

Charge injection, measured in pico-coulombs, is mea­
sured with the aid of the circuit in Figure 6. 

-t15V 

Q(pC) = C(p!)' VOUT (VOLTS) 

r-~t--or~-~~~VOUT 

J CL 

-15V 

See Table 1 for Specific Test Conditions 

FIGURE 6. CHARGE INJECTION TEST CIRCUIT 
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Off Isolation 

Off Isolation is the degree of attenuation seen at the 
output of an "Open" switch when a high frequency signal 
is applied to the input. This feedthrough occurs through 
the source-body and drain-body capacitances and has a 
greater effect at higher frequencies. Off isolation is 
usually specified in decibels where Off Isolation = 20Log 
(VOUTIVIN), see Figure 7. The isolation generally 
decreases by 10dS/decade with increasing frequency. 

+15V 
[V~~T] OFF ISOLATION = 20 lOG 

(dB) 

VIN S D 
VOUT 

lK rel 

-15V -= -= 

See Table 1 for SpeCIfic Test Conditions 

FIGURE 7. OFF ISOLATION TEST CIRCUIT 

Crosstalk 

Crosstalk is the amount of signal cross coupling from an 
"OFF" analog input to the output of another "ON" channel 
output. Crosstalk is usually measured in decibles where: 
Crosstalk = 20Log(VOUT2IVOUT1). see Figure 8. 

+15V 
CROSSTALK = ZO LOG [YOUTZ] 

(dBI VIN! 

r--""'&"'--, 

,-__ VO'N..:.! __ S!+---< ...... 'o--t0-:!=---.-_.--o VOUT! 

o-..... -+ __ o--t-:OZ=---...... - ...... -oVOUT2 

RIN 

-15V 

See Table 1 for SpecifiC Test Conditions 

FIGURE 8. GENERAL CROSSTALK TEST CIRCUIT 

Break-Before-Make-Delay T (OPEN) 

The break-before-make-delay T (OPEN) is the elapsed 
time between the "Turn Off" of one switch and the 
corresponding "Turn On" of another for a common 
change in logic states (Figure 9). The delay measurement 
is taken at the 50% levels of the output transitions. The 
T(OPEN) delay prevents the switches from being 
simultaneously close during switching transitions. 

+15V 

VIN 51 DI 

VIN Sz DZ 

DV--.fLJL 
v. 

RlI r el Rl 

-15V 

OV 1.1 50% \. 50% 
____ -J. i\-- OUT 1 

I I 
SWITCH I 1 OUT Z 
OUTPUT "lj.50% ..l5oii 

OV~,-. -c:!------+I-'~ -_ .. 
,BBM --j r --l r'BBM 

See Table 1 for SpecifiC Test Conditions 

VOUTt 

VDUTZ 

FIGURE 9. BREAK-BEFORE-MAKE-DELAY TEST CIRCUIT 
AND WAVEFORMS 

Settling Time 

Settling time is the time required for the switch output to 
settle within a given percentage of the final value 
following a change in the digital input level. Usually the 
worst-case settling time occurs when the switch is 
required to slew across its full dynamic range (generally a 
OV to +10V transition). This is known as full-scale settling 
time. 
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The settling time circuit is Figure 10, employs two 
resistors to generate an error voltage equal to the output 
error. A FET is used to buffer the summing junction from 
the oscilloscope probe capacitance. 

+15V 

-15V 

Settling Time (T s) is measured using a high speed recovery oscilloscope 
to display the error voltage VE. 

See Table 1 for Specific Test Conditions 

FIGURE 10. SETTLING TIME TEST CIRCUIT 
AND WAVEFORM 

Switch Logic Parameters 

Input Thresholds VAL and V AH 

The input thresholds are the digital input upper and lower 
limits at which proper switching action is guaranteed to 
take place. The input low threshold VAL is the maximum 
allowable voltage that can be applied to the digital input 
and still be recognized as a logic low ("0") input. The input 
high threshold VAH is the minimum allowable voltage that 
can be applied to the digital input and still be recognized 
as a logic high ("I") input. All other parameters will be 
valid if the logic inputs are either below VAL or above VAH. 

Input Leakage Current (IAL, IAH) 

Input leakage current is the bias current flowing either 
into or out of the digital input terminal. Input leakage 
current high (IAH) is the current flowing while the digital 
input is in the high state (2:: VAH). while input leakage 
current low (IALl is the current flowing when the digital 
input is in the low state (::; VAll. Input leakage currents 
are measured directly using the circuits in Figure 11. 

+15V 

±10V S D 

lK 

= 
-15V 

+15V 

±10V S D 

lK 

= 
-15V 

See Table 1 tor Specific Test Conditions 

FIGURE 11. INPUT LEAKAGE CURRENT TEST CIRCUITS 

Static and Package Related 
Switch Parameters 

PD Power Dissipation: 1+, 1-

Quiesent power dissipation Po = (+VCC*I+) + (-VCC*I-) 
(Figure 12). Po may be specified with the switch in eithera 
cycling or a steady state condition. Note that, as with all 
CMOS devices, power dissipation increases with switch­
ing frequency. 

Po = (+vee *'+) + (-Vee *1+) 

o 

IK IK 

-15V 

See Table 1 for Specific Test Conditions 

FIGURE 12. SUPPLY CURRENT TEST CIRCUIT 
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Switch Capacitance CS(OFF). CO(OFF). COlON). CA 

The various switch capacitances are stated as typical 
values. These values are given by design and are not 
subject to production testing (Figure 13). 

Capacitance Source-Off CS(OFF) is the capacitance with 
respect to ground seen at the analog input with the switch 
open. This capacitance is the sum of the source 
capacitance of the N-channel and P-channel switching 
devices. 

CS(OFF) = CSGP1 + CSBP1 + CSGN + CSBN 

Capacitance Drain-Off CD(OFF) is the capacitance with 
respect to ground seen at the output terminal with the 
switch open. This capacitance is the sum of the drain 
capacitance of the N-channel and P-channel switching 
devices. 

CD(OFF) = CDGP1 + CDBP1 + CDGN + CDBN 

Capacitance Drain-On CD(ON) is the capacitance with 
respect to ground at the drain with the switch closed. 
Generally CD (ON) is the total of the source-off and 
drain-off capacitances. 

CD (ON) = CD(OFF) + CS(OFF) 

Input to output capacitance CDS (OFF) is the capacitance 
between the analog input and output with the switch 
open. 

Digital input capacitance CA is the capacitance with 
respect to ground at the digital input. CA chiefly affects 
propagation delays when the switch is driven by CMOS 
logic. 

Switch Test Fixture Design Rules 

The high performance characteristics of Harris switches 
require high quality test fixtures for accurate characteri­
zation. The following design rules should eliminate most 
sources of error and provide highly accurate results. 

• Decoupling capacitors should be placed as close to the 
supply pins as possible. 

• A ground plane should be used to minimize distributed 
capacitance. 

• All grounds should terminate at a single point ground. 

• All sensitive analog lines should be routed between 
ground traces and kept away from digital lines. 

• Analog and digital lines should cross at right angles. 

• All unused logic pins should be connected to either VAL 
or VAH. 

• All unused analog pins should be connected to ground 
through a 1 K resistor. 

• Teflon sockets should be used to minimize socket 
capacitance. 

Acknowledgement 
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HI-200 

HI-201 

HI-201HS 

HI-300 
Thru 

HI-303 

HI-304 
Thru 

HI-307 

HI-3Bl 
Thru 

HI-390 

HI-S040 
Thru 

HI-SOSl 

LOGIC 
LEVELS 

VAL = O.BV 
VAH = 2.4V 

VAL = O.BV 
VAH = 2.4V 

VAL = O.BV 
VAH = 3.0V 

VAL = O.BV 
VAH = 4.0V 

VAL - 3.SV 
YAH = 11.0V 

VAL = O.BV 
VAH =4.0V 

VAL = O.BV 
VAH = 3.0V 

LOGIC 
REFERENCE RON 

VREF 
OPEN 

VREF 
OPEN 

VL = SV 
VR = OV 

VIN = +10V 
lOS = lmA 

Y,N = +10V 
10S= lmA 

Y,N = +10V 
lOS = lmA 

Y,N = +10V 
lOS = lOrnA 

Y,N - +10V 
lOS = lOrnA 

Y,N = +10V 
lOS = lOrnA 

Y,N = +10V 
10S=lmA 

APPUCATION 
NOTES 

TABLE 1. 

CHARGE 
IS. 10 TON. TOFF INJECTION 

Y,N = +14V Y,N = +10V 
RL = lK 
CL = 3SpF 
VA = OV, 4V 

Y,N = +14V Y,N = +10V 
VA = OV, 4V 

Y,N = +14V Y,N = +10V C = 1000pF 
RL = lK 
CL = 3SpF 
VA = 3V, OV 

Y,N = +14V Y,N = +3V C = 10000pF 
RL = 300 VA = S.OV 
CL = 33pF 
VA =4V, OV 

Y,N - +14V Y,N = +3V C -10000pF 
RL = 300 VA = lSV 
CL = 33pF 
VA = lSV, OV 

VIN = +14V Y,N = +3V C = 10000pF 
RL = 300 VA = S.OV 
CL = 33pF 
VA=SV,OV 

Y,N = +10V Y,N = +10V C = 10000pF 
RL = lK 

OFF SETTLING 
CROSSTALK ISOLATION TIME 

Y,N = 3Vrms 
, = 100KHz 
RL = lK 
CL = 10pF 
VA = SV, OV 

Y,N = 3Vrms 
, = 100KHz 
RL = lK 
CL = 10pF 
VA = SV, OV 

Y,N = 3Vrms Y,N = 3Vrms Y,N = +10V 
f = 100KHz f = 100KHz RL = lK 
RL = lK RL = lK CL = 3SpF 
VA = 3V, OV CL = 10pF VA = 3V, OV 

R'N = lK VA = 3V, OV 

Y,N = 1Vrms 
, = SOOKHz 
RL = lK 
CL = lSpF 

Y,N = 1Vrms 
, = SOOKHz 

RL = lK 
CL = lSpF 

Y,N = 1Vrms 
, = SOOKHz 
RL = lK 
CL = lSpF 

Y,N = 2Vp-p Y,N = 2Vp-p 
f = 100KHz , = 100KHz 
RL = 100 RL = 100 
CL = SpF CL = lSpF 

R'N = 0 

BREAK-
BEFORE-MAKE 

VAL = OV 
VAH = 4V 

VAL = OV 
VAH = 4V 

VAL = OV 
VAH = SV 
RL = 300 
CL = 33pF 
Y,N = +3V 

VAL - OV 
VAH = lSV 
RL = 300 
CL = 33pF 
Y,N = +3V 

VAL = OV 
VAH = SV 
RL = 300 
CL = 33pF 
Y,N = +3V 

POWER 

IAL.IAH DISSIPATION 

VALmin = OV VA = OV 
VAHmax = SV or 

VA = 3V 

VALmin = OV VA = OV 
VAHmax = SV or 

VA = 3V 

VALmin = OV VA = OV 
VAHmax = SV or 

VA = 3V 

VALmin = OV VA = O.BV 
VAHmax = SV or 

VA = 4.0V 

VALmin - OY VA = OV 
VAHmax = lSV or 

V A = lSV 

VALmin =OV VA = O.BV 
VAHmax = SV or 

VA = 4.0V 

VALmin = OV VA = OV 
VAHmax = SV or 

VA =3.0V 
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No. 571 Harris Analog 

USING RING SYNC WITH HC-5502A AND HC-5504 SLiCs 
Dave Donovan 

Introduction 
The ring synchronization (sync) input pin is a TTL 
compatible clock input in both the HC-5502A and 
HC-5504 SLiCs. It's purpose is to insure thatthe ring relay 
is activated or deactivated only when the instantaneous 
AC ring voltage, which may be as high as 150V peak, is at 
or near AC zero crossing. 

If ring sync is not used, it must be tied high to insure 
proper ring trip. When used, it is important to consider at 
which zero crOSSing of the AC ring voltage, positive or 
negative, the ring sync signal must be synchronized with. 
Subsequent illustrations and equations highlight this 
consideration. 

For detailed description of the ring trip sequence 
of events, refer to Application Note 549 by P. G. 
Phillips. Excerpts from the pertinent section are included 
below. 

Ring Trip Sequence 

The Ring Command (RC) input is taken low during 
ringing. This activates the ring relay driver (RR) output 
providing the telephone is not off-hook or the line is not in 
a power denial state. The ring relay connects the ring 
generator to the subscriber loop. The ring generator 
output is usually an 80VRMS, 20Hz signal. For use with the 
Harris SLlC, the ring signal should not exceed 150V peak. 
Since the telephone ringer is AC coupled, only ring 
current will flow. Forthe HC-5502A SLlC, the ring current 
is sunk by the ring feed amplifier output stage whereas for 
the HC-5504 the ring path flows directly into Vs- via a set 
of relay contacts. The high impedance terminal RFS 
exists on the HC-5504 so that the low impedance RF node 
can be isolated from the hot end of the ring path in the 
battery referenced ri ng scheme. 

The AC ring current flowing in the subscriber circuit will 
be sensed across RB4, and will give rise to an AC voltage 
at the output of the longitudinal amplifier. R19 and C4 
attenuate this signal before it reaches the ring trip 
detector to prevent false ring trip. C4 is nominally set at 
0.47JlF but can be increased towards 1JlF for short lines or 
if several telephones are connected in parallel across the 
line in order to prevent false or intermittent ring trip. 

When the subscriber goes off-hook, a DC path is 
established between the output winding of the ring 
generator and the battery ground or Vs- terminal. A DC 
longitudinal imbalance is established since no tip feed 
current is flowing through the tip feed resistors. The 
longitudinal amplifier output is driven negative. Once it 
exceeds the ring trip threshold of the ring trip detector, 
the logic circuitry is driven by GK to trip the ring relay 
establishing an off-hook condition such that SHD will 
become active as loop metallic current starts to flow. 

Figure 1 illustrates the sequence of events during ring trip 
with ring synchronization. Note, that owing to the 900 

phase shift introduced by the low pass filter (R19, C4) the 
RS pulse will occur at the most negative point of the 
attenuated ring signal that is fed into the ring trip detector. 
Hence, when DC conditions are established for RTD, the 
AC component actually assists ring trip taking place. If 
ring synchronization is not used, then the RS pin should 
be held permanently to a logic high of 5V nominally: ring 
trip will occur asynchronously with respect to the ring 
voltage. Ring trip is guaranteed to take place within three 
ring cycles after the telephone. going off-hook. 

150V 

1~:~~~ f---\--+---\----,f-----\ 
MAX 

5V 
RS 
ov+---U------LL----_~ 

ov+-~--.H~_+------~~ 

RING 
TRIP OFF HOOK 

THRES-
HOLD 

D.C. SHIFT DWING TD 
D.C. CURRENT DIFFERENCE 

BETWEEN 'TIP AND IRING 

RING RELAY 
HAS TRIPPED 

FIGURE 1. RING TRIP SEQUENCE. 
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Case I: HC-5502A Tip Injected Ringing 

IRING 

VLA = (IRING - ITIP) (RB4) (K) 
(During Ringing ITIP = 0) 
VLA = (IRING) (RB4) (K) 
IRING = (VRF - VRING)/RB4 
:. VLA = (VRF - VRING) K 

RB3 RB4 

VRING 

SLIC 

FIGURE 2. 

