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As one of the world's largest manufacturers of integrated 
circuits, Signetics designs, develops, manufactures and sells 
over 1600 different types of integrated circuits. Signetics 
produces digital and linear circuits, utilizing both bipolar and 
metal-ox ide-semiconductor (MOS) manufacturing processes. 

The Analog division is a major broad line supplier of both 
Signetics' original designs and industry standard devices. The 
NE535 High Performance Operational Amplifier, the NE555 
Timer and the NE567 Phase Locked Loop are among Signetics' 
original products. Leading industry standard products avail­
able from Signetics include the LM124/224/324 Quad Opera­
tional Amplifier, the LM139/239/339 Quad Comparator, the 
J.lA741 and MC1458 General Purpose Operational Amplifiers. 
The breadth of the Analog product line offers the designer, the 
component engineer, and the purchasing agent a varied 
approach to linear circuits ranging from the J.lA741 to the latest 
in high technology products-a microprocessor compatible 
digital-to-analog converter-the NE5018. 

This broad analog circuit product line is backed by Signetics' 
industry image as a quality manufacturer to whom the 
servicing of the customer's needs is paramount. In order to 
continually improve this service capability, Signetics has, and 
will continue to implement, product development plans to 
include both original designs and leading industry standards. 
Examples of new products expected to be available within the 
next six months, but not included in this edition of the Analog 
manual are: 

TYPE 

NE530 
NE5530 

NE503 
NE5533 
79HVOO 
TDA2002 
TDA2573 
NE5034 
NE588 
NE589 
NE5010 
MC1399 
,uA79HVOO 

DESCRIPTION 

High Speed Operational Amplifier 
Dual High Speed Operational Amplifier 
(Dual 530) 
1536-Bit Bucket Brigade 
Dual 5534 
High Breakdown 79XX 
Audio Amp 
TV Vertical Countdown 
8-Bit AID Converter 
LED Display Driver - Source Outputs 
LED Display Driver - Source Outputs 
10-Bit D/A Converter 
TV Color Processing Circuit 
Three Terminal Ne'gative High Voltage 
Regulator 
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The 1977 Analog Data Manual is one in a series of four data 
manuals published by Signetics. This publication is intended 
to serve as a single technical reference for designing with 
linear circuits by presenting both data specifications and 
applications information in one manual. 

The format of this year's edition differs from that of the 1976 
Analog manual. Data specifications and applications material 
are presented in two sections indexed for ease of use. The Data 
Specifications portion is completely new data presented in 
standard data sheet format reflecting commercial and military 
grade availability. The Applications portion is updated and 
rewritten to reflect data on new products issued in the last year. 
In addition, a section on Military provides information on 
product availability and processing options. 
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ORDERING INFORMATION 
Signetics' Analog integrated circuit prod­
ucts may be ordered by contacting either 
the local Signetics sales office, Signetics 
representatives and/or Signetics authorized 
distributors. A complete listing is located on 
the back cover of this manual. 

Minimum Factory Order: 
Commercial Product: 

$1000 per order 
$50 per line item per order 

Military Product: 
$250 per line item per order 

Table 1 provides part number Information 
concerning for both Signetics originated 
products and industry standard products. 

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

As noted in Table 3, Signetics defines 
device operating temperature range by the 
appropriate prefix. It should be noted 
however, that devices with a SE prefix 
(-55· C to +125· C) indicates only its operat­
ing temperature range and not its military 
qualification status. The military qualifica­
tion status of any analog product can be 
determined by either looking in the Military 
Section in this manual and/or contacting 
your local sales office. 

PART 
NUMBER 

NE535N 
I'A741C 

CROSS REF 
PART NO. 

MC1741SC 
LM741CJ 

PRODUCT 
FAMILY 

ANA 
ANA 

PRODUCT 
DESCRIPTION 

High Slew Rate OP-AMP 
General Purpose OP-AMP 

L"""",pt,oo 01 
Product Function 

ECL Emitter Coupled LogiC 
I DTL Diode Transistor Logic 

ANA Analog Products 
.Product Family. MOS Metal Oxide Silicon 

1 BIM Bipolar Memory Products 
, MIL Military Products 

TIL Transistor Logic 
ML2 Military Products 

~ Package Type-See Table 1 

'---.... Device Number and Temperature Range Suffix 

'------i~ Device Family and Temperature Range Prefix for 
Industry Standard and Signetics Originated Products-See Table 2. 