RING FEED 
AMPLIFIER 

Case II: HC-5504 Ring Injected Ringing 

VLA = (IRING - ITIP) (RB4) (K) 
(During Ringing ITIP = 0) 
VLA = (IRING)(RB4) (K) 
IRING = (VRFS - VRING)/RB4 
:. VLA = (VRFS - VRING) K 

RING FEED SENSE 

-IRING 
RB3 RB4 

r-------------
SLiC 

__ --II.i\A. __ AAA..--!-4> VRFS 

TD SUBSCRIBER VRING 
LDOP 

I L. ____________ _ 

FIGURE 4. 

RS SYNCHRONIZED WITH VRINGNRFS RS SYNCHRONIZED WITH 
VRING, VRF f'L'---~~----:_- NEGATIVE ZERO CROSSING I"'-----~~---~- POSITIVE ZERO CROSSING 

OF RING SIGNAL OF RING SIGNAL 

RS 

A 

A 

FIGURE 3. 

For Case I. refer to Figures 2 and 3. In this situation the 
desired result is obtained, namely. that ring sync occurs 
during the negative peak of VC4. This helps achieve ring 
trip faster because, once a subscriber goes off-hook. a 
negative DC shift is observed at VC4. This shift 
approaches a comparator threshold in the ring trip 
detection circuit. If the negative peak of VC4(AC) 
precedes the negative going DC shift at VC4. one can 
achieve ring trip in a shorter time frame. Also this 
configuration allows ring trip to occur for long lines. in the 
order of 3000 ohms. At these line lengths, the DC negative 
shift will never reach the threshold because there is not 
enough DC current through the sense resistor, RB4. 
However, the negative peak ofVC4 (AC) will cross the ring 
trip detector comparator threshold and ring trip will 
occur. 

Conclusion 1: For this case make sure ring sync is 
synchronized with the negative zero crossing of VRING as 
it appears on the line. 

VC4 ~""",.L.~+~~~-__ 90' PHASE SHIFT 
FROM C4 

FIGURE 5. 

For Case II refer to Figu res 4 and 5. Here ri ng sync must be 
synchronized with the positive zero crossing of VFUNG 
(AC) as it appears on the line so as to coincide with the 
negative peak of VC4 (AC). as in the previous case. One 
can see from Figure 5 that ring sync on the negative zero 
crossing would coincide with the positive peak of VC4. in­
hibiting ring trip for loops greater than approximately 800 
ohms. 

Conclusion 2: For this case make sure ring sync is 
synchronized with the positive zero crossing of VRING 
(AC.). 

For all other ring configurations, namely, tip injected and 
balanced ringing for the 5504. if ring sync is used. it must 
be synchronized with the negative zero crossing of 
vRING(AC). 

Acknowledgement 

The author wishes to th!'lnk Geoff Philliips for his con­
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THE HC-5560 DIGITAL LINE TRANSCODER 
David J. Donovan 

1.0 Introduction 

The Harris HC-5560 digital line transcoder provides mode 
selectable, psuedo ternary line coding and decoding 
schemes for North American and European transmission 
lines. Coding schemes include Alternate Mark Inversion 
(AMI), Bipolar with N Zero Substitution (BNZS), and High 
Density Bipolar 3 (HDB3), used for transmission lines as 
follows: 

AMI: North American T1 (1.544MHz) and 
T1 C(3.152MHz) lines 

B6ZS: North American T2(6.3212MHz) lines 
B8ZS: North American T1 (1.544MHz) lines 
HDB3: European PCM30(2.048 & 8.448MHz) CEPT lines. 

Recommended by CCITT 

The transcoder is a single chip, single supply device 
fabricated with standard cell CMOS. Features include 
simultaneous coding and decoding, asynchronous 
operation, loop back mode, transmission error detection, 
an alarm indication signal, and a full chip reset. 

This application note will describe why coding for digital 
transmission is necessary, the types of coding, which is 
best, and why, and the functionality and applications of 
the HC-5560 digital line transcoder. 

2.0 Why Line Coding? 

Transmission of serial data over any distance, be it a 
twisted pair, fiber optic link, coaxial cable, etc., requires 
"maintenance" of the data as it is transmitted (through re­
peaters, echo cancellors etc.). The data integrity must be 
maintained through data reconstruction, with proper 
timing, and retransmitted. Line codes were created to 
facilitate this "maintenance". 

In selecting a particular line coding scheme some con­
siderations must be made, as not all line codes adequately 
provide the all important synchronization between 
transmitter and receiver. Other considerations for line 
code selection are noise and interference levels, error 
detection/checking, implementation requirements, and 
the available bandwidth. 

2.1 Unipolar Coding 

The most basic transmission code is unipolar or 
unbalanced coding whereby each discrete variable to be 

transmitted is assigned a different level, OV and +3V, for 
example: 

DATA 

D o o o o 

n n n 
UNIPOLAR (UNBALANCED) SIGNAL 

There are, however, a number of disadvantages: 

• The average power (Ao/2) is two times other codes 

• The coded signal contains DC and low frequency 
components. When long strings of zeros are present, a 
DC or baseline wander occurs. This results in loss of 
timing and data because a receiver/repeater cannot 
optimally discriminate ones and zeros. 

I 
+Irtn qJ 
·IUU 

I lJUL 
DC WANDER 

• Repeaters/receivers require a minimum pulse density 
for proper timing extraction. Long strings of ones or 
zeros contain no timing information and lead to timing 
jitter and possible loss of synchronization. 

• There is no provision for line error rate monitoring. 

2.2 Bipolar Coding is Better 

With bipolar, or balanced, coding, the same data may be 
transmitted more efficiently achieving the same error 
distance with half the power (Ao/4). This coding is often 
referred to as Non-Return to Zero (NRZ) coding as the 
signal level is maintained for the duration of the signal 
interval. 

II 0 00 00 I R:Jr---...., R F 
BIPOLAR (BALANCED) SIGNAL 

Although bipolar coding is more efficient than unipolar, it 
still lacks provisions for line error monitoring, and is 
susceptible to DC wander and timing jitter. 
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The HC-5560 digital line transcoder provides a number of 
augmented bipolar coding schemes which: 

• Eliminate DC Wander 

• Minimize Timing Jitter 
• Provide for Line Error Monitoring 

This is accomplished by introducing controlled re­
dundancy in the code through extra coding levels. 

3.0 Line Code Descriptions 

The HC-5560 transcoder allows a user to implement any 
of the four line coding schemes described below. 

AMI, Alternate Mark Inversion, is used primarily in North 
American T1 (1.544MHz) and T1 C (3.152MHz) carriers. 
Zeros are coded as the absence of a pulse and one's are 
coded alternately as positive or negative pulses. This type 
of coding reduces the average voltage level to zero to 
eliminate DC spectral components, thereby eliminating 
DC wander. 

e.g. PCM Code 0 0 0 J 0 J J J 0 J 0 0 0 0 0 J 

AMI Cod. 

To facilitate timing maintenance at regenerative repeaters 
along a transmission path, a minimum pulse density of 
logic 1 's is required. Using AMI, there is a possibility of 
long strings of zeros and the required density may not 
always exist, leading to timing jitter and therefore higher 
error rates. 

A method for insuring a minimum logic 1 density by sub­
stituting bipolar code in place of strings of O's is called 
BNZS or Bipolar with N Zero Substitution. B6ZS is used 
commonly in North American T2 (6.3212MHz) carriers. 
For every string of 6 zeros, bipolar code is substituted 
according to the following rule: 

If the immediate preceding pulse is of (-) polarity, then 
code each group of 6 zeros as 0-+0+-, and if the immediate 
preceding pulse is of (+) polarity, code each group of 
6 zeros as 0+-0-+. One can see the consecutive logic 1 
pulses of the same polarity violate the AMI coding 
scheme. 

1----- 6 -----I 
e.g. PCM Cod. 0 0 0 J 0 J J J 0 0 0 0 0 0 

0-+0+­

B6ZSI-I~V=Violation 

0+-0 -+ 

B6ZSI+I~ 

B8ZS is used commonly in North American T1 (1.544MHz) 
and T1 C(3.152MHz) carriers. For every string of 8 zeros, 
bipolar code is substituted according to the following 
rules: 

1) If the immediate preceding pulse is of (-) polarity, then 
code each group of 8 zeros as 000-+0+-. 

2) If the immediate preceding pulse is of (+) polarity, then 
code each group of 8 zeros as 000+-0-+. 

~----- 8--------/ 
'.g. PCM Cod. I 0 I 0 0 0 0 0 0 0 0 J J 0 

000-+0+-

B8ZSI-I~V=ViOlatiOn 

000+-0-+ 

B8ZSI+I~ 

The BNZS coding schemes, in addition to eliminating DC 
wander, minimize timing jitter and allow a line error 
monitoring capability. 

Another coding scheme is HDB3, high density bipolar 3, 
used primarily in Europe for 2.048MHz carriers. This code 
is similar to BNZS in that it substitutes bipolar code for 4 
consecutive zeros according to the following rules: 

1) If the polarity of the immediate preceding pulse is (-) 
and there have been an odd (even) number of logic 1 
pulses since the last substitution, each group of 4 con­
secutive zeros is coded as 000-(+00+). 

2) If the polarity of the immediate preceding pulse is (+) 
then the substitution is 000+(-00-) for odd (even) num­
ber of logic 1 pulses since the last substitution. 

~--4--~ 1---4---1 
e.g. PCM Code 0 0 0 0 J 0 J J J 0 0 0 0 0 0 J 

000- +00+ 

HOB3 I-I~ V=Violation 

000+ -00-

HOB31+1~ 

The 3 in HDB3 refers to the coding format that precludes 
strings of zeros greater than 3. Note that violations are 
produced only in the fourth bit location of the substitution 
code and that successive substitutions produce alternate 
polarity violations. 
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11010110101010110110111101 

AMI-1lL......---,Ur---------~ 

B6ZS 

B8ZS 

HOB3 

FIGURE 1. SUMMARY OF CODING SCHEMES PROVIDED BY 
THE HC-5560 TRANSCODER. 

A summary graph of all four substitution coding schemes 
is illustrated in Figure 1. To simplify timing recovery, logic 
l's are encoded with 50% duty cycle pulses. 

4.0 Functional Description 

The HC-5560 transcoder can be divided into six sections: 
transmiller(coder), receiver(decoder), error detector, all 
ones detector, testing functions, and output controls. A 
block diagram is shown in Figure 2. 

MODE SELECT O---~--I-------, 
OVSS 
OVDO 

>-+--i--0CLOCK 

NRZ DATA IN 

CLOCK 
IENCOOER) 

ffiiffijf 
ENABLE 

~-f-+---+---+---oOUT 1 
+---4--+-+----+--f-----00UT 2 

LOOP TEST 
ENABLE 

AINo----' 

BIN 0-------' 

FORCEAIS~ 

RESET~ 

NRZ DATA 
OUT 

IOE;~::R~ 0-------+---+-.. ERROR 
L-__ .... 

iiffifAiS 0------+1 1-------l""OAIS 

FIGURE 2. HC-5560 TRANSCODER FUNCTIONAL BLOCK 
DIAGRAM. 

4.1 Transmitter (Coder) 

The transm iller codes a non-return to zero (NRZ) bi nary 
unipolar input signal (NRZ IN) into two binary unipolar 
return to zero (RZ) output signals (OUT1, OUT2). These 
output signals represent the NRZ data stream modified 
according to the selected encoding scheme (i.e., AMI, 
B8ZS, B6ZS, HDB3) and are externally mixed together 
(usually via a transistor or transformer network) to create 
a ternary bipolar signal for driving-transmission lines. 

4.2 Receiver (Decoder) 

The receiver accepts as its input the ternary data from the 
transmission line that has been externally split into two 
binary unipolar return to zero signals (AIN and BIN). 
These signals are decoded, according to the rules of the 
selected line code into one binary unipolar NRZ output 
signal (NRZ OUT). 

The encoder and decoder sections of the chip perform 
independently (excluding loopback condition) and may 
operate simultaneously. 

4.3 Error Detector 

The Error output signal is active high for one cycle of ClK 
DEC upon the detection of any bipolar violation in the 
received AIN and BIN signals that is not part of the selected 
line coding scheme. The bipolar violation is not removed, 
however, and shows up as a pulse in the NRZ DATA OUT 
signal. In addition, the Error output signal monitors the 
received AIN and BIN signals for a string of zeros that 
violates the maximum consecutive zeros allowed for the 
selected line coding scheme (i.e., 8 for B8ZS, 6 for B6ZS, and 
4 for HDB3). In the event that an excessive amount of zeros is 
detected, the Error output signal will be active high for one 
cylce of ClK DEC during the zero that exceeds the maximum 
number. In the case that a high level should simultaneously 
appear on both received input signals AIN and BIN a logical 
one is assumed and appears on the NRZ data out stream with 
the error signal active. 

4.4 All Ones Detector 

An input signal received at inputs AIN and BIN that con­
sists of all ones (or marks) is detected and signalled by a 
high level at the alarm indication signal (AIS) output is set 
to a high level when less than three zeros are received dur­
ing one period of Reset AIS immediately followed by 
another period of Reset AIS containing less than three 
zeros. The AIS output is reset to a low level upon the first 
period of Reset AIS containing 3 or more zeros. 

4.5 Testing Functions 

A logic high level on l TE enables a loopback condition 
where OUTl is internally connected to input AIN and 
OUT2 is internally connected to BIN (this disables inputs 
AIN and BIN to external signals). In this condition, the in­
put signal NRZ DATA IN appears at output NRZ DATA 
OUT (delayed by the amount of clock cycles it takes to en­
code and decode the selected line code). A decode clock 
must be supplied for this operation. The Reset input can 
be used to initialize this process. 

4.6 Output Controls 

The output controls are Output Enable and Force AIS. 
These pins allow normal operation, force OUTl and 
OUT2 to zero, or force OUTl and OUT2 to output all ones 
(AIS condition). 
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5.0 Applications 

The HC-5560 transcoder is designed for use in North 
American and European PCM transmission lines where 
psuedo ternary line code substitution schemes are de­
sired. Any equipmen't that interfaces to T1, T1 C, T2 or 
PCM30 transmission lines may incorporate transcoders. 
Such equipment includes multiplexers, channel service 
units, echo cancellors, repeaters, etc. This section will 
illustrate and describe a basic circuit application, and 
various system level applications examples. 

5.1 Basic Applications Circuit 

The basic applications circuit is shown in Figure 3. The 
encoder accepts serially clocked unipolar non-return to 
zero (NRZ/PCM) data at the NRZ IN pin and codes it into 
two unipolar return to zero (RZ) signals at pins Out1 and 
Out2. A coding scheme is chosen via mode select pins 
MS1 and MS2. Data is clocked in on the negative edge of 
ECLK and Clocked out on the positive edge of ECLK. 

The outputs must be mixed externally, via a transis­
tor/transformer network, to produce the ternary 'bipolar' 
code selected and to drive the transmission line. The 
length of Out1 and Out2 are set by the length of the 
positive ECLK pulse. 

To decode ternary coded data, the signal must first be 
split into two unipolar signals and presented to the AIN 
and BIN pins. This may be accomplished by an amplifier 
with a differential output, and two comparators. Both in­
puts are sampled by the positive edge of DCLK. Decoded 
data is clocked out in NRZform to the NRZ OUT pin on the 
positive edge of DCLK. 

All the logic inputs and outputs are TTL compatible. 

5.2 System Level Examples 

Examples of system level transcoder applications are il­
lustrated in Figure 4 through 8. 

+5 

FROM CODEC OR 
TRANSCODER 

VDD 

~l,T2'T1C' 

ENCODER CLOCK 

LIN~II 
INP~ 

Q--+-i NRZ Data In OUT 1 

ENCODER 
PCM 30 II LINE OUTPUT 

Q--.... -i ClK ENC 

FORCE AIS 

CONTROL 
LTE 

RESET 

0--.... --1 OUTPUT 
ENABLE 

MS 1 } MODE SELECT 
MS 2 J--....... ~~ LOGIC INPUTS 

'---IAIN 

DECODER CLOCK 

CLOCK J--..... ~:J 

RESET AIS 1---4-0 

AIS I--"~:l 

ERROR ..-.-... -0 

NRZ Data 

DECODER Out I--..... ~) 

HC-5560 

CLOCK RECOVERY 

ALARM CLOCK 

ALARM 

ERROR 

} ERROR 
MONITORS 

TO CODEC OR TRANSCODER 

MSl MS2 SELECTS 

o 
o 

o 
1 
o 

AMI 
Bezs 
B6ZS 
HDB3 

FIGURE 3. BASIC TRANSCODER APPLICATIONS CIRCUIT. 
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5560 5560 

B B " " ". TI TI 

(B8ISI (B8ISI 
5560 5560 

TI G G ... 
" 5560 5560 " "' B B 

"' 
(B8ISI (B8ISI 
5560 5560 

B T216.3212MB/SI B t'.. IB6lSI (B6ISI ( 

TI 

T1 TI 

(BBISI (BBISI 

5560 5560 

G B " ( ( T1 TI 

IB8lSI 188lSI 

FIGURE 4. M12 MULTIPLEXER 

HC-5560 HC-5560 
.... EJ B -
~ -

I I I I 
I I I 

I I I I 

T1 

I I I I 
I I I PBX I I I I 
I I 

I I 
I 

I I 
I I I I I I I 

I I I I 

T1 I( B B -
-

FIGURE 5. CHANNEL SERVICE UNIT (CSU) 

T1 G B G EJ " ~ < , 
T1 LINE 

Tl LINE 

HC-5560 HC-5560 

FIGURE 6. ECHO CANCELLOR 
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DIGITAL 
CROSS-CONNECT 

IDSXI 

Tl Tl 

FIGURE 8. T1 COMPRESSION BY ADPCM 

HC-5560 

Tl ( EJ HC·5560 

EJ ( 
HC·5560 

0 (. 

T1 ADPCM LINK 

Tl 

FIGURE 7. DIGITAL CROSS CONNECT (DCS) 
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UNDERSTANDING PCM CODING 
David J. Donovan 

1.0 Introduction 

The process of converting analog voice signals into Time 
Division Multiplexed (TDM) Pulse Code Modulated 
(PCM) format is described and illustrated herein. Appli­
cation Note No. 570, "Understanding CODEC Timing", by 
D.J. Donovan is recommended reading as accompany­
ment to this application note. 

Analog time varying voice input information is transmit­
ted over two-wire (2w) pairs (channels) from subscribers. 
The PCM filter band-limits voice signals to 4kHz, one per 
channel, and removes power line and ringing frequencies. 
Research has shown that voice transmission band-limited 
to 4kHz has enough fidelity for telephony purposes. 

2.0 Sampling 

The process of converting filtered voice information into a 
digitized pulse train format begins with sampling the 
voice signal at uniform intervals. These intervals are 
determined by the Nyquist Sampling Theorem, which 
simply states that any signal may be completely re-con­
structed from its representative sampling if it is sampled at 
least twice the maximum frequency of interest. The 
telephone system, being a worldwide standard 8kHz 
sampling system, satisfies Nyquist, as all voice signals are 
band-limited to 4kHz. When the vOice waveform is 
sampled, a train of short pulses is produced, each repre­
senting the amplitude of the waveform at the specific 
instant of sampling. This process is called Pulse Ampli­
tude Modulation (PAM). The envelope of the PAM 
samples replicate the original waveform. Figures 1 A thru 
1 D illustrate representative PAM samples for up to 24(30) 
individual voice channels in a IJ-Law (A-Law) telephone 
system. 

There are relatively large intervals between each PAM 
sample that may be used for transmitting PAM samples 
from other voice channels. Interleaving several voice 
channels on a common bus is the fundamental principle 
of Time Division Multiplexing (TDM). As the number of 
voice channels on the TDM bus increases, the time alloted 
to each sample is reduced, and bandwidth requirements 
increase (See Figure 1 E). 

HANOLIMITEO ~ 
VOICE CHANNELS "-

CH1~ : ~ 
I I I I 

I ! : i 
I 

CH2 L--+---'''''''---r--=fL-_-+_-''r_~'--W+ 

FIGURE 1 (A THROUGH El. 

3.0 Quantizing 

The PAM samples still represent the voice signal in analog 
form. For digital transmission, further processing is 
required. Pulse Code Modulation (PCM) is a technique 
used to convert the PAM samples to a binary weighted 
code for digital transmission. PCM coding is a two step 
process performed by the CODEC. The first step is 
quantization, where each sample is assigned a specific 
quantizing interval. The second step is PCM coding of the 
quantizing interval into an 8 bit PCM code word. Each is 
discussed in the text that follows. 

Converting PAM samples to a digital signal involves 
assigning the amplitude of a PAM sample one of a whole 
range of possible amplitude values, which are divided into 
quantizing intervals. There are 256 possible quantizing 
intervals, 128 positive and 128 negative. The boundaries 
between adjacent quantizing intervals are called decision 
values. 
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If PAM samples are uniformly quantized, there will be 
situations where several different amplitude values will be 
assigned the same quantizing interval during encoding. 
Then, during decoding, one signal amplitude value is re­
covered for each quantizing interval which corresponds 
to the midpoint of the quantizing interval. This results in 
small discrepencies that occur between the original wave­
form and the quantized approximation; i.e., infinite analog 
levels in the original waveform being assigned finite quan­
tizing intervals. These discrepancies result in a quantizing 
noise or quantizing distortion, the magnitude of which is 
inversely proportional to the number of discrete quantiz­
ing intervals. These noise signals may be of the same 
order of magnitude as the input signal, thereby reducing 
the signal to quantizing noise ratio to an intolerable level. 
For this reason non-uniform quantization is used. Large 
signals need a smaller number of quantizing intervals, 
while small signals require a larger number of quantizing 
intervals. Such a non-uniform quantization process is de­
fined as companding characteristics by both Bell and 
CCITT. 

The PCM CODEC performs this non-uniform or 
non-linear quantization through /i-Law or A-law 
companding characteristics shown in Figure 2. This 
process enhances lower amplitude signals, to allow them 
to compete with system noise, and attenuates higher 
amplitude signals, preventing them from saturating the 
system. This form of signal compression results in a 
relatively uniform signal to quantization noise ratio, 
approaching 40dB for a wide range of input amplitudes. 
Also, the dynamic range approaches that of a 13(11) bit 
A/D or 80(66)dB for /i-Law (A-Law) companding. The 
digital realization of this companding process is obtained 
by a segment and chord piecewise linear approximation 
to a semi-logarithmic function. 

Both the /i-Law and A-law companding characteristics 
are composed of 8 linear segments or chords in each 
quadrant. Within each chord are 16 uniform quantization 
intervals, or steps. With /i-Law, moving away from the ori­
gin, each chord is twice the width of the preceding chord, 
and each group of 16 uniform steps is twice the width of 
the preceding group. It is also referred to as the 15 seg­
ment characteristic. The first chord about the origin in the 
positive and the negative quadrant are of the same slope 
and are therefore considered one chord (chord 0). 
With A-law, the first two chords and step groups in each 
quadrant are uniform. Successive chords and steps follow 
the same pattern as /i-Law. A-Law is referred to as the 13 
segment characteristic. The first two chords about the ori­
gin in the positive quadrant, and the first two chords about 
the origin in the negative quadrant are all of the same 
slope and therefore are considered one chord (chord 1). 
There are 64 uniform steps in chord 1, 32 positive and 32 
negative. However, for purposes of encoding and decod­
ing samples that fall into the quantization intervals in 
chord 1, a different 3 bit chord code (refer to Figure 3) is 
assigned for the first segment of 16 uniform steps closest 
to the origin and the next segment moving away from the 
origin. Chord 1 in A-Law is twice that of chord 0 in /i-Law. 

QUANTIZING +128 
INTERVALS 

CHORD 6 

STfP CHORDS 

'" INPUT SIGNAL [REFEARED TO 11 

-'28 

FIGURE 2. 

The /i-Law companding characteristic is used primarily in 
North America and Japan, while A-Law is used primarily 
in Europe. The differences are minimal and are summa­
rized below: 

/i-Law 
• Step sizes double for each successive chord 

• Virtual edge = +/-8159 units 

• Input level = 3.172dBmO 

• 2 codes for 0 input 

A-Law 
• Step sizes double for each successive chord after 

the second chord 

• Virtual edge = +/-4096 units 

• Input level = 3.14dbmO 

• No code for 0 input 

The input level is determined with reference to the power 
level at the central office or 'switch'. That point is referred 
to as the zero transmission level pOint (OTLP). All CODEC 
measurements must be translated to the OTLP. The unit of 
translated level is the dBmO (dB relative to 1 mW referred 
to a transmission level of OTLP). 

There is no absolute voltage standard for the CODEC, 
however, a standard exists relative to full scale. The point 
at which the CODEC begins to clip is called the virtual 
edge. It is measured in normalized voltage units or steps, 
+/-8159 steps for /i-Law and +/-4096 steps for A-Law. If a 
PAM sample representing the peak of a voice input signal 
hits the virtual edge of a /i-Law system, it has a relative 
power of +3.172dBmO. The corresponding A-Law relative 
power is +3.14dBmO. These numbers are chosen to 
minimize intrinsic gain error at OdBmO and 1000Hz. 
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4.0 Encoding 
The second stage of conversion to binary PCM data for 
transmission involves the coding of the 256 quantizing in­
tervals assigned to the individual PAM samples into 8 bit 
binary words (7 data bits plus 1 sign bit). The MSB in each 
word is a polarity bit indicating a 1 for positive quadrant 
quantizing intervals, and a 0 for negative quadrant quan­
tizing intervals. The next three bits represent the chord, 
and the last four bits identify the step within the chord. 
The 8 bit PCM word partitioning is illustrated in Figure 3. 

BIT NUMBER 1 2 3 4 5 6 7 8 

BIT WEIGHT-MSB +/- 26 25 24 23 22 21 20 LSB 

SIGN CHORD STEP 

FIGURE 3. 

A-Law and iJ-Law coding about the origin differ. iJ-Law 
defines two codes for OV input while A-Law defines no 
code for OV input (see Figure 4). The two iJ-Law zero 
codes represent a normal quantization step that is divided 
into halves by the y-axis of the companding curve (refer to 
Figure 2). These half steps represent the lowest resolvable 
signal of the iJ-Law characteristic. 

BINARY 
INPUT EQUIV. p.-LAW A-LAW 

+FULL SCALE 11111111 10000000 10101010 
+CENTER 10000000 11111111 11010101 
-CENTER 00000000 0111 1111 0101 0101 
-FULL SCALE 01111111 00000000 0010 1010 

FIGURE 4. 

5.0 Multiplexing and Transmission 
Each 8 bit PCM word is transmitted in its respective time 
slot, which is assigned to each CODEC by the system 
controller (See App. Note 5.70). A number of PCM words 
may be transmitted consecutively from different 
channels, creating a PCM TDM signal for transmission. 
Each CODEC channel has an average data rate of 8K 
samples/sec x 8 bits = 64kbits/s. This means that within a 
1/8kHz = 125iJs period, 24(30) PCM words of 8 bits each 
are transmitted consecutively in aiJ-Law (A-Law) system. 

5.1 J1-Law Systems 
For iJ-Law systems, the bus format allows 24 groups, or 
timeslots, of 8 bit PCM words, plus one synchronization 
(sync) bit for a total of 193 bits per frame (see Figure 5). 
This sync bit partitions the boundary between timeslots 
24 and 1, and allows the time slot counter at the receive 
end to maintain sync with the transmit end. All signalling 
information is contained in bit 8 (LSB) of the PCM word. 
These multiplexed frames of 24, 193 bit channels consti­
tute the 1.544MHz T1 transmission channel. 

5.2 A-Law Systems 
For A-Law systems, the bus format groups data into 32 
timeslots of 8 bit PCM words each, giving 30 voice chan­
nels plus one 8 bit sync and alarm channel, and one 8 bit 
signalling channel. The sync and alarm, and signalling in 

formation are contained in channels 0 and 16, respec­
tively (see Figure 5). Bits 2, 4, 6, and 8 are inverted for 
transmission per CCITT recomendation. These multi­
plexed frames of 32, 256 bit channels constitute the 
2.048MHz PCM30-CEPT (Committee of European Postal 
and Telegraph) transmission channel. 

--1-__ CHANNEll __ -t-__ CHAHIIEl2 ---i 

i ... -.. p-LAWSIBNALLING / 
SYNC 81T I I ____ ... 'IFORMATlOIL (HI 

IICH24,fiI CHI I CH2 I ,1\31 '"'ill CH" 1",*,24\ I f.~:" 
SYNC AND ALARM 18·81TSI I SIGNALLING [8·BITS) 

IICH,Jm 'HI I 'H2 I "31~ :::,' 

I 
FIGURE 5. 

6.0 Line Coding 
PCM code generated by the CODEC function is in 
Non-Return to Zero (NRZ) format. It cannot effectively be 
transmitted directly on a transmission line because the 
signal contains a DC component and lacks timing 
information. 

An additional coding step is necessary which converts 
NRZ code to a pseudo ternary code suitable for 
transmission. Practical coding schemes include Alternate 
Mark Inversion (AMI), Bipolar with N Zero Substitution 
(BNZS), and High Density Bipolar 3 (HDB3) coding. 
These schemes eliminate the dc component of NRZ code. 
thereby eliminating the troublesome dc wander 
phenomenon. They also provide a means for detecting 
line coding errors, and enhance synchronization between 
transmitter and receiver through reduction of timing jitter. 
For additional information, refer to Application Note 573, 
"The HC-5560 Transcoder", by D. J. Donovan. 

7.0 Demultiplexing 
After transmission, the CODEC must recover the 8 bit 
PCM words from the TDM signal, sort out, decode, and 
distribute the PCM information appropriately. The 
demultiplexing process is fully controlled electronically. 

B.O Decoding 
The CODEC receive function allocates a signal amplitude 
to each 8 bit PCM word which corresponds to the 
midpoint of the particular quantizing interval. The 
expanding characteristic is the same as that for non-linear 
companding on the transmit side. If the LSB of a iJ-Law 
PCM word contains signalling information, it is extracted 
by the CODEC, latched into a flip-flop, and distributed to 
the CODEC signalling output (Si9R). This means that 
there is a lost bit (LSB) in the incoming PCM data stream 
during a signalling frame. The decoder interprets the 
missing LSB as a 1/2 (i.e. halfway between a 0 and a 1) to 
minimize noise and distortion. The PCM words are 
decoded in the order in which they are received and then 
converted to PAM pulses. The PAM pulses are summed. 
then low pass filtered, which smoothes the PAM envelope 
and reproduces the original voice signal. 
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HC-5512 PCM FILTER 

CLEANS UP CVSD CODEC SIGNALS 
P. G. Phillips and D. J. Donovan 

The HC-5512 is a CMOS switched capacitor PCM Filter 
originally designed for use with the PCM CODEC to filter 
transmit and receive audio signals. It can also be used as an 
inpuVoutput filter for the HC-55564 CVSD. This offers the 
designer extremely high quality filter characteristics for a 
minimum componet count and system cost. 