Table 1 PART NUMBER DESCRIPTION 

SUFFIX PACKAGE PREFIX DEVICE TEMPERATURE RANGE 

Old New DESCRIPTION2 N- O· to +70·C 

A,AA N 14-lead plastic DIL S- -55· to +12S·C 

A N-14 14-lead plastiC DIL (Selected NE- O· to +70·C 
Analog products only) SE- -55· to +125·C 

B,BA N 16-lead plastic DIL SA -44. to +85·C 
DA DA 2-lead TO-3 SU -25· to +85°C 
DB DB 3-lead TO-5 
DC DC 4-lead TO-46 Table 3 DEVICE TEMPERATURE 
DE DE 4-lead TO-72 
F F 14, 16, 18, 22 and 24-lead 

ceramic (Cerdlp) DIL PREFIX DEVICE FAMILY 
I,IK I 14, 16, 18, 22, 28 and 4-lead 

ceramic OIL CA Linear Industry Standard 

K K 1a-lead TO-100 OM Linear Industry Standard 
L L 1a-lead high-profile TO-100 JB Mil Rei-Jan Qualified-

can Old Designator 
NA,NX N 24-lead plastic OIL JM Mil Rel-Jan Qualified-
PN PHA 12 + 1 GND pin OIL 
Q,R Q 10. 14, 16 and 24-lead 

ceramic flat 
S S 3-lead TO-92 plastic 
SK SK Microprocessor kit 
T,TA T 8-lead TO-99 

New Designator 
LH Linear Industry Standard 
LM Linear Industry Standard 
M Mil Rei-Jan Processed 
MC Linear Industry Standard 

U U Plastic power TO-220 PA Linear Industry Standard 
V N B-lead plastic DIL SO Linear DMOS 
W,WJ W 10,14, 16 and 24-lead SP DTL Series 

ceramic (Cerpac) flat 
XA N 18-lead plastic OIL 
XC N 20-lead plastic OIL 

UA Linear Industry Standard 
ULN Linear Industry Standard 

XC N 22-lead plastic OIL Table 4 FAMILY PREFIX 
XL,XF N 28-lead plastic OIL 

Table 2 PACKAGE DESCRIPTIONS 
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SPECIAL PROCESSING 
Signetics offers two major processing lev­
els: Mil-Spec and Supr II. Following are brief 
descriptions of these processes. For further 
information in either product availability or 
process data, contact your local Signetics 
sales office. 

SUPR" 
Signetics Upgraded Product Reliability 
(SUPR) program is designed to provide 
industrial manufacturers with integrated 
circuits of a higher level of quality and 
reliability than is available with standard 
commercial product. Improvements in 
quality and reliability will result in signifi­
cant cost savings to the integrated circuit· 
user. Signetics has maintained a quality and 
reliability leadership position via its SUPR-

6 

DIP program (1972) and SUPR II program 
(1975). SUPR il isa.two-Ievel program. Level 
A boosts the AQL functional guarantee on 
all Signetics product families. Level B; for 
maximum reliability, includes an additional 
100% burn-in to Mil std 883. Condition F. 

LEVEL A HIGHLIGHTS 
• Thermal shock preconditioning (per Mil 

std 883) 
• 100% dc testing 
• 100% functional testing at 100· 
• SEMwafer quality monitor 
• Die and preseal visual inspection criteria 

(per Mil std 883) 

The Analog division is continually expand­
ing the availability list of products proc­
essed to SUPR ·11 Levels A and B. For 
information concerning the SUPR Iistatus 

smlotiCS 

of products not shown in Table 5, contact 
your local Signetics sales office. 

DM8820 LM319 p.A723C 
DM8830 LM324 p.A741C 
DM8880 LM339 p.A747C 
DM888Q-1 MC1458 p.A748C 
LM124 MC3302 p.A7805C 
LM201H p.A709C p.A7812C 
LM301A p.A710C 75.4508 
LM307 p.A711C 754518 
LM308 NE555 754528 
LM309 NE556 754538 
LM3111 754548 
MC1496 

Table 5 PROD.UCT PRESENTLY 
AVAILABLE TO LEVElLS A AND B 
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OPERATionAl AmPllrlERS 
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DESCRIPTION 
LF155,LF155A,LF255,LF355,LF355A(Low 
Supply Current) 
LF156, LF156A, LF256, LF356, LF356A 
(Wide Band) 
LF157, LF157A, LF257, LF357, LF357A 
!Wide Band) 
The LF155, LF156, LF157 Series of opera­
tional amplifiers employ well matched, high 
voltage JFET input structures on the same 
monolithic chip as bipolar devices. These 
amplifiers feature low input bias and offset 
currents, low offset voltage and offset volt­
age drift, coupled with offset adjust which 
does not degrade drift or common mode 
rejection. The devices are also designed for 
high slew rate, wide bandwidth, extremely 
fast settling time and low noise. 