The HC-5512 Filter is manufactured using double-poly 
silicon gate CMOS technology. Switched capacitor 
integrators are used to simulate LC ladder filters with low 
component sensitivity. The IC contains two switch­
ed capacitor filters. The transmit filter is a fifth order 
elliptic low pass filter cascaded with a fourth order 
Chebyshev high pass filter. It has a flat band pass res­
ponse and rejects signals of frequencies less than 200Hz 
and greater than 3.4kHz. The receive filter is a fifth order 
elliptic low pass filter with SINX/X compensation. The 
response of this filter can be tailored for CVSD use with an 
external RC network to flatten the SI NX/X correction 
characteristic. 

The HC-55564 is a half duplex modulator/demodulator 
CMOS integrated circuit used to convert voice signals 
into serial NRZ digital data and reconvert that data into 
voice. Continuously Variable Slope Deltamodulation 

(CVSD) is the method of conversion. As in any sampling 
system, the reconstituted signal contains noise due to 

switching. In addition, to prevent alias distortion, the in-

Transmit FilterStage 
10 
+3 

0 
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; -20 
w 
c -30 :::> 

J 1\ , 
I 

.... 
:::; -40 ... 
:;; 
C( -50 

-60 

-70 
0.1 10 

FREQUENCY (kHzl 

FIGURE 1A. TRANSMIT FILTER STAGE 

put signal must be filtered to remove frequencies above 
one-half the sampling frequency. In order to minimize 
these unwanted noise frequencies, and to pre-condition 
the input signal, it is necessary to filter the input and the 
decoded output of the CVSD. 

The transmit and receive filter responses are shown in 
Figures 1A and 1 B. The transfer characteristic of the 
CVSD is illustrated in Figure 2. A suggested circuit con­
figuration is shown in Figure 3. 

The HC-5512 filter is configured such that it utilizes a 
2,048MHz clock for the switched capacitors. A 16kHz or 
32kHz sampling clock for the CVSD is easily derived as 
shown in Figure 3. A 32kHz sampling clock is 
recommended to enhance noise performance, frequency 
response, and dynamic range of the CVSD. For the circuit 
as shown the audio signal into the CVSD should be 1Vp-p 
over the 3.2kHz band to obtain a flat response, As can be 
seen from Figure 2, for lower frequency signals, higher 
signal levels can be used, However, an external 
compensation network is required to flatten the inherent 
SINXIX output response of the receive filter stage (see 
Figure 1 B). RA, RB and CA form a simple lead lag filter at 
the output of the receive filter in the HC-5512. This 
introduces a pole at 1 kHz and a zero at 3,3kHz in order to 
give some degree of compensation against the filter's 
SINX/X characteristics, 
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FIGURE 1B. RECEIVE FILTER STAGE 
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The CVSD is AC coupled to the filter since the audio 
in/out ports of the CVSD are DC biased at VDD/2. (in fact, 
audio can be directly coupled to VFRI if desired.) It is often 
necessary to provide a side tone back to the user headset 
so the speaker may hear his own voice, thus preventing a 
dead feeling in the instrument. The side tone is provided 
at the audio out pin of the CVSD during the encode opera­
tion and is of the same amplitude as the input signal, 
transfer gain excepted. 

Additional information on CVSD is contained in Applica­
tion Note 607. 

SIGNAL LEVEL 
OUTPUT Id! I 

-Od! 

-6dS 

-12dS 

-I!d! 

-lid! IN 

-idS IN 

-12d! IN 

-ISd! IN 

Od! IN ~ I.20V RJS 
VOD = +5V 

~ 
~ 
~ 

""" 
The CVSD has an Automatic Gain Control (AGC) output. 
The signal present is a digital output whose duty cycle is 
proportional to the average input audio level. The signal 
may be integrated to provide feedback information to an 
AGC amplifier or a voice level indicator. 

-24<1! 

-30dS 

-24d! IN 

~ -30d! IN 

The Force Zero (FZ) input to the CVSD is used to reset all 
the internal counters at the start of an encode or decode 
cycle to prevent momentary overload. It will also recover 
the part from a latch-up condition. Cycling FZ during 
power-up sequencing is recommended. A suggested 
power-up reset circuit is shown in Figure 3 on the FZ 
control line. During the time FZ is active (low), an 
alternating 1,0 quieting pattern appears at the NRZ output 
which is at half the sampling clock rate, and is decoded 
inaudible. The quieting pattern may also be generated by 
activating the Alternate Plain Text (APT) input (low), or by 
removing the signal from the audio input pin. 

32kHz 

O.I/J 

AUDIOINIVp-p 
FORI.:s.3.3kHz 

IAPTlo--------"-''-..;..;.;;===-..--l 

-3id! -36dS IN 
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FIGURE 2. TRANSFER FUNCTION FOR CVSD AT 16KB 
Illustrates the frequency response of the HC-55564 for varying input 
levels. To prevent slope overload (slew rate limiting) do not exceed the OdS 
boundary. The frequency response is directly proportional to the sampling 
rate. The output levels were measured after filtering. 
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No. 607 Harris Analog 
DELTA MODULATION FOR VOICE TRANSMISSION 

By Don Jones 

Introduction To Deltamod 
Delta modulation has evolved into a simple, efficient 
method of digitizing voice for secure, reliable com­
munications and for voice I/O in data processing. 

To illustrate basic principles, a very simple delta 
modulator and demodulator are illustrated in Figure 
1. The modulator is a sampled data system employ­
ing a negative feedback loop. A comparator senses 
whether or not the instantaneous level of the analog 
voice input is greater or less than the feedback signal. 
The comparator output is clocked by a flip-flop to 
form a continuous NRZ digital data stream. This 
digital data is also integrated and fed back to the 
comparator. The feedback system is such that the 
integrator ramps up and down to produce a rough 
approximation of the input waveform. An identical 
integrator in the demodulator produces the same 
waveform, which when filtered, reproducf;s the 
voice. 

One can see that the digital data O's and "s are com­
mands to the integrators to "go up" or "go down" 
respectively. Another way of looking at it is that the 
digital data stream also has analog significance; 
it approximates the differential of the voice, since 
analog integration of the data reproduces the voice. 

Note that the integrator output never stands still; 
it always travels either up or down by a fixed amount 
in any clock period. Because of its fixed integrator 
output slope, the simple delta modulator is less than 
ideal for encoding human voice which may have a 
wide dynamic amplitude range. 

The integrator cannot track large, high frequency 
signals with its fixed slope. Fortunately, human 
speech has statistically smaller amplitudes at higher 
frequencies, therefore an integrator time constant of 
about 1 millisecond will satisfactorily reproduce voice 
in a 3kHz bandwidth. 

A more serious limitation is that voice amplitude 
changes which are less than the height of the inte­
grator ramp during one clock period cannot be 
resolved. So dynamic range is proportional to clock 
frequency, and satisfactory range cannot be obtained 
at desirable low clock rates. 

A means of effectively increasing dynamic range is 
called "companding" (compressing-expanding); where 
at the modulator, small signals are given higher 
relative gain, and an inverse characteristic is produced 
at the demodulator. 

The CVSD: A popular effective scheme for com­
panded delta modulation is known as CVSD (contin­
uously variable slope deltamod) shown in Figure 2. 
Additional digital logic, a second integrator, and an 
analog multiplier are added to the simple modulator. 

Under small input signal conditions, the second 
integrator (known as the syllabic filter) has no 
input, and circuit function is identical to the simple 
modulator, except that the multiplier is biased to 
output quite small ramp amplitudes giving good 
resolution to the small signals. 

A larger signal input is characterized by consecutive 
strings of l's or O's in the data as the integrator 
attempts to track the input. The logic input to the 
syllabic filter actuates whenever 3 or more consec­
utive O's or l's are present in the data. When this 
happens, the syllabic filter output starts to build 
up, increasing the multiplier gain, passing larger 
amplitude ramps to the comparator, enabling the 
system to track the larger signal. Up to a limit, 
the more consecut'ilie l's or O's generated, the. larger 
the ramp amplitude. Since the larger signals increase 
the negative feedback of the modulator and the 
forward gain of the demodulator, companding takes 
place. By listening tests, the syllabic filter time 
constant of 4 to 10 milliseconds is generally consid­
ered optimum. 

An outstanding characteristic of CVSD is its ability, 
with fairly simple circuitry, to transmit intelligible 
voice at relatively low data rates. Companded PCM, 
for telephone quality transmission, requires about 
64K bits/seG data rate per channel. CVSD produces 
equal quality at 32K bits/sec. (However, at this 
rate it does not handle tone signals or phase encoded 
modern transmissions as well.) 

CVSD is useful at even lower data rates. At 16K 
bits/sec the reconstructed voice is remarkably natural, 
but has a slightly "Fuzzy Edge". At 9;6K bits/sec 
intelligibility is still excellent, although the sound 
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is reminiscent of a damaged loudspeaker. Of course, 
very sophisticated speech compression techniques 
have been used to transmit speech at even lower data 

CLOCK~ 

The Digital CVSD 

Delta modulated data is in a form which can be 
digitally filtered with fairly simple circuitry. A 
compatible CVSD can be made using digital integrat­
ors and multipliers driving a digital-to-analog con­
verter. The block diagram of the Harris HC-55564 
monolithic CVSD is shown in Figure 3. 

The CMOS digital circuit functions of Figure 3 
closely parallel the equivalent analog function in 
Figure 2. The filters are single pole recursive types 
using shift registers with feedback. A digital multi­
plier feeds a 10 bit R-2R DAC which reconstructs 
the voice waveform. The DAC output is in steps, 
rather than ramps. 
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rates; but CVSD is an excellent compromise between 
circuit simplicity and bandwidth economy. 

vOice 
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Figure 3 - HC-55564 CVSD Functional Diagram 



The digital CVSD has a number of advantages over 
its analog counterpart, and has desirable features 
which would otherwise require additional circuitry: 

1) The all CMOS device requires only 1 mA current 
from a single +4.5V to +7V supply. 

2) No bulky external precision resistors or capaci­
tors are required for the integrators; time 
constants of the digital filters are set by the 
clock frequency and do not drift with time or 
temperat!;lre. 

3) For best intelligibility and freedom from listener 
fatigue, it is important that the recovered audio 
is quiet during the pauses between spoken words. 
During quiet periods, an alternate "1 ", "0" 
pattern should be encoded, which when decoded 
and filtered will be inaudible. Achieving this 
in the analog CVSD requires that up and down 
ramp slopes are precisely equal and that offsets 
in the comparator and amplifiers are adjusted 
to zero. I mproper adjustment or excessive 
component drift can result in noisy oscillations. 
In the digital design, comparator offset and 
drift are adjusted by a long up-down counter 
summed to the DAC to insure that over a period 
of time equal numbers of 1 's and O's are gen­
erated. 

An added feature is automatic quieting, where if 
the DAC input would be less than 2 LSB's the 
quieting pattern is generated instead. This has 
proven to aid intelligibility. 

4) To prevent momentary overload when beginning 
to encode or decode, it is desirable to initial­
ize the integrators. In the analog CVSD, external 
analog switches would be required to discharge 
the capacitors. 

In the digital CVSD, the filters are reset by 
momentarily putting the "Force Zero" pin low. 
At the same time, a quieting pattern is generated 
without affecting internal encoding by putting 
the "Alternate Plain Text" pin low. 

5) In some analog CVSD designs, transient noise 
will be generated during recovery from a low 
frequency overdriven input condition. The 
digital CVSD has a clipped output with instant 
recovery, when overdriven. 

6) Half-duplex operation (using the same device, 
switching between the encode and decode 
functions) requires external circuits with the 
analog CVSD, while the digital type is switched 
internally by a logic input. 
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Applications Of Delta 
Modulation 

1) Telecommunications: Digitized signals are easily 
routed and multiplexed with low cost digital 
Qfltes. Voice channels may be easily added to 
existing multiplexed digital data transmission 
systems. The digital signals are much more 
immune to crosstalk and noise when transmitted 
over long distances by wire, R.F., or optical 
paths. CVSD has better intelligibility than 
PCM when random bit errors are introduced 
during transmission. 

2) Secure Communications: Digital data can be 
quite securely encrypted using fairly simple 
standard hardware (Figure 4a). Scrambled 
speech for audio channels may also be accomp­
lished by encoding into a shift register, then 
selecting different segments of the shifted data 
in pseudo-random fashion and decoding it 
(Figure 4b). 

3) Audio Delay Lines: Although charge-coupled 
deviced (CCD) will perform this function, they 
are still expensive and choice of configurations 
is quite limited. Also, there is a practical limit 
to the number of CCD stages, since each intro­
duces a slight degradation to the signal. 

As shown in Figure 5, the delay line consists of 
a CVSD modulator, a shift register and a de­
modulator. Delay is proportional to the number 
of register stages divided by the clock frequency. 
This can be used in speech scrambling, as ex­
plained above, echo supression in PA systems; 
special echo effects; music enhancement or 
synthesis; and recursive or nonrecursive filtering. 

4) Voice I/O: Digitized speech can be entered 
into a computer for storage, voice identification, 
or word recognition. Words stored in ROM's, 
disc memory, etc. can be used for voice output. 
CVSD, since it can operate at low data rates, 
is more efficient in storage requirements than 
PCM or other A to D conversions. Also, the 
data is in a useful form for filtering or other 
processing. 

Figure 4a - Digital Transmission Encription 

Figure 4b - Voice Transmission Scrambling 
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Figure 5 - Audio Delay Line 
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Figure 6 - CVSD Hookup for Evaluation 

+ ENCDDE 

.. DECODE 

Figure 6 illustrates a simple evaluation breadboard 
circuit for the HC-55564. A si'ngl.e device is suf­
ficient to evaluate sound quality, etc. since, when 
encoding, the feedback signal at pin 3 is identical to 
the decoded signal from a receiver. The following are 
some pointers fQr using the devices: 

1) 

2) 

3) 

4) 

Power supply decoupling is essential with the 
capacitor (Cl in Figure 6) located close to the 
I.C. 

Power to the I.C. must be present before the 
audio input, the clock, or other digital inputs 
are applied. Failure to observe this may result 
in a latchup condition, which is usually not 
destructive and may be removed by cycling 
the supply off, then on. 

Signal !jround (pin 2) should be externally 
connected to pin 8 and power ground. It IS 

recommended for noise-free operation that the 
audio input and output ground returns connect 
directly to pin 2 and to no other grounds in the 
system. Pins 6 and 7 must be open circuited. 

Digital inputs and outputs are similar to and 
compatible with standard CMOS logic circuits 
using the same supply voltage. The illustrated 
10K pullup resistors are necessary only with 
mechanical switches, and are not necessary when 
driving these pins with CMOS. Unused digital 
inputs should be tied to the appropriate supply 
rail for the desired operation. TTL output, 
however, will require pullup resistors (about 1 K) 
to obtain the required CMOS input levels. 
Pins 4 and 14 will drive CMOS logic, or each 
can drive one low power TTL input. 

5) Capacitor coupling is recommended for the 
audio in and out (pins 3 and 5) as each pin is 
internally biased to about 1/2 the supply voltage. 

6) The AGe output (pin 4) is a digital output, 
whose duty cycle is dependent on the average 
audio level. This may be externally integrated 
to drive an AGC preamplifier; or it could be 
used (through a buffer gate) to drive an LED 
indicator to indicate proper speaking volume. 

7) To prevent generation of alias frequencies, the 
input filter should reduce the audio amplitude 
at frequencies greater than half the clock rate 
to less than 12 millivolts peak-to-peak. 

8) The PCM Filter shown in the data sheet lends 
itself well as a cost-effective input/output filter 
to the CVSD. 

9) A suggested receiver clock ci.rcuit is a free run­
ning multivibrator, synchronized at each transi­
tion of the incoming data. Any synch errors 
occurring during reception of long strings of 
zeros or ones will have negligible effect on the 
decoded voice. 

Figures 7 though 11 illustrate some typical audio 
output (before filtering) and digital output wave­
forms. To make the scope picture stationary, the 
audio input generator was synchronized with a 
submultiple of the clock frequency. 

Figure 7 shows the results of a large low frequency 
sine wave. The somewhat jagged peaks are typical 
of all CVSD systems. Note that the digital output is 
continuous "ones" while the waveform is slewing 
down and continuous "zeros" while slewing up. 

Figure 8 shows the excellent recovery from over­
driven conditions at low frequency. Some analog 
type CVSD's have trouble recovering from this 
condition. 

As mentioned previously, CVSD's cannot handle 
large signals at high frequencies (but these are not 
generally present in the human voice). Figure 9 
shows this limitation where the voice output is 
slewing at its maximum rate, but cannot catch up 
with the input. At reduced amplitudes, however, 
the same signal can be reproduced, as shown in 
Figure 10. 

The transfer function curve on the data sheet shows 
that at HlkHz clock rate, a 1.2V RMS signal can be 
tracked up to 500Hz. With a 32kHz clock, the 
same curves may be used, but with each of the 
indicated frequencies doubled. Likewise, each of 
the SN R figures shown on the data sheet will be 
6dB better with a 32kHz clock. 

Figure 11 shows the 10 millivolt voice output wave­
form at 1/2 the clock rate, when there is nQ audio 
input. After filtering, this signal is inaudible. 
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Figure 7 - CVSD Large Signal Sine Wave Reconstruction 
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Figure 8 - CVSD Large Signal, Low Frequency 
Clipped Waveform 
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Figure 9 - CVSD Large Signal, High Frequency Slew Limiting 
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Figure 10 - CVSD Small Signal Sine Wave Reconstruction 
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Figure 11 - CVSD Zero Signal Idle Pattern 
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PKG. LEAD DIM. 
CODE COUNT A 

A 8 -
Ssi :200 

Bl ...1! -
MSI .200 

B2 14 -
Lii .200 

Cl I.' -
"Msi .200 

C2 16' -
Lsi .200 

D ..1!. -
LSI .200 

E 20 -
Lii .200 

Package Configuration 

.300 CERAMIC DUAL-IN-LINE 

1-----D-----ILs1 

DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. 
AI B Bl C D E El e L Ll 

.140 .016 .050 .008 .375 .245 .290 .100 .125 ~ 
T6ii .023 :o6s .015 :39s" T65 .310 BSC TsO -
.140 .016 .050 .008 .753 .265 .290 .100 .125 ~ m -:D23 :Ds5 :o:i5 .785 :2s5 Fa iiSC .180 -
:ill. .016 .050 .008 .753 .285 .300 .100 .125 :1!! 
.170 Ji23 :ii65 :o:i5 :7ii5 :305 :320' iiSC :1iii -
.140 .016 .050* .008 .753 .265 .290 .100 .125 :1!! m F3 :Di5* Fs :7ii5 :2s5 :310 iiSC :iiiO -
.140 .016 .050* .008 .753 .285 .300 .100 .125 :1!! 
.170 F3 ]6s"; :o:i5 .78s :305 :320' BSC :iiiO -
.140 .016 ~* ~ .om. .285 .300 .100 ~ ~ m F3 .065* .015 .915 :305 .320 BSC .180 -
.140 .016 .050" .008 .940 .285 .300 .100 .125 ~ 
:170 :m :oss; Fs Fa :305 Fo BSC .1iii -

0.035 
* End leads are half leads where B remains the same and B1 is __ 

** Solder dip finish add +0.003 inches 0.045 

.400 CERAMIC DUAL-IN-LINE 

.600 CERAMIC DUAL-IN-L1NE 

DIM. DIM. DIM. 
S SI Q 

- .005 .015 
.055 - :ii6ii -
- ~ .015 

.098 - :ii6o 

- ~ .015 
.098 - :iiiiO 

- ~ .015 
.iiBii - :iiiiO 

- ~ .015 
.080 - :060 

- .:9.2!. .&.!!. 
.098 - .060 

~ E!l 
.iiBii - .060 

~ ______ D _____ S~1~-1~I~~ 

I a t - -

~E , 

*C--!/- E1 a 

PKG. LEAD DIM. DIM. DIM. DIM. DIM. OIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. 
CODE COUNT A AI B Bl C D E El L Ll S 81 Q 

22 .150 .016 .050 .008 1.055 .375 .395 .100 .125 :1!! ~ .015 
.400 Lsi .225 .1iii :m :0&5 :o:i5 f:Oi5 :395 Fs iiSC TaO .iiBii' :060 

G 24 .150 .016 .050 .008 1.24 .515 .~ ~ ~ :W. ~ ~ 
.600 LSI .225 :iiiO :023 :o&s" Fs 127' .535 .615 BSC .180 .098 .060 

H 2S .160 .016 .050 .008 1.44 .515 .595 .100 ~ ~ ~ .015 
.800 LSI .225 ::i9o .023 .065 :DiS 1:47 :535 :&is BSC .180 .098 :D6o 

• Solder dip finish add +0.003 inches. 

DIM. 
a 

0° 
150 

0° 
150 

0° 
150 

0° 
15° 

0° 
:;So 

0° 
15° 

0° 
150 

DIM. 
a 

0° 
150 

0° 
150 

0° 
150 

NOTE: Dimensions are M!!!.. Dimensions are in inches. 
. Max BSC means basic spacing between centerlines. 
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Package Configuration 

.300 SIDEBRAZE DUAL-IN-LINE 

--------D------------~ 

.600 SIDEBRAZE DUAL-IN-LINE 

ttl 0 

A! 
L! j 

- e 
S1 

PKG. LEAD DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. 
CODE COUNT A A1 B B1 C D E E1 

24 .080 .016 .040 .008 1.185 .587 .598 m -:1iii' :023 :Os4 Fs ffi5 :&iii .612 

K 28 .080 .016 .040 .008 1.385 .587 .598 
:225 -:1iii' .023 :Os4 .015 rns :&03 .612 

40 .060 .016 .040 .008 1.980 .587 .598 
.225 .110 Fa :Os4 F15 2.020 .603 :&12 

NOTE: Dimensions are!:1l!l. Dimensions are in inches. 
Max 

11-3 

DIM. 

.100 
iSc' 

.100 
BSC 

.100 
iSc' 

g, 
E1 

DIM. DIM. DIM. DIM. 
L1 $ $1 

.125 .150 .005 
TaO .080 

.125 .150 .005 
TaO .080 

.125 ~ ~ 
TaO .iiiO' 

DIM. 
a 

.025 :o.s 

DIM. 
a 

.040 

.060 

.030 

.0&0 

.040 

.ii60 

sse means bssic spacing between centerline •. 
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Package Configuration 

.300 PLASTIC DUAL-IN-LiNE 

PKG. LEAD DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. 
CODE COUNT AI B Bl C D E El S Q (J 

M .125 .016 .050 .008 .370 .245 .290 .090 .110 
T4ii F23 .070 .015 .390 .265 Fa Fa :i5o 

N 14 .125 .016 .050 .008 .750 .245 .290 .090 .110 
.140 .023 .070 T15 :no Ts5 T1D T10 :i5o 

a 16' .125 .016 .050 .008 .750 .245 .290 .090 .110 
:14iJ .023 .070 :oi5 :no .265 .310 .110 Tsii 

18 .125 .016 .050 .008 .900 .245 .290 .090 .110 
T4ii .023 Fa :oi5 .920 Ts5 Fa :no Tsii 

Q 20 .130 .016 .050 .008 1.030 .250 .290 .090 .110 
.145 :ii23 .070 T15 i:05ii .270 :310 :110 ill 

0.035 
• End leads are half leads where B remains Ihe same and B 1 is --

•• Solder dip finish add 0.003 inches . 0.045 

. 600 PLASTIC DUAL-IN-LINE 

.030 .020 
:ii5o :040 

.030 .020 
Ji50 :ii4O 

.025 .020 
T35 .040 

.040 .020 

.060 :040 

.060 .020 
:oao :040 

00 

150 

0° 
15° 

0° 
150 

L-I D I 

A~~jt i i L.,-l=:.=i 
L 'B e S CL 

*Bl 

PKG. LEAD DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. 
CODE COUNT AI B Bl C D E El L S Q (J 

R 24 .145 .016 .050 .008 1.24 .540 .590 .090 .110 .045 .020 0° 
:iSs :ii23 :oro T15 1.26 .560 T10 "T1ii :i5o T95 .040 150 

28 .145 ~ .050 .008 1.54 .540 .590 .090 .110 .110 .020 0° 
.155 .023 :oro ,015 T.57 .560 T10 m "TsO :160 F40 150 

• Solder dip finish add 0.003 inches. 

NOTE: Dimensions are M!!:!.. Dimensions are in inches. 
Max 

Bse means basic spacing between cenlerlines. 
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Package Configuration 

.350 CERAMIC LEAD LESS CHIP CARRIER* 

.450 CERAMIC LEADLESS CHIP CARRIER* 

.650 CERAMIC LEADLESS CHIP CARRIER* 

BonOMVlEW 

~ 
PKG. LEAD DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. 

CODE COUNT A AI B D L2 

T 20 .073 .063 .022 .342 .342 .050 .045 .075 
:asoSa 'Fa9 -:on Ji2ii' :3s8 Fa BSC :Os5 :095 

U 28 ~ .064 .022 .442 .442 .050 .045 .075 
:45ii'Sa .088 :ii76 Fa Asii Asi BSC Ts5 :D95 

V 44 .073 .063 .022 .643 .643 .050 .045 .075 
.ii5'OSo Fa F77 Fa :&s2 :&&2 iSC :Os5 :095 

• Solder dip finish for military perts conform to MIL-M-38S10, Type A. 

TO-99 METAL CAN 

TO-100METALCAN 

BonOMVlEW 

~ K 
1. 

KJ 

,pD 

-~~dl 
PKG. LEAD DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. 

CODE COUNT A q,B q,D K Kl Q 

W .165 .016 .345 .190 .020 .028 .028 .505 .015 
TO·99 Ta5 Fa :ru Fa :ii4ii :ii34 .040 :SsO :04ii 

x 10 .165 .016 .345 .220 .020 .028 .028 .505 .015 
TO-100 :ii5 ]1i Ts5 :240' Ji4ij :Oa4 .040 .550 JiiD 

• Solder dip finish add +0.003 inches. 

NOTE: Dimensions are M!!:!.. Dimensions are in inqhes. 
Max 

SSC means basic spacing between centerlines. 
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Package Configuration 

TO-8 METAL CAN 

SOTTOMVIEW 

PKG. LEAD DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. 

CODE COUNT A q.8 q.D . 02 F K Kl L 

Y 12 .130 .016 .585 .400 .100 .020 .027 .027 .500 
TO-8 TsO :m :&is BSc Sse :o4ii ]34 Ji4s Tsii 

PLASTIC LEADED CHIP CARRIER 

TOP VIEW SIDE VIEW 

.035R 

fir TYP. 

EEl -~ 
I 

llb~~ 
I 

I , 

~A~ 

PKG. LEAD DIM. DIM. DIM. DIM. DIM. DIM. DIM. 
CODE COUNT A 8 81 DIE DllEl 0 

AA 20 .165 .013 .026 .385 .350 .050 .020 
:180 li21 Ta2 39s Ts6 iiSc 

AB 28 .165 .013 .026 .465 .450 .050 ~ :iifo F21 .032 .495 Me Sse 

AC 44 .165 .013 .026 .685 .650 .050 .020 
:180 "]21 .032 :&95 Ts6 BsC 

NOTE: Dimensions are M!!:!.. Dimensions are in inches. 
Max 

sse means basic spacing between centerline •. 
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CMOS Digital Products 

CMOS Microprocessors 
80C286 . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . Static 16-Bit Microprocessor 
80C86 ............................... Static 16-Bit Microprocessor 
80C88 ............................... Static 8/16::'Bit Microprocessor 

CMOS Peripherals 
82C37 A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . High Performance Programmable DMA Controller 
82C54 ............................... Programmable Interval Timer 
82C55A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Programmable Peripheral Interface 
82C59A .. . . .. . . . .. . .. .. .. . .. . . .. . .. .. Priority Interrupt Controller 
82C82 ............................... Octal Latching Bus Driver 
82C83H .. . .. . . . . . .. .. .. .. . . . . . . .. . ... Octal Latching Inverting Bus Driver 
82C84A .. . . .. . . . .. . . . . . .. . . .. . .. . . ... Clock Generator Driver 
82C85 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Static Clock Controller/Generator 
82C86H . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Octal Bus Transceiver 
82C87H ........ , ......... " . . .. . . .... Octal Bus Transceiver (Inverting) 
82C88 ............................... Bus Controller 
82C89 ............................... Bus Arbiter 

Data Communications 
HD-15530. . . . . . . . . . . . . . . . . . . . . . . . . . .. Manchester Encoder-Decoder 
HD-15531 . . . . . . . . . . . . . . . . . . . . . . . . . . . . Manchester Encoder-Decoder 
HD-4702. . . . . . . . . . . . . . . . . . . . . . . . . . . . . Programmable Bit Rate Generator 
HD-6402............................. Universal Asynchronous Receiver Transmitter 
HD-6406 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Programmable Asynchronous Communication Interface 
82C50A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Asynchronous Communications Element 
82C52 ........... .. .. . . .. . . .. .. .. . ... Serial Controller Interval Timer 
HD-6408 ........................... " Asynchronous Serial Manchester Adapter 
HD-6409 . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Manchester Encoder-Decoder 

CMOS Memory 
HM-6504 ............................ 4K x 1 Synchronous RAM 
HM-6508 ............................ 1 K x 1 Sychronous RAM 
HM-6514 ............................ 1 K x 4 Synchronous RAM 
HM-6516 ............................ 2K x 8 Synchronous RAM 
HM-65162 ........................... 2K x 8 Asynchronous RAM 
HM-6518 ............................ 1 K x 1 Synchronous RAM 
HM-65262 ........................... 16K x 1 Asynchronous RAM 
HM-6551 ............................ 256 x 4 Synchronous RAM 
HM-6561 ............................ 256 x 4 Synchronous RAM 
HM-6564 ............................ 64K Synchronous RAM Module 
HM-65642 ........................... 8K x 8 Asynchronous RAM 
HM-6617 ............................ 2K x 8 Fuse Link PROM 
HM-6642 ............................ 512 x 8 Fuse Link PROM 
HM-8808/08A . . . . . . . . . . . . . . . . . . . . . . . . 8K x 8 Asynchronous RAM Module 
HM-8816H .. .. . .. .. .. . . . . . .. . .. . . .. . . 16K 8 Asynchronous RAM Module 
HM-8832 ............................ 32K x 8 Asynchronous RAM Module 
HM-92560 ............. . . . . . . . . . . . . .. 256K Synchronous RAM Module 
HM-92570 ........................... 256K Buffered Synchronous RAM Module 
HM-91 M2 . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 M-Bit Asynchronous RAM Module 