COMMON FEATURES 
(LF155A1156A/157 A) 
• Low Input bias current 30pA 
• Low input offset current 3pA 
• High Input impedance 10120 
• Low Input offset voltage 1mV 
• Low Vos temperature drift 3p.V;oC 
• Low Input noise current O.OlpA/VHz 

EQUIVALENT SCHEMATIC 

'C = 2pF on LF157 

SPECIFIC FEATURES 
LF155A LF156A 

• Settling time 
(0.01%) 4p.s 1.5p.s 

• High slew rate 5v/p.s 12v/"s 
• Wide bandwidth 2.5MHz 5MHz 
• Low Input noise 20nVl!Hi 12nVlVHz 
• LF155, LF156-mllltary qualifications 

pending 

• Settling time 
(0.01%) 

• High slew rate 
• Wide bandwidth 
• Low Input noise 

APPLICATIONS 

LF157A 
(Ay = 5) 

1.5p.8 
50v/"s 
20MHz 

12nV/v'Hi 

• Precision high speed Integrators 
• Fast A/D, D/A converters 
• High Impedance buffers 
• Wldeband, low noise, low drift amplifier 

(1) 

(S) 

OUT 

H!noticH 

LF155/ A/156/ A/157/ A, LF255/256/257, 
LF355/A/356/A/357/A-T 

PIN CONFIGURATION 

BALANCE 

INVERTING 
INPUT 

NONINVERTING 
INPUT 

LF155AT 
LF155T 
LF255T 
LF355AT 
LF355T 

T PACKAGE 
.He 

v-
ORDER PART NO. 

LF156AT 
LF156T 
LF256T 
LF356AT 
LF356T 

v+ 

OUTPUT 

BALANCE 

LF157AT 
LF157T 
LF257T 
LF357AT 
LF357T 
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ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Supply voltage 
LF155A16A/7A. LF155/6/7 ±22 
LF255/617 ±22 
LF355A16A/7A. LF355/SI7 ±18 

Power dissipation1 TO-99 (T-package) 
LF155A1SAl7A. LF155/617 S70 
LF255/SI7 570 
LF355A/6A/7 A. LF355/6/7 500 

Operating temperature range 
LF155A16N7 A. LF155/6/7 -55 to +125 
LF255/S/7 -25 to +85 
LF355A/SAl7A. LF355/S/7 o to+70 

TJ (Max) 
LF155A1SA/7 A. LF155/S/7 150 
LF255/6/7 115 
LF355A/6A17A. LF355/6/7 100 

Input voltage range2 

LF155NSA17 A. LF155/S/7 ±20 
LF255/6/7 ±20 
LF355A1SAI7 A. LF355/6/7 ±20 

Output short circuit duration 
LF155A/6A17A. LF155/6/7 Continuous 
LF255/SI7 Continuous 
LF355A1SAI7A. LF355/SI7 Continuous 

Storage temperature range 
LF155A1SAI7A. LF155/S/7 -S5 to +150 
LF255/617 -65 to +150 
LF355A16AI7 A. LF355/SI7 -S5 to +150 

Lead temperature (soldering. 10secJ 300 
LF155A1SAI7A. LF155/617 300 
LF255/SI7 300 
LF355A/6A/7A. LF355/SI7 300 

NOTES 

1. The TO-99 package must be derated based on a thermal resistance of 150·CIW· 
junction to ambient or 25°CIW junction to case. 

2. Unless otherwise specified, the absolute maximum negative input voltage is equal to 
the negative power supply voltage. 

14 smnRties 

LF155/ A/156/ A/157 / A. LF255/256/257. 
LF355/ N356/ A/357 / A-T 

UNIT 

V 
V 
V 

mW 
mW 
mW 

°C 
°C 
.oC 

QC 
OIC 
o'C 

V 
V 
V 

°c 
°c 
°c 
°C 
°c 
°c 
°c 



LF155/A/156/A/157/A, LF255/256/257, 
LF355/A/356/A/357/A-T 

DC ELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise specified. (See notes on following page') 

LF155A/SAl7 A LF355A1SA/7 A 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Vas I nput offset voltage Rs = 500 1 2 1 2 mV 
2.5 2.3 mV 

t:,vas/tlT Avg. TC of input offset Rs = 500 3 5 3 5 p.V/oC 
voltage 

tlTC/tlVas Change in ave'rage TC2 Rs = 500 0.5 0,5 p.VloC 
with Vas adjust per mV 

los Input offset current1,3 TJ = 25°C 3 10 3 10 pA 
TJ :5 Thigh 10 1 nA 

18 Input bias current1,3 TJ = 25°C 30 50 30 50 pA 
TJ :5 Thigh 25 5 nA 

RIN I nput resistance TJ = 25°C 1012 1012 0 
AVOL Large signal voltage gain Vs - ± 15V 50 200 50 200 V/mV 

Va = ± 10V, RL =2kO 25 25 V/mV 
Over temp, 

Va Output voltage swing Vs = ± 15V, RL = 10kO ±12 ±13 ±12 ±13 V 
Vs = ± 15V, RL = 2kO ±10 ±12 ±10 ±12 V 

VCM' Input common mode +15.1 +15.1 V 
Voltage range Vs = ± 15V ±11 ±11 V 

-12 -12 V 
CMRR Common-mode rejection ratio 85 100 85 100' dB 
PSRR Supply volt. rej. rati04 85 100 85 100 dB 

DC ELECTRICAL CHARACTERISTICS (Cont'd) TA = 25°C unless otherwise specified. (See notes on following page,) 

LF155/S17 LF255/S/7 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Vas Input offset voltage Rs = 500 3 5 3 5 mV 
7 6,5 mV 

tNas/tlT Avg. TC of input offset Rs = 500 5 5 p.V/oC 
voltage 

tlTC/tlVas Change in average TC2 Rs = 500 0.5 0.5 p.V/oC 
with Vas adjust per mV 

los Input offset current1,3 TJ=25°C 3 20 3 20 pA 
T J :5 Thigh 20 1 nA 

18 Input bias current1,3 TJ = 25°C 30 100 30 100 pA 
TJ :5 Thigh 50 5 nA 

RIN Input resistance TJ = 25°C 1012 1012 0 
AVOL Large signal voltage gain Vs -±15V 50 200 50 200 V/mV 

Va = ± 10V, RL = 2kO 25 25 VlmV 
Over temp. 

Va Output voltage swing Vs = ± 15V,RL =10kO ±12 ±13 ±12 ±13 V 
Vs = ± 15V, RL =2kO ±10 ±12 ±10 ±12 V 

VCM Input common mode +15.1 +15.1 V 
Voltage range Vs =± 15V ±11 ±11 V 

-12 -12 V 
CMRR Common-mode rejection ratio 85 100 85 100 dB 
PSRR Supply volt. rej. rati04 85 100 85 100 dB 
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LF155/ A/156/ A/157/ A, LF255/256/257, 
LF355/A/356/A/357/A-T 

DC ELECTRICAL CHARACTERISTICS (Cont'd) TA = 25°C unless otherwise specified. 

LF355/6/7 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Vos Input offset voltage Rs = 500 3 10 mV 
13 mV 

.:1Vos/.:1T Avg. TC of input offset Rs - 500 5 p'vrc 
voltage 

.:1TC/.:1Vos Change in average TC2 Rs = 500 0.5 p.V/oC 
with Vos adjust per mV 

los Input offset current1,3 TJ = 25°C 3 50 pA 
TJ :5 Thigh 2 nA 

18 Input bias current1,3 TJ = 25°C 30 200 pA 
TJ:5 Thigh 8 nA 

RIN Input resistance TJ = 25°C 0 
AVOL Large signal voltage gain Vs = ± 15V 25 1012 VlmV 

Vo = ± 10V, RL = 2kO 200 
Over temp. 15 VlmV 

Vo Output voltage swing Vs = ± 15V, RL =10kO ±12 ±13 V 
Vs = ± 15V, RL = 2kO ±10 ±12 V 

VCM Input cammon made +15.1 V 
Voltage range Vs =± 15V ±10 V 

-12 V 
CMRR Cammon-made rejection ratio 80 100 dB 
PSRR Supply volt. rej. ratio4 80 100 dB 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ±15V unless otherwise specified. 

LF155A/355A 
LF355 LF156A1LF156/256 

PARAMETER 
LF155/255 

UNIT 
Min Typ Max Min Typ Max Min Typ Max 

Supply current 2 4 2 4 5 7 mA 

DC ELECTRICAL CHARACTERISTICS (Cont'd) TA = 25°C, Vs = + 15V unless otherwise specified. -
LF356A1LF356 

PARAMETER 
Min Typ Max 

Supply currerit 5 10 

NOTES 
1. These specifications apply for ±15V"; Vs";± 20V. -55'C ";TA ±125'C and THIGH = 

+125'C unless otherwise stated for the LF155A16A17A and the LF155/617. For the 
LF255/617, these specifications apply for ±15V"; Vs"; ±20V, ~25' C"; TA"; +85'C and 
THIGH = 85'C unless otherwise stated. For the LF355A/6A17A. these specifications 
apply for ±15V,,; Vs"; ±20V, O'C"; TA"; +70'C and THIGH = +70'C. and for the 
LF355/617 these specifications apply for Vs = ±15V and 0' C"; TA"; +70' C. Vos, Ie imd 
los are measured at VCM= O. 

2. The Temperature Coefficient of the adjusted input offset voltage changes only a small 
amount (O.5"V/'C typically) for each mV 01 adjustment from its original unadjusted 
value. Common mode rejection and open loop voltage gain are also unaffected by 
offset adjustment. 