CMOS Programmable Logic 
HPL-16LC8 ........................... Programmable Logic 
HPL-16RC4 .......................... Programmable Logic 
HPL-16RC6 .......................... Programmable Logic 
HPL -16RC8 .. .. . . . .. . .. .. .. .. . . .. . ... Programmable LogiC 
HPL -82C339 . . . . . . . . . . . . . . . . . . . . . . . .. Programmable Chip Select Decoder (PCSD) 
HPL-82C338 . . . . . . . . . . . . . . . . . . . . . . . .. Programmable Chip SelectDecoder (PCSD) 
HPL-82C139 . . . . . . . . . . . . . . . . . . . . . . . .. Programmable Chip Select Decoder (PCSD) 
HPL-82C138 . . . . . . . . . . . . . . . . . . . . . . . . . Programmable Chip Select Decoder (PCSD) 
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CICO Radiation Hardened Products 

Memories 

HS-6508RH ....................... 1 K x 1 CMOS Static RAM (Synchronous) 
HS-6551 RH ....................... 256 x 4 CMOS Static RAM (Synchronous) 
HS-6504RH ....................... 4K x 1 CMOS Static RAM (Synchronous) 
HS-6514RH ....................... 1 K x 4 CMOS Static RAM (Synchronous) 
HS-65142RH ..................... 1 K x 4 CMOS Static RAM (Asynchronous) 
HS-65C162RH 
HS-65T162RH ................... 2K x 8 CMOS Static RAM (Asynchronous) 
HS-65C262RH 
HS-65T262RH ................... 16K x 1 CMOS Static RAM (Asynchronous) 
HS-6564RH ....................... 8K x 8 or 16K x 4 CMOS RAM Module (Synchronous) 
HS-6617RH ....................... 2K x 8 CMOS PROM (Synchronous) 
HS-76161RH ..................... 2K x 8 Bipolar PROM (Synchronous) 

Quad Power Strobe 

HS-6600RH ....................... Quad Power Strobe 

Microprocessor and Peripherals 

80C85 8-BIT MICROPROCESSOR FAMILY 

HS-80C85RH .................... 8-Sit CMOS Microprocessor 
HS-3374RH ....................... CMOSITTL Bidirectional Level Shifter 
HS-54C138RH .................. 3-Line to 8-Line CMOS Decoder/Demultiplexer 
HS-81C55/56RH ............... 256 x 8 CMOS RAM with I/O Ports and Timer 
HS-82C08RH .................... 8-Bit CMOS Bus Transceiver 
HS-82C12RH .................... 8-Bit CMOS I/O Port 
HS-83C55RH .................... 2K x 8 CMOS ROM with I/O Ports 

80C86 16-BIT MICROPROCESSOR FAMILY 

HS-80C86RH .................... 16-Bit CMOS Microprocessor 
HS-82C37ARH .................. CMOS Programmable DMA Controller 
HS-85C52RH .................... CMOS Serial Controller Interface 
HS-82C54RH .................... CMOS Programmable Interval Timer 
HS-82C55ARH .................. CMOS Programmable Peripheral Interface 
HS-82C59ARH .................. CMOS Programmable Interrupt Controller 
HS-82C85RH .................... CMOS Static Clock Controller/Generator 

Operational Amplifiers, Comparator & Regulator 

HS-3516RH ....................... High Slew Rate Wide Band Operational Amplifier 
HS-3530RH ....................... Low Power Programmable Operational Amplifier 
HS-3569RH ....................... Wide Range Dual Programmable Operational Amplifier 
HS-5104RH ....................... Quad Low Noise Operational Amplifier 
HS-3560RH ....................... High Speed Latching Comparator 
HS-3761 RH ....................... Regulating Pulse Width Modulator 

Multiplexers and Switches 

HS-508ARH ...................... 8 Channel CMOS Analog Multiplexer 
HS-1840RH ....................... 16 Channel CMOS Analog Multiplexer 
HS-302/303/306/ 
307/384/390RH ....... ... ....... CMOS Analog Switches 
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CICO Radiation Hardened Products 

Semicustom 

HS-CXXXXRH ................... CMOS Standard Cell Multiple Technologies 
HS-DXXXXRH ................... CMOS Standard Cell 2.5 Micron 

CMOS/Analog/Digital Cell Library 

Special Products 

HS-2420RH ....................... Sample and Hold 
HS-3112RH ....................... Dual 4 Gate 
HS-3113RH ....................... Flip Flop 
HS-3114RH ....................... Quad 2 Gate 
HS-3315RH ....................... Multiplexer 
HS-3116RH ....................... Demultiplexer 
HS-3117RH ....................... Register File 
HS-3118RH ....................... Arithmetic Logic Unit (ALU) 
HS-3120RH ....................... Counter 
HS-3121RH ....................... Shift Register 
HS-3128RH ....................... High Drive Multiplexer 
HS-3148RH ....................... PROM 
HS-3504RH ....................... 12-Bit Digital to Analog Converter 
HS-3506RH ....................... 10V Precision Reference 
HS-3508RH ....................... Line Receiver/Driver 
HS-3509RH ....................... Voltage Regulator 
HS-3510RH ....................... Comparator 
HS-3511 RH ....................... Operational Amplifier 
HS-3525RH ....................... 8 Channel Multiplexer 
HS-3535RH ....................... Dual Analog Switch 
HS-3536RH ....................... Quad Analog Switch 
HS-3565RH ....................... J-FET Driver 
HS-3580RH ....................... Sense Amplifier 
In Development Dual MOS Driver 
In Development Switching Regulator 

Communications Interface Devices 

HS-15530RH ..................... CMOS Manchester Encoder/Decoder 
HS-245/246/248/249 ........ Triple Line Transmitter/Receiver 
HS-3182 ............................ ARINC 429 Bus Interface Line Driver 
HS-3273 ............................ MIL-STD-1553 Bus Interface Circuit 
HS-3282 ............................ ARINC 429 Bus Interface Circuit 
HS-3447 ............................ CMOS Data Encryption/Decryption Device Cypher 1'· 

Cypher IT .. is a trademark of Harris Corporation 
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Harris Microwave/Gallium Arsenide Products 

GaAs FETs 
HMF-0300 ........................... 12SmW Power GaAs FET -Chip 
HMF-0301 ........................... 12SmW Power GaAs FET -Packaged 
HMF-0302 ........................... 12SmW Power GaAs FET -Flange 
HMF-0310 ........................... High Gain GaAs FET-Chip 
HMF-0314 ........................... High Gain Low NoiseGaAsFET-Package 
HMF-0330 ........................... High Gain Low Current GaAs FET 
HMF-0600 .. . . . . . . . . . . . . . . . . . . . . . . . .. 2S0mW Power GaAs FET -Chip 
HMF-0602 ........................... 2S0mW Power GaAs FET -Flange 
HMF-0610 ........................... High Gain Power GaAs FET -Chip 
HMF-0620 . . . . . . . . . . . . . . . . . . . . . . . . . . . High Gain Power GaAs FET -Chip 
HMF-1200 ........................... SOOmW Power GaAs FET -Chip 
HMF-1202 ........................... SOOmW Power GaAs FET -Flange 
HMF-1210 ..... . . . . . . . . . . . . . . . . . . . . . . High Gain Power GaAs FET 
HMF-2400 ........................... 1 W Power GaAs FET -Chip 
HMF-2402 ..... . . . . . . . . . . . . . . . . . . . . . . 1 W Power GaAs FET -Flange 

GaAs Digital Integrated Circuits 
HMD-11011 .. . . . . . . . . . . . . . . . . . . . . . . .. Divide by 10/11 Variable Modulus Divider 
HMD-11 016 . . . . . . . . . . . . . . . . . . . . . . . . . . Divide by 2/4/8 Binary Counter 
HMD-11101 .. . . . . . . . . . . . . . . . . . . . . . . .. S-Input NOR/OR Gate 
HMD-11104 . . . . . . . . . . . . . . . . . . . . . . . . .. S-Input NAND/AND Gate 
HMD-11131 .. . . . . . . . . . . . . . . . . . . . . . . . . Master/Slave D Flip-Flop 
HMD-11301 . . . . . . . . . . . . . . . . . . . . . . . . . . Divide by Two Prescaler 
HMD-12141 .. . . . . . . . . . . . . . • . . . . . . . . . . Four-Bit Universal Shift Register 
HMD-11113 . . . . . . . . . . . . . . . . . . . . . . . . . . Dual 2-lnput Exclusive OR Gate 
HMD-1168S . . . . . . . . . . . . . . . . . . . . . . . . .. Ultra-High Speed Comparator 
HMD-11188 . . . . . . . . . . . . . . . . . . . . . . . . . . Dual Clock Driver/Fanout Buffer 
HMD-11S02 ........................ " Programmable Pulse Driver/Formatter 

MMICs 
HMM-1 061 O. . . . . . . . . . . . . . . . . . . . . . . . . . 2-6GHz MMIC Amplifier 
HMM-1 0620. . . . . . . . . . . . . . . . . . . . . . . . .. Low Current 2-6 GHz MMIC Amplifier 
HMM-11810 .......................... 6-18GHzMMICAmplifier 
HMR-10S02 .......................... O.S-S.OGHz MMIC Amplifier 
HMR-10S03 . . . . . . . . . . . . . . . . . . . . . . . . . . 1.0-S.0GHz MMIC Amplifier 

IC Evaluation Kits 
HMK-11 MSI-1 ........................ MSI Evaluation Kit 
HMK-11 SSI-2 ........................ SSI Evaluation Kit 

GaAs Programs and Services 
Monolithic Microwave Integrated Circuits (MMICs) 
Custom Analog Integrated Circuits 
Custom Digital Integrated Circuits 
Semicustom Digital Integrated Circuits 
HMS Library of Standard Cells 
High Reliability Screening 
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HARRIS SEMICONDUCTOR 
Sales Offices, Representatives 

and AuthOrized Distributors 
North American Sales Offices and Representatives 

AlABAMA 
Harris Semiconductor 
Suite #11 
4835 Universtty Square 
Huntsville, AL 35816 
TEL: (205) 837-8886 
FAX: 205-721-9759 

ARIZONA 
Compass Marketing & Sales, Inc. 
11801 N. Tatum Blvd. #101 
Phoenix, AZ 85028 
TEL: (602) 996-0835 
TWX: 910-951-4207 
TLX: 311142 
FAX: 602-996-0586 

Sutte #202 
1050 East River Rd. 
Tucson, AZ 85718 
TEL: (602) 293-1220 
TWX: 910-950-1107 
FAX: 602-996-0586 

CAUFORNIA 
Harris Semiconductor 

• Sutte #320 
1503 South Coast Drive 
Costa Mesa, CA 92626 
TEL: (714) 957-6557 

(Corporate) 
TEL: (714) 433-0664 

(Custom) 
FAX: 714-433-0882 

Harris Semiconductor 
Sutte #308 
5250 W. Century Blvd. 
Los Angeles, CA 90045 
TEL: (213) 649-4752 

Harris Semiconductor 
• Sutte C100 

883 N. Shoreline Blvd. 
Mountain View. CA 94043 
TEL: (415) 964-6443 
FAX: 415 964 2477 

Harris Semiconductor 
• Sutta #205 

6400 Canoga Ave. 
Woodland Hills, CA 91367 
TEL: (818) 992-0886 
FAX: 818 883 0136 

Custom Integrated Circuits 
Harris Semiconductor 
1504 McCarthy Blvd. 
Milpitas, CA 95035 
TEL: (408) 433-2222 

First Rep of Southem Califomia 
Sutte #106 
22024 Lassen Street 
Chatsworth, CA 91311 
TEL: (818) 718-6155 
FAX: (818) 718-1559 

Hadden AssOCiates, Inc. 
Suite H 
4710 Ruffner St. 
San Diego, CA 92111 
TEL: (619) 565-9444 
FAX: 619-565-1802 

Unitronlcs Marketing, Inc. 
Sutte #7 
10055 Wolf Rd. 
Grass Valley, CA 95949 
TEL: (916) 288-1737 

Harris Microwave 
Semiconductor Products 
Harris Microwave Semiconductor 
1530 McCarthy Blvd. 
Milpitas. CA 95035 
TEL: (408) 433-2222 
TWX: 910-336-2247 
FAX: 408-432-3268 

Disman & Bakner 
Suite #223 
465-B Fairchild Dr. 
Mountain View, CA 94043 
TEL: (415) 969-3010 
TWX: 910-379-5085 

CANADA 
Blakewood Electronic 
Systems, Inc. 
#201-5725 Camarvan St. 
Vancouver. BC 
Canada V6N 4A 7 
TEL: (604) 261-8099 

1-(800) 683-5580 
FAX: (604) 283-1170 
TWX: 043-53358 

Clark Hurman Associates 
Sutta #404 
37 George St. North 
Brampton, Ontario 
Canada L6X 1 R5 
TEL: (416) 453-1118 
FAX: 416-453-5809 

68 Colonnade Rd. 
Nepean, Ontario 
Canada K2E 7K7 
TEL: (613) 727-5626 
FAX: (613) 727-1707 

COLORADO 
Harris Semiconductor 
Sutta #3100 
5800 South Quebec St. 
Englewood. CO 80111 
TEL: (303) 721-9683 
TWX: 910-935-0876 
FAX: 303 721 0195 

Component Sales, Inc. 
7108 S. Aiton Way 
Building E 
Englewood, CO 80112 
TEL: (303) 779-8080 
TWX: 910-931-2644 
FAX: 303-779-8357 

CONNECTICUT 
Accees Systems Corp. 
15 Old Gata Lane 
Milford, CT 06480 
TEL: (203) 877-5891 
FAX: 203-874-0798 

FLORIDA 
HarriS Semiconductor 
P.O. Sox 1239 
Melbourne, FL 32901 
TEL: (407) 724-3576 
FAX: 407 724-9264 

Harris Semiconductor 
Sutta #248 
2340P Stata Rd. #580 
Cieerwater, FL 33575 
TEL: (813) 787-2148 

• P.,ld Application Assistance Available 

m HARRIS 
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GEORGIA 
HarriS Semiconductor 

• Sutta #400 
875 Johnson Farry Rd. N.E. 
Atlanta, GA 30342 
TEL: (404) 256-7510 
FAX: 404 256 7501 

IWNOIS 
Harris Semiconductor 

'SuttaM 
1555 Mittel Dr. 
Wood Dale, IL 80191 
TEL: (312) 680-7664 
FAX: 312-680-7903 

OasIs Sales 
1101 Tonne Rd. 
Elk Grove Village, IL 60007 
TEL: (312) 640-1850 
EASYUNK: 62576340 
FAX: 312 640 9432 

INDIANA 
Corrao-Marsh, Inc. 
6211 Stoney Creek Dr. 
Ft Wayne, IN 46825 
TEL: (219) 482-2725 
TWX: 910-333-8892 
FAX: 219-484-7491 

3117 West U.S. 40 
Greenfield, IN 46140 
TEL: (317) 462-4446 

IOWA 
cahill, Schmitz & Howe 
4905 Lakeside Dr. NE 
Cedar Rapids, IA 52402 
TEL: (319) 377-8219 
EASYLINK: 62925191 
FAX: 319-377-0958 

KANSAS 
Advance Technical Sales, Inc. 
Sutta #8 
801 North Mur-Len 
Olathe, KS 68082 
TEL: (913) 782-8702 
TWX: 910-749-4037 



North American Sales Offices and Representatives (Continued) 

MARYLAND NEW JERSEY KLMGamer Nova Marketing 
Harris Semiconductor Harris Semiconductor 111 Marsh Rd. Su~e #174 
Su~e I • 3OO3-E Greentree Pittsford, NY 14534 8350 Meadow Rd. 
10260 Old Columbia Rd. Executive Campus TEL: (716) 381-8350 Dallas, TX 75231 
Columbia, MD 21046 Marlton, NJ 08053 FAX: 716-385-2103 TEL: (214) 750-6082 
TEL: (301) 720-5210 TEL: (609) 983-6350 TWX: 910 8619185 
FAX: 301-361-5930 FAX: 609 983-6952 OHIO 

Harris Semiconductor Stillhouse Canyon Office Park 

MASSACHUSETTS NEW MEXICO Su~e #204 4807 Spicewood Springs Rd. 

Custom Integrated Circuits Compass Marketing & 5880 Sawmill Rd. Bldg. 3, Su~ 3140 

Harris Semiconductor Sales, Inc. Dublin, OH 43017 Austin, TX 78759 

5 Old Concord Rd. Su~ #675 TEL: (614) 766-4111 TEL: (512) 343-2321 

Burlington, MA 01803 2625 Pennsylvania NE FAX: 512 343-2487 

TEL: (617) 273-2353 Albuquerque, NM 87110 Mid_st Marketing 
Su~e #150 TWX: 710-332-1074 TEL: (505) 868-0800 Associates 
9207 Country Creek Dr. TWX: 910-969-1152 30 Macro Lane 

MICHIGAN FAX: 602-293-5115 Dayton, OH 45459 
Houston, TX 77036 

Tri-Tech Sales TEL: (513) 433-2511 
TEL: (713) 988-6082 

Su~e #110 NEW YORK TWX: 810-459-1610 
TWX: 910 997 1222 

32823 West Twelve Mile Rd. Harris Semiconductor FAX: 513-433-6853 
UTAH Fanmington Hills, MI • Su~e #426 

Harris/CSI, Inc. 48018-3821 555 Broadhollow Rd. Su~e #217 
TEL: (313) 553-3370 Melville, LI., NY 11747 5001 Mayfield Rd. Su~e #12 

FAX: 313 553 4670 TEL: (516) 249-4500 Lyndhurst, OH 44124 1817 South Main 

EASYUNK: 62-904-821 FAX: 516 249 5380 TEL: (216) 381-8575 Salt LakeC~, 

FAX: 216-381-8857 UT 84115-2036 

Su~e 90 Custom Integrated Circuits TEL: (801) 467-2299 

157 S. Kalamazoo Mall Harris Semiconductor FAX: 801 467 2360 
OKLAHOMA 

Kalamazoo, MI 49007 106 Seventh SI. 
Nova Marketing 

TEL: (616)-382-5570 Garden C~, NY 11530 VIRGINIA 
Su~e #1339 Custom Integrated Circuits FAX: 616 343 0902 TEL: (516) 747-6776 
7955 E. 50th St. 

TWX: 510-220-1527 Harris Semiconductor 

MiNNESOTA 
Tulsa, OK 74145 Su~ #300 

Harris Semiconductor Gen-Tech Electronics TEL: (918) 660-5105 1201 Abingdon Ave. 

SuHe #703 4855 Executive Drive Alexandria, VA 22314 

2850 Metro Dr. Liverpool, NY 13088 OREGON TEL: (703) 548-9200 

Bloomington, MN 55425 TEL: (315) 451-3480 Harris Semiconductor 

TEL: (612) 854-3558 TWX: 710-545-0250 Su~e #240 WASHINGTON 

EASYLINK: 629-37-650 FAX: 315 4510986 500 West 8th St. Harris Semiconductor 
Vancouver, WA 98660 33919 9th Ave. South 

Cahill, Schmitz & Cahill, Inc. 
5 Arbutus Lane TEL: (503) 283-7027 (OR) Federal Way, WA 98003 

315 North Pierce SI. MR 97 (206) 696-0Q43 (WA) TEL: (206) 838-4878 

St. Paul, MN 55104 Binghamton, NY 13901 FAX: 503-283-1619 TWX:9104411612 

TEL: (612) 846-7217 TEL: (607) 848-8833 
Harris Semiconductor 

TWX: 910-563-3737 Trionic Associates, Inc. RHODE ISLAND 
Su~e #240 

320 Northern Blvd. Access Systems Corp. 
500 West 8th St. 

MISSOURI Great Neck, NY 11021 
15 Old Gate Lane 

Vacouver, WA 98660 
Custom Integrated Circuits TEL: (516) 486-2300 Milford, CT 08460 

TEL: (206) 696-0043 
Harris Semiconductor TWX: 510 223-0834 

TEL: (203) 877-5691 
TEL: (503) 283-7027 

SuHe 400 FAX: 516 486-2319 FAX: 203 874 0798 
FAX: 503 283 1619 

7980 Clayton Rd. 
St Louis, MO 83117 Harris Microwave TEXAS WISCONSIN 
TEL: (314) 845-7587 Semiconductor Products Harris Semiconductor Oasis Seles 
FAX: 314 845 2692 KLMGamer • 16001 Dallas Parkway 1305 N. Barker Rd. 

46 Clinton SI. P.O. Box 809022 Brookfield, WI 53005 
Advance Technical Sales P.O. Box C Mail Zone 32 TEL: (414) 782-6660 
Su~ #213 Clark Mills, NY 13321 Dallas, TX 75380-9022 TWX: 910-262-3135 
1810 Craig Road TEL: (315) 853-6126 TEL: (214) 366-2570 • Field Application 
St Louis, MO 63146 FAX: 315 853-3011 TWX: 910-860-5446 Assistance Available 
TEL: (314) 878-2921 
FAX: 314 878 1994 North American Authorized Distributors 

NEW HAMPSHIRE CORPORATE OFFICES 
I/) 

Harris Semiconductor Anthem Hall-Mark Semad w 
Su~ #301 1040 E. Brokaw Rd. 11333 Pagemill Rd. 85 Spy Court 

(J 

is 61 SpH Brook Rd. San Jose, CA 95131 P.O. Box 222035 Markham, Ontario Z 
Nashua, NH 03060 TEL: (406) 295-4200 Dallas, TX 75243 Canada L3R 4Z4 W 

II. 
TEL: (603) 886-8391 TWX: 910338-2038 TEL: (214) 343-5000/5953 TEL: (416) 475-8500 II. 
FAX: 603-886-7807 FAX: 408 282 1581 TWX: 910 867 4721 FAX: 416 475 4158 '" FAX: 214 343 5886 
Access Systems Corp. Falcon Electronics Sch_ber 
7C Taggert Dr. 5 Higgins Dr. Hamllton/ Avnet Jericho Turnpike CB1032 
Nashua, NH 03060 Milford, CT 08460 10950 W. Washington Blvd. Westbury, NY 11590 
TEL: (603) 888-8160 TEL: (203) 878-5272 Culver C~, CA 90230 TEL: (516) 334-7474 
TWX: 710-228-1769 TWX: 710-482-8407 TEL: (213) 558-2000 FAX: 516 334 7555 X660 
FAX: 603 888 5128 FAX: 203 877 2010 FAX: 213 559-0913 
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North American Authorized Distributors (Continued) 

ALABAMA Culver Cily HamIlton! Avnet Anthem 
Hall-Mark TEL: (213) 558-2000 Englewood Elk Grove Village 
Huntsville TEL: (303) 740-1017 TEL: (312) 640-6066 
TEL: (205) 837-8700 Gardena 

TEL: (213) 217-6748 Schwabe. INDIANA 
Hamllton!Avnet Englewood Hall-Mark 
Huntsville Ontario TEL: (303) 799-0258 Indianapolis 
TEL: (205) 837-7210 TEL: (714) 989-8812 

TEL: (317) 872-8875 

Sacramento 
CONNECTICUT 

Schwabe. Anthem Hamilton! Avnat 
Huntsville TEL: (916) 920-3150 

Meriden Cannel 
TEL: (205) 895-0480 

San DiegO TEL: (203) 237-2282 TEL: (317) 844-9333 

ARIZONA 
TEL: (619) 571-7525 

Falcon Electronics 
IOWA 

Anthem SUnnyvale Milford 
Harnllton!Avnat 

Tempe TEL: (408) 743-3379 TEL: (203) 878-5272 
Cedar Rapids 

TEL: (602) 966-4826 

Schwebe. Hamilton! Avnet TEL: (319) 362-4757 

Hall-Mark Canoga Park Danbury 
Schwabe. Phoenix TEL: (818) 999-1769 TEL: (203) 797-1100 

TEL: (602) 437-1200 Cedar Rapids 

Gardena Schwebe. TEL: (319) 373-1417 

Hamilton! Avnat TEL: (213) 327-8409 Danbury 
Tempe TEL: (203) 748-7060 KANSAS 
TEL: (602) 961-6400 Irvine Hall-Mark 

TEL: (714) 863-0200 FLORIDA Lenexa 
Hamilton! Avnet 

Hall-Mark TEL: (913) 888-4747 
Chandler Sacramento Clearwater 
TEL: (602) 961-6400 TEL: (916) 929-9732 TEL: (813) 530-4543 HamIlton! Avnet 

Ovenand Park 
Schwebe. San Diego 

Orlando TEL: (913) 541-7921 
Phoenix TEL: (619) 450-0454 TEL: (305) 855-4020 TEL: (602) 997-4874 Schwabe. 

San Jose 
Pompano Beach Ovenand Park 

CALIFORNIA TEL: (408) 432-7171 
TEL: (305) 971-9280 TEL: (913) 492-2922 

Anthem 
Chatswor1h Torrance 

TEL: (213) 320-8090 Hamilton! Avnet MARYLAND 
TEL: (818) 700-1000 FI. Lauderdale Anthem 

E. Irvine CANADA TEL: (305) 971-2900 Columbia 

TEL: (714) 768-4444 Hamilton! Avnat TEL: (301) 995-6640 

Calgary, Alberta 51. Petersburg 

Sacramento TEL: (403) 230-3586 TEL: (813) 576-3930 Falcon Electronics 

TEL: (916) 922-6800 Linthicum 

Burnaby Winter Park TEL: (301) 789-5800 

San Diego TEL: (604) 437-6867 TEL: (305) 657-9018 

TEL: (619) 453-4871 Hall-Mark 
Mississaugue, Ontario Schwabe. Columbia 

San Jose TEL: (416) 673-3803 Altamonte Springs TEL: (301) 988-9800 

TEL: (408) 295-4200 
TEL: (305) 331-7555 

Nepean, Ontario HamIlton! Avnat 
Hall-Mark TEL: (613) 226-1700 Pompano Beach 

Columbia 

Canoga Park 
TEL: (305) 977-7511 

TEL: (301) 995-3528 St. Laurent. Quebec 
TEL: (818) 716-7300 TEL: (514) 335-1000 GEORGIA Schwebe. 
C~rus Heights Hall-Mark Baltimore Semad Norcross TEL: (916) 722-9280 Barnaby, Br~ish Columbia TEL: (404) 447-8000 

TEL: (301) 640-5900 

TEL: (604) 420-9889 
San Diego 

Hamilton! Avnat MASSACHUSETTS 
TEL: (619) 268-1201 Calgary, Alberta 

Norcross Anthem 
TEL: (403) 252-5664 

TEL: (404) 447-7503 Wilmington 
San Jose TEL: (617) 657-5170 
TEL: (408) 432-0900 Point Claire, Quebec 

Schwaber TEL: (514) 694-0880 
Norcross Falcon Electronics 

Torrance 
TEL: (213) 217-6412 Markham, Ontario TEL: (404) 446-5842 Franklin 

TEL: (416) 475-8500 
TEL: (617) 520-0323 

Tustin ILLINOIS 

TEL: (714) 669-4700 OItawa. Ontario Hall-Mark Hall-Mark 

TEL: (613) 727-8325 Wood Dale Billerica 

Hamllton!Avnet TEL: (312) 860-3800 TEL: (617) 667-0902 

Chalsworth COLORADO 

TEL: (818) 700-6552 Anthem Hamllton!Avnat Hamilton! Avnet 

Englewood Bansenville Peabody 

Costa Mesa TEL: (303) 790-4500 TEL: (312) 860-8566 TEL: (617) 532-3701 

TEL: (714) 754-8040 
Hall-Mark Schwabe. Schwabe. 

Costa Mesa Englewood Elk Grove Village Bedford 
TEL: (714) 841-4152 TEL: (303) 790-1662 TEL: (312) 364-3750 TEL: (617) 275-5100 
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North American Authorized Distributors (Continued) 

MICHIGAN Hamilton! Avnet OHIO 
Hamilton! Avnet Cherry Hill Hall-Mark 
Grand Rapids TEL: (609) 424-0110 Solon 
TEL: (616) 243-6605 TEL: (216) 349-4632 

Livonia Fairfield 

TEL: (313) 522-4700 
TEL: (201) 575-3390 Worthington 

TEL (614) 888-3313 
Schweber Schweber 
Livonia Fairfield Hamilton! Avnet 
TEL: (313) 525-8100 TEL: (201) 227-7880 Cleveland 

TEL: (216) 831-3500 
MINNESOTA NEW MEXICO 

Hall-Mark Hamllton!Avnet Dayton 

Eden Prairie Albuquerque TEL: (513) 439-6707 

TEL: (612) 941-2600 TEL: (505) 765-1500 

Anthem 
Westerville 

Eden Prairie NEW YORK TEL: (614) 882-7004 

TEL: (612) 944-5454 Anthem electronics 
Schweber 

Hamllton!Avnet 
Hauppsuge 

Eleschwood 
Minnetonka 

TEL: (516) 273-1660 
TEL: (216) 464-2970 

TEL: (612) 932-0600 Falcon Electronics 
Schwaber Hauppsuge Dayton 

Edina TEL: (516) 724-0980 TEL: (513) 439-1600 

TEL: (612) 941-5280 (600) 528-0016 
OKLAHOMA 

MISSOURI Hall-Mark Schweber 

Hall-Mark Rochester Tulsa 

Earth City TEL: (716) 244-9290 TEL (918) 622-8000 

TEL: (314) 291-5350 
OREGON Hamllton!Avnat 

Hamilton! Avnet Hauppsgue Anthem 

Earth City TEL: (516) 434-7490 Elesverton 

TEL: (314) 344-1200 TEL: (503) 643-1114 

Rochester 
Schwaber TEL: (716) 475-9140 Hamilton! Avnet 

Earth City Lake Oswego 
TEL: (314) 739-0526 E. Syracuse TEL: (503) 635-6831 

TEL: (315) 437-6600 
NEW HAMPSHIRE PENNSYLVANIA 

Hamilton! Avnet Schweber Anthem 

Manchester Rochester Horsham 

TEL: (603) 624-9400 TEL: (716) 424-2222 TEL: (215) 443-5150 

Schwaber Westbury Hamilton! Avnet 
Manchester TEL: (516) 334-7474 Pittsburgh 
TEL: (603) 625-2550 TEL: (412) 281-4150 