LF157A1LF157/257 LF357A1LF357 
UNIT 

Min Typ Max Min Typ Max 

5 7 5 10 mA 

3. The input bias currents Bre junction leakage currents which approximatelydoublefor 
every 10°C increase in the junction temperature, T J. Due to limited production test 
time, the Input bias currents measured are correlated to junction temperature. In 
normal operation the junction temperature rises above the ambient temperature as a 
reslilt of internal power dissipation. Pd. Ti = TA + 91A Pd where 9jA is the thermal 
resistance from junction to ambient. Use of a heat sink is recommended if input bias 
current is to be kept to a minimum. 

4. SupplyVoltage Rejection is measured for both supply magnitudes Increasing or 
decreasing simultaneously, in accordance with common practice. 
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LF155/A/156/A/157/A, LF255/256/257, 
LF355/A/356/A/357/A-T 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ± 15V unless otherwise specified.1 

TEST LF155A1LF355A LF156A/356A LF157A1357A 
PARAMETER 

CONDITIONS 
UNIT 

Min Typ Max Min Typ Max Min Typ Max 

SR Slew rate LF155/156 3 5 10 12 40 50 V/p.s 
LF155A/6A: Av = 1 

GBW Gain bandwidth 2.5 4 4.5 15 20 MHz 
product 

ts Settling timeS 
to 0.01% 4 1.5 1.5 /JoS 

en Equiv. input 
noise volt. Rs = 1000 

f = 100Hz 25 15 15 nV/VHZ 
f = 1000Hz 20 12 12 nV/VHZ 

in Equiv. input 
noise current f = 100Hz 0.01 0.01 0.01 pA/I!HZ 

f = 1000Hz 0.01 0.01 0.01 pA/v'RZ 
GIN Input capacitance 3 3 3 pF 

AC ELECTRICAL CHARACTERISTICS (Gont'd) TA = 25°C, Vs = ± 15V unless otherwise specified.1 

TEST LF155/255/355 LF156/256 LF356 
PARAMETER CONDITIONS 

UNIT 
Min Typ Max Min Typ Max Min Typ Max 

SR Slew rate LF155/156 5 7.5 12 12 V/p.s 
LF155A/6A: Av = 1, 

GBW Gain bandwidth 2.5 5 5 MHz 
product 

ts Settling timeS 
to 0.01% 4 1.5 1.5 p's 

en Equiv. input 
noise volt. Rs = 1000 

f = 100Hz 25 15 15 nV/I!RZ 
f = 1000Hz 20 12 12 nV/v'RZ 

in Equiv. input 
noise current f = 100Hz 0.01 0.01 0.01 pAl 11HZ 

f = 1000Hz 0.01 0.01 0.01 pA/I/HZ 
GIN Input capacitance 3 3 3 pF 

91!1nOliC9 17 



LF155/A/156/Al157/A, LF255/256/257, 
LF355/ A/356/ Al357/ A-T 

AC ELECTRICAL CHARACTERISTICS (Cont'd)TA = 25°C, Vs = ± 15V unless otherwise specified. 1 

TEST 
PARAMETER 

CONDITIONS 

SR Slew rate LF157A/LF157: Av = 5 

GBW Gain bandwidth 
product 

ts Settling timeS 
to 0.01% 

en Equiv. input 
noise volt. Rs= lOOn 

f = 100Hz 
f = 1000Hz 

in Equiv. input 
noise current f = 100Hz 

f = 1000Hz 
C,N Input capacitance 

NOTE 

5. Settling time is defined here, for a unity gain inverter connection using 2kO resistors for 
the LF155/S. It is the time required for the error voltage (the voltage at the inverting input 
pin on the amplifier) to settle to within 0.01% of its final value from the time a 10V step input 
is applied to the inverter. FortheLF157, Av=-5, the feedback resistorfromoutputto input 
is 2kn and the output step is 10V (See Settling Time Test CircuitJ. 
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30 

LF157/257 LF357 
UNIT 
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50 50 Vlp.s 

20 20 MHz 

1.5 1.5 p'S 

15 15 nVlIIHz 
12 12 nV/v'RZ 

0.01 0.01 pAl.YHz 
0.01 0.01 pA/YHz 

3 3 pF 
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TYPICAL DC PERFORMANCE CHARACTERISTICS (Cont'd) 
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TYPICAL AC PERFORMANCE CHARACTERISTICS 
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TYPICAL AC PERFORMANCE CHARACTERISTICS (Cont'd) 
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TYPICAL AC PERFORMANCE CHARACTERISTICS (Cont'd) 
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LF155/ A/156/ A/157 / A, LF255/256/257, 
LF355/A/356/A/357/A-T 

TYPICAL AC PERFORMANCE CHARACTERISTICS (Cont'd) 
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SETTLING TIME TEST CIRCUIT 

• Settling time is tested with the LF155/6 connected 
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APPLICATION HINTS 
The LF155/6/? series are op amps with JFET 
input devices. These JFETs have large re­
verse breakdown voltages from gate to 
source and drain eliminating the need for 
clamps across the inputs. Therefore large 
differential input voltages can easily be 
accommodated without a large increase in 
input current. The maximum differential 
input voltage is independent of the supply 
voltages. However, neither of the input volt­
ages should be allowed to exceed the neg­
ative supply as this will cause large currents 
to flow which can result in a destroyed unit. 

Exceeding the negative common-mode lim­
it on either input will cause a reversal of the 
phase to the output and force the amplifier 
output to the corresponding high or low 
state. Exceeding the negative common­
mode limit on both inputs will force the 
amplifier output to a high state. In neither 
case does a latch occur since raising the 
input back within the common-mode range 
again puts the input stage and thus the 
amplifier in a normal operating mode. 

Exceeding the positive common-mode limit 
on a single input will not change the phase 
of the output; however, if both inputs ex-

TYPICAL CIRCUIT CONNECTIONS 

VOS ADJUSTMENT 

v+ 

v-

• Vos is adjusted with a 25k potentiometer 
• The potentiometer wiper is connected to V+ 

• For potentiometers with temperature 
coefficient of 1 OOppm/' C or less the 
additional drift with adjust is =·0.5~V/ 
'C/mV of adjustment 

• Typical overall drift: 5~V/'C ± 10.5~V/ 
'C/mV of adj.J 

ceed the limit, the output of the amplifier will 
be forced to a high state. 

These amplifiers will operate with the 
common-mode input voltage equal to the 
positive supply. In fact, the common-mode 
voltage can exceed the positive supply by 
approximately 100mV independent of sup­
ply voltage and over the full operating 
temperature range. The positive supply can 
therefore be used as a reference on an input 
as, for example, in a supply current monitor 
and/or limiter. 

Precautions should be taken to ensure that 
the power supply for the integrated circuit 
never becomes reversed in polarity or that 
the unit is not inadvertently installed back­
wards in a socket as an unlimited current 
surge through the resulting forward diode 
within the IC could cause fusing of the 
internal conductors and result in a de­
stroyed unit. 

Because these amplifiers are JFET rather 
than MOSFET input op amps they do not 
require special handling. 

All of the bias currents in these amplifiers 
are set by FET current sources. The drain 
currents for the amplifiers are therefore 

~-------------------. 

DRIVING CAPACITIVE LOADS 

5k 

Due to a unique output stage design these amplifiers 
have the ability to drive large capacitive loads and still 
maintain stability. CL max" O.D1~F. 
Overshoot" 20% 
Setting time Itsl " 5~ 

SsgDotiCS 

LF155/A/156/A/15? /A, LF255/256/25?, 
LF355/ A/356/ A/35? / A-T 

essentially independent of supply voltage, 

As with most amplifiers, care should be 
taken with lead dress, component place­
ment and supply decoupling in order to 
ensure stability. Forexample, resistors from 
the output to an input should be placed with 
the body close to the input to minimize 
"pickup" and maximize the frequency of the 
feedback pole by minimizing the capaci­
tance from the input to ground. 

A feedback pole is created when the feed­
back around any amplifier is resistive. The 
parallel resistance and capacitance from 
the input of the device (usually the inverting 
input) to ac ground set the frequency of the 
pole. In many instances the frequency of 
this pole is much greater than the expected 
3dB frequency of the closed loop gain and 
consequently there is negligible effect on 
stability margin. However, if the feedback 
pole is less than approximately six times the 
expected 3dB frequency a lead capacitor 
should be placed from the output to the 
input of the op amp. The value of the added 
capacitor should be such that the RC time 
constant of this capacitor and the resistance 
it parallels is greater than or equal to the 
original feedback pole time constant. 

LF157. A LARGE POWER 
BW AMPLIFIER 

10k 

lk r-~ 
YIN~-

v+ 

-:~~ 

Y-

For distortion < 1% '8nd a 20V p~p VOUT swing 
power bandwidth is: 500kHz. 
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TYPICAL APPLICATIONS 

24 

HIGH IMPEDANCE, LOW DRIFT 
INSTRUMENTATION AMPLIFIER 

+15V 

R R3 

+15V 

R 
>,;....~-oVOUT 

-15Y 

• VOUT = - - + 1 AV, V~ +2V S VIN Common-Mode S V+ R3 [2R2 ] 
R R1 

• System Vos adjusted via A2 Vos adjust 
• Trim R3 to boost up CMRR to 120dB. 