NORTH CAROUNA 
NEW JERSEY Hall-Mark Schweber 

Anthem electronics Raleigh Horsham 
Fairfield TEL: (919) 872-0712 TEL: (215) 441-0600 

TEL: (201) 227-7980 
Hamilton! Avnet Pittsburgh 

Hall-Mark Raleigh TEL: (412) 963-6804 

Fairfield TEL: (919) 878-0819 
TEL: (201) 575-4415 TEXAS 

Schweber Hall Mark 
Mt Laurel Raleigh Austin 
TEL: (609) 235-1900 TEL: (919) 876-0000 TEL: (512) 258-8848 

European Sales Offices and Representatives 

European Seles Headquarters 
Harris Systems Umlted 
Semiconductor Sector 

• Eskdale Road 
Winnersh Triangle 
Wokingham RGll STR 
Berkshire. Untted Kingdom 
TEL: 44-0734-698787 
TLX: 848174 
FAX: 0734-695805 

BELGIUM!LUXEMBOURG 

MCATronlx 

Pare de Recheche du 
Sart-Tilman 

Avenue du Noisetiers, 

Belgium-49OO Angleur 

TEL: 32-41-674-206 

TLX: 42052 

FAX: 32-41-676331 

• Field Application Assistance Available 

DENMARK 
Dltz Schweitzer A.S. 
Vallensbaekvej 41 
Post Box 5 
DK-26OO Glostrup 
TEL: 45-2-453044 
TWX: 33257 

ANLAND 
Ylelselektronlkka OY 
P.O. Box 73 

12-9 

SF-02201 ESPOO 
TEL: 358-0-455-1255 
TWX: 123212 

Dallas 
TEL: (214) 343-5000 
TEL: (214) 553-4300 

Houston 
TEL: (713) 781-6100 

Hamilton!Avnet 
Austin 
TEL: (512) 837-8911 

Irving 
TEL: (214) 550-7755 

Stallord 
TEL: (713) 240-7733 

Schwaber 
Austin 
TEL: (512) 458-8253 

Dallas 
TEL: (214) 661-5010 

Houston 
TEL: (713) 784-3600 

UTAH 
Anthem 
San Lake City 
TEL: (801) 973-8555 

Hall-Mark 
West Valley City 
TEL: (801) 972-1008 

Hamilton! Avnet 
San Lake City 
TEL: (801) 974-9629 

WASHINGTON 
Anthem 
Redmond 
TEL: (206) a81-o650 

Hamilton! Avnet 
Bellevue 
TEL: (206) 843-3950 

WISCONSIN 
Hall-Mark 
New Berlin 
TEL: (414) 797-7844 

Hamilton! Avnet 
New Berlin 
TEL: (414) 784-4516 

Schweber 
New Berlin 
TEL: (414) 784-9020 

FRANCE 
Harrfs Semlconducteurs 
9 Rue Femand Leger 
Centre Val Courcelle 
91190 Gif-sur-Yvette 
TEL: (33) 169-077802 
FAX: (33) 169-287559 

Harris MlcrowllV8 
Semiconductor Products 
Kontron Electronlque 
6. rue des Freres Gaud ron 
78140 Velizy-Villacoublay 
TEL: 33 (1) 39-469722 
TLX: 695673 



European Sales Offices and Representatives (Continued) 

INDIA 
zenith Technologies Umlted 
A 10 Z Industrial Estate 
A-3 Annexe Building, 3rd Floor 
Ganpatrao Kadam Marq 
Lower Parel, Bombay 400 013 
TEL: 4941680/4941677 
TWX: 11-73772 

ISRAEL 
Reytech Umlted 
5, Haarad Sl 
P.O. Box 53215 
TEL AVIV 61531 
TEL: 00972-3-497712/496802 
FAX: 00972-3-497611 
TLX: 8812705 

rrALY 
Harris SRL 
20092 Cinisello Balsamo 
Va Fratelli Cracchi 48 
Milano 
TEL: 39-2 618-8282 
FAX: 39-2 6180974 
TLX: 324019 

so. CO. EL SRL 
Va B Ricasoli 16-6 
16156 Pegli Genova 
TEL: 39-10 680270 

Hartis Micl'OWlWfI 
Semiconductor Products 
EXHIBOSpA 
22 Va F. Frisi, 20052 Monza 
TEL: (039) 738021 
TWX: 333315 
FAX: (039) 360260 

NETHERLANDS 
Techme1lon EIec1ronlcs BV 
P.O. Box 9 
NL -4175 ZG Haaften 
TEL: 04189-2222 
TWX: 50423 
FAX: (31) 41-891872 

NORWAY 
Hafro Elektronlkk A.S. 
Haavard Martinsenv 19 
P.O. Box 6 
Haugenstu8, 0915 OSLO 9 
TEL: (47) 2-107300 
TWX: 76205 

SWEDEN 
Harris AB 
Semiconductor DIvision 
Stockholmsvagen 116 
5-183 30 Taby 
TEL: (46) 8-792-1240 
TLX: 14867 
FAX: 46-8-792-3373 

Batema Components AB 
P.O. Box 1457 
5-17128 SoIna 
TEL: (48) 8-7348300 
TWX: 19389 
FAX: 46-8-826090 

Harris MicrowaVB 
Semiconductor Products 
Nortrend Technologies AB 
Kapallvagen 6. 
5-191 45 Sellentuna 
TEL: 46-83-57220 
TLX: 10952 
FAX: 46-83-53181 

European Authorized Distributors 

AUSTRIA 
Transistor V.triabsgesellschaft 
mbH I. CO. KG 
Auhofstr 41 A 
A-1130 Wien 
TEL: 43-0222-829401 
TWX: 133738 
FAX: 43-0222-826440 

BELGIUMILUXEMBOURG 
MCATRONtx 
Parc de Recherche du 
Sart-Tilman 
Aveune du Noisetiers 
Balgiurn-4900 Angleur 
TEL: 32-41-674208 
TWX: 42052 
FAX: 32-41-676331 

DENMARK 
Dltz Schweitzer A.S. 
Vallensbaakvej 41 
Post Box 5 
OK-2600 Glostrup 
TEL: 45-2-453044 
TWX: 33257 

FINLAND 
YlaI .... k1ronlkka OY 
P.O. Box 73 
SF-02201 ESPOO 
TEL: 358-04-551255 
TWX: 123212 

FRANCE 
Alm.xSA 
Zone Industrielle 
48 Rue de L'Aubepine 
92160 Antony 
TEL: 1-666-2112 
TWX: 250067 

A2M 
18 Avenue Dutatre 
78150 Le Chesney 
TEL: 3-954-9113 
TWX: 698376 

RTF 
9 Rue d' Arcueil 
94250 Gentilly 
TEL: 1-664-1101 
TWX: 201089 

RTF 
Lotissement La Marqueille 
12 Blvd de la Caprice 
31320 Escalquens 
TEL: 61-81-5157 
TWX: 520927 

Ha,ris Semiconducto, 
Chip Distributor 
EItak Semlconducteurs 
Bo~ Postale 1077 
lA. Le Tuilerie 
78204 Mantes-Ia-Jolie 
TEL: (1) 34 771616 
TWX: 699717 

SWfTZERLAND 
Stolz AG 
Taeiernstrasse, 15 
CH-5405 Baden-Daettwil 
TEL: 58-840151 
TWX: 825086 SAG CH 

UNrrED KINGDOM I. IRELAND 
Harris Semiconductor Ltd. 

• Eskdale Rced 
Winnersh Triangle 
Wokingham RG 11 5TR 
Barkshire, Un~ed Kingdom 
TEL: 44-0734-698787 
TLX: 848174 
FAX: 0734-695805 

Stuart Electronics Ltd. 
Western Building, Vere Rced 
Kirkmuirhill ML 11 9RP 
Lanarkshire 
TEL: 44-555-892393 
TWX: 777404 

Trim ElectroniCS Ltd. 
Trim 
County Meath, Eire 
TEL: 046-36283 
TWX: 0027-90342 

Harris MicrowBVe 
Semiconductor Products 
Anglla Microwave Ltd. 
Radford Business Centre, 
Radford Way, Billericay 
Essex CN12 OBZ 
TEL: 0277-458955 
TWX: 995607 
FAX: 277-631111 

Harris Microwave 
Semiconducto, Products 
Kontron EIec1ronlqua 
6, Rue des Freres Caudron 
78140 Velizy-Villacoublay 
TEL: 33 (1) 39-469722 
TLX: 695673 

rrALY 
Kontron SpA 
Voa Fanloli 16-15 
20138 Milano 
TEL: 39-2-50721 
TWX: 312288 

Lasl EI.tronlca SpA 
Via Le F. Testi, 126 
20092 Cinisello Balsamo 
TEL: 2-2440012 
TLX: 352040 

SO CO ELSRL 
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Via B Ricasoli 16-6 
16156 Pegli Genova 
TEL: 39-10-680270 

Ha,ris Microwave 
Semiconducto, Products 
EXHIBOSpA 
22 Via F. Frisi 
20052 Monza 
TEL: 039-738021 
TLX: 333315 
FAX: 039-360280 

WEST GERMANY 
Harris Semiconductor GmbH 

• Erlurterstrasse 29 
D-6057 Eching bei Munchen 
TEL: 49-89-319005 
TLX: 5213866 
FAX: 49-89-319-2998 

Harris SemIconductor GmbH 
Orususallee 44 
0-4040 Neuss 
TEL: 2-101-275244 
TLX: 8517823 
FAX: 02101-275246 

Harris Semiconductor GmbH 
Kaiserstr. 62 
0-7241 Eutingen 2 
TEL: (49) 07459-2930 

• Field Application 
Assistance Available 

NETHERLANDS 
Techmatlon Electronics BV 
Postbus 9 
Bernhardstralt 11 
NL -4175 ZG Haaften 
TEL: 041-89-2222 
TWX: 50423 
FAX: 041-87-1872 

NORWAY 
Halro EI.ktronlkk AS 
Haavard Martinsensv 19 
P.O. Box 6 
Haugenstua 
0915 OSLO 9 
TEL: (47) 2-107300 
TWX: 76205 

SPAIN 
SaIco S.A. 
Pasao de la Habana, 190 
28036 Madrid 
TEL: 34-1-4054213 
TWX: 45458 

SWEDEN 
F.rtronlc AB 
P.O. Box 1457 
5-17128 Seine 
TEL: 46-8-7348300 
TWX: 19389 
FAX: 46-8-828090 



European Authorized Distributors (Continued) 

SWITZERLAND 
Kontron Electronic AG 
Bernerstrasse Sud. 169 
CH-801 0 Zurich 
TEL: 01-435-4111 
TLX: 822195 
FAX: 01-621118 

Stolz AG 
Taeiemstrasse, 15 
CH-5405 Baden-Daettwil 
TEL: 56-840151 
TWX 825088 

UNITED KINGDOM & IRELAND 
Macro Marketing Ltd. 
Burnham Lane 
Slough, Berkshire 
TEL: 44-6286-4422 
TWX: 847945 

Thame Components Umlted 
Thame Park Road 
Thame 
Oxfordshire OX9 3XD 
TEL: 44-84421-4561 
TWX: 837917 

HlJI'ris MicrowiIWJ 
Semiconductor Products 
AngHa Microwave Ltd. 
Radford Business Centre 
Radford Way, Billericay 
Essex CM12 OBZ 
TEL: 44-277 458955 
TLX: 995807 
FAX: 44-0277 631111 

Harris Semiconductor 
Chip Distributors 
Eltek Semiconductors 
Nelson Industrial Estate 
Dartmouth 
Devon T06 9LA 
TEL: 08043-4455 
TWX: 42516 

SPDUmltad 
Regent House 
Yorl< Road 
Harttepool, Cleveland 
TS2690U 
TEL: 0429-233721 
TWX: 567650 
FAX: 261540 

Far East Sales Office and Representatives 

Harris Semiconductor 
Far East Sales Headquarters 
Harris KK 
Shinjuku NS Bldg. Box 6153 
2-4-1 Nishi-Shinjuku 
Shinjuku-ku, Tokyo 163, Japan 
TEL: 81-3-345-8911 
TLX: J26525 HARRISKK 
FAX: 81-3-345-8910 

KOREA 
Inhwa Company Ltd. 
Room #301 
Chun Zi Bldg. #809 
Yeog Sam-Dong, 
Gang Nam-ku, Seoul 135-080 
TEL: 82-2-552-8443 
TLX: K28859 INHWA 
FAX: 82-2-557-5043 

Far East Authorized Distributors 

AUSTRALIA 
VSI Electronics Ply Ltd. 
16 Dickson Avenue 
Artarmon, N.SW. 2065 
TEL: 61-2-439-4655 
TLX: M22846 VSI 
FAX: 61-2-439-8435 

HONG KONG 
Kartn Electronics 
Supplies Co., Ltd. 
Karin Bldg. 7F 
166 Wai Yip St, Kwun Tong 
Kowloon, Hong Kong 
TEL: 852-3-455669 
TLX: HX55322 KRNHK 
FAX: 852-3-7541121 

WEST GERMANY 
Allred Ney&­

Enatechnlk GmbH 
Postfach 1240 
Schillerstr 14 
D-2085 Ouickbom 
TEL: 49-4106-6121 
TLX: 213590 
FAX: 49-4106-612268 

Jermyn GmbH 
Schulster 84 
Postfach 1180 
D-6277 Camberg-Wuerges 
TEL: 49-8434231 
TLX: 484426 

SINGAPORE 
Deaner Electronics 
(Far East) PIe Ltd. 
190 Middle Road, # 16-07 
Fortune Centre 
Singapore 0718 
TEL: 65-337-3188 
TLX: RS39191 DTD 
FAX: 65-337-3180 

JAPAN 
Hakuto Co., Ltd. 
Toranomon Sangyo Bldg. 
1-2-29 Toranomon 
Minalo-ku, Tokyo 105 
TEL: 81-03-225-8910 
TLX: J22912 BRAPAN 
FAX: 81-3-508-2405 

Japan Macnlcs Corp. 
516,Imaiminami--cho 
Nakahara-ku, Kawasaki-shi 
Kanagawa-ken 211 
TEL: 81-44-711-0022 
TLX: J28968 JAPMAC 
FAX: 81-4-474-2214 

mHARRIS 
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Kontron Halbelter GmbH 
Breslauer SIr 16 
Postfach 1351 
D-8057 Eching bei Munchen 
TEL: 089-31901-0 
TLX: 5212467 
FAX: 089-31-901499 

HlJrris MicrowBW 
Stlmiconducfor Products 
Tactron GmbH 
Einsteinstr 35 
D-8033 Martinsfried 
TEL: 49-89-8575042 
TLX: 17898891 
FAX: 49-89-8577605 

TAIWAN 
Leadtom Industrtal Inc. 
P.O. Box 87-461 
Taipei, Taiwan, R.O.C. 
TEL: 888-2-571-7241 
TLX: 21795HEADTRAD 
FAX: 886-2-541-7274 

Micron, Inc. 
5-21-12 Sendagaya 
Shibuya-ku, Tokyo 151 
TEL: 81-3-356-5541 
TLX: J2322943 MICRO 
FAX: 81-3-341-3566 

Ryoyo Electro Corp. 
Konwa Bldg. 8F 
1-12-22 Tsukiji 
Chuo-ku, Tokyo 104 
TEL: 81-3-543-7711 
TLX: J2522888 RYOYO 
FAX: 81-3-545-3507 

Reorder Number: 8SL-006O 

!3 
(,) 

is z 
W 
II. 

~ 