FAST LOGARITHMIC CONVERTER 

+15V 

-15V 

2' 

IVOUTI= [1+ ~]~ Invr~J = log VI_1_ 
RT q LVREF Ri Ri IR 

R2 = 15.71, Rl = 1k. O.3%OC (for temperature compensation) 

• Dynamic range: 100)lA S I; S 1mA (5 decades, IVol = W/decades) 
• Transient response: 3IAs for ..6., = decades 
• el, C2. R2, A3: added dynamic compensation 
• Vos adjust the LF156 tp minimize quiescent error 
• RT: Tel Labs type 081 + 0.3%J°C. 

LF1551 Al1561 Al1571 A, LF255/256/257, 
LF355/ A/356/ A/357/ A-T 

HIGH ACCURACY SAMPLE AND .HOLD 

• By closing the loop through A2 the VOUT accuracy will be determined uniquely by 
A 1. No Vos adjust required for A2. 

• TA can be estimated by same considerations as previously but, because of th.8 
added on propagation delay in the feedback loop (A2) the overshoot is not 
negligible. 

• Overall system slower than fast sample and hold. 
• R1, Cc: additional compensation 
• Use LF156 for 

.a Fast settling time 
A Low Vos 

HIGH Q NOTCH FILTER 

V+ 

c c 

• 2R1 = R = 10MO 
2C = C1 = 300pF 

">-=---+---0 VOUT 

• Capacitors should be matched to obtain high a 

Smnotic9 

• fNOTCH = 120Hz, notch = 55dB, 0> 180 
• Use LF155 for 

A Low Is 
A Low supply current 



TYPICAL APPLICATIONS (Cont'd) 

V'N 

NON-INVERTING UNITY 

GAIN OPERATION FOR LF157 

R2 

-= 
1 

R1C1;,,----
12!TIISMHzl 

R2 + RS 
R1 = 

4 

AVIDCI-1 
f-3dB ~ SMHz 

HIGH Q BAND PASS FILTER 

C1 
O.OO1J..!F 

Rl 
62k 

R2 
300k 

INVERTING UNITY GAIN FOR LF157 

-= 

lpF 

R2 

1 
R1C1;,,----

12!TIISMHzl 

R1 = 
R2 

4 

AVI(DCI==-1 

f-3dB ~ 5MHz 

>:'-'~-oVOUT 

• By adding positive feedback (R2) Q increases to 40 
• fBP = 100kHz 

Your 
- = 10'/0 
V'N 

• Clean layout recommended 
• Response to a 1V p-p tone burst: 300,u.s 

Si!lDOliCS 

LF155/A/156/A/157 lA, LF255/256/257, 
LF3551 A/3561 A/357 I A-T 

WIDE BW LOW NOISE, 

LOW DRIFT AMPLIFIER 

R1 

, 
C1 :~: 

..J.... 

C2 

R2 

V+ 

v-

s, 
• Power BW: fMAX = -- ill! 240kHz 

2!Tlp 

• Parasitic input capacitance C1 ~ (3pF for LF155. 
LF156, and LF1S7 plus any additional layout 
capacitance) interacts with feedback elements and 
creates undesirable high frequency pole. To 
compensate add C2 such that: R2C2" Ric1. 
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DESCRIPTION 
The LM101, LM201, LM101A, LM201A, and 
LM301A are high performance operational 
amplifiers featuring high gain, short circuit 
protection, simplified compensation and 
excellent temperature stability. 

The LH2101A,LH2201A, LH2301A are dual 
amplifier using two LM101A type devices in 
the same hermetic package. All electrical. 
specifications are th'e same as the single 
amplifiers. 

FEATURES 
• Short circuit protection 
• Offset voltage null capability 
• Large common-mode and differential 

voltage ranges 
• Low power consumption 
• No. latch up 
• LM101, LM101A Mil std 883A,B,C avail­

able 
• LM101A Mil std 38510 (JAN) planned, Mil 

std M38510 processing available 
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LM101/A/201/A/301/A, LH2101A/2201A/2301A-F,N,N-14,T 

PIN CONFIGURATIONS 

F,N-14 PACKAGE 

ORDER PART NO. 

LM101N-14 
LM201N-14 
LM101AN-14 
LM201AN-14 
LM301AN-14 

LM101AF 
LM201AF 
LM301AF 
LM101F 
LM201F 

OUTPUT COM­
PENSATION A 

BALANCEI 
COMPENSATION Po 

INVERTING 
INPUT A 

NON·INVERTING 
INPUT A 

F PACKAGE 

ORDER PART NOe 

LH2101AF 
LH2201AF 
LH2301AF 

OUTPUT A 

NON-INVERTING 
INPUTS 
INVERTING 
INPUT B 
BALANCE! 
COMPENSATION B 
OUTPUT 
COMPENSATION B 

EQUIVALENT SCHEMATIC 

91!100tlCS 

T PACKAGE 

ORDER PART NO. 

LM10lT 
LM20lT 
LM101AT 
LM201AT 
LM301AT 

N PACKAGE 

,",a.oaM.J{3 OFFSET NULL 1 , FREO. COMP 

INVE~~~~ 2 - 7 v' 

NON.INVE~:~~~ 3.. 6 OUTPUT 

v- 4 5 OFFSET NULL 

ORDER PART NO. 

LM101N 
LM201N 
LM101AN 
LM201AN 
LM301AN 



LM101/A/201/A/301/A, LH2101A/2201A/2301A-F,N,N-14,T 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Supply Voltage 
LH2101A, LH2201A, LM101, ±22 
LM201, LM101A, LM201A 
LM301A, LH2301A ±18 

Power dissipation1 500 
Differential input voltage ±30 
Input voltage2 ±15 
Output short circuit duration Indefinite 
Operating temperature range 

LM101, LM101A, LH2101A -55 to +125 
LM201A, LH2201A -25 to +85 
LM201, LM301A, LH2301A o to +70 

Storage temperature range -65 to +150 
Lead temperature (soldering 60sec) 300 

NOTES 

1. Absolute maximum rating holds for all packages. The maximum junction temperature 
is 150'C for the LM10l and 100'C for Ihe LM201. For operation at elevated 
temperatures, derate according to appropriate thermal resistances given under 
package information. 

2. Forsupply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

UNIT 

V 

mW 
V 
V 

°C 
°C 
°C 
°C 
°C 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, ±5V::; Vs::; +20V unless otherwise specified." 

PARAMETER TEST CONDITIONS 
LM101 

Min Typ Max Min 

Vas Offset voltage Rs::; 10k!}, Cl = 30pF 1.0 5.0 
Over temp. 6.0 

Vas Drift Rs ::; 50!}, Cl = 30pF 3.0 
Rs::; 10k!} 6.0 

los Offset current Cl = 30pF 40 200 
T A = high, Cl = 30pF 10 200 

TA = low 100 500 
Over temp. 
TA =+70°C 

TA = O°C 

'SlAS Input current Cl = 30pF 120 500 
TA =-55°C, C1 = 30pF 280 1500 

TA= O°C 

VCM Common mode voltage range Over temp., Vs = ±15V, C1 = 30pF ±12 ±12 

CMRR Common mode rejection ratio Rs::; 10k!}, Cl = 30pF, over temp. 70 90 65 

RIN I nput resistance Cl =30pF 0.3 0.8 0.1 

AVOL Large signal voltage gain RL ~ 2k!}, VOUT ±10V, Vs - ±15V 50 160 20 
Over temp. 25 15 

Supply current Vs =±20V 1.8 3.0 

"NOTE 

Unless otherwise specified, all specifications for LM301A are ±5V:::; Vs :S ±15V. 

SmootlGS 

LM201 
UNIT 

Typ Max 

2.0 7.5 mV 
10 mV 

6 p.V/oC 
10 p.V/oC 

100 500 nA 
nA 
nA 
nA 

50 400 nA 
150 750 nA 

250 1500 nA 
nA 

320 2000 nA 

V 

90 dB 

0.4 M!} 
150 V/mV 

V/mV 

1.8 3.0 mA 
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LM101/A/201/A1301/A, LH2101A/2201A12301A-F,N,N-14,T 

DC ELECTRICAL CHARACTERISTICS (Cont'd) TA = 25°C, ±5V:::; Vs:::; +20V unless otherwise specified .. 

LM101AJLM201AJ LM301AJLH2301A 
PARAMETER TEST CONDITIONS LH2101AJLH2201A UNIT 

Min Typ Max Min Typ Max 

Vas Offset voltage Rs :::; 50kO, C, = 30pF 0.7 2.0 2.0 7.5 mV 
Over temp. 3.0 10 mV 

Vas Drift RS = 00, over temp. 3.0 1.5 6.0 30 p.V/oC 

los Offset current C, = 30pF 1.5 10 3 50 nA 
Over temp. 20 70 nA 

los Drift +25°C:::; TA:;; TMAX, C, = 30pF 0.01 0.1 0.01 0.3 nA/oC 
TMIN :;; TA :;; +25°C 0.02 0.2 0.02 0.6 nA/oC 

ISlAS Input current C, = 30pF 30 75 70 250 nA 
Over temp. 100 300 nA 

VCM Common mode voltage range Over temp., Vs = ±15V, C, = 30pF ±12 V 
Vs = ±20 ±15 V 

CMRR Common mode rejection ratio Rs :::; 50kO, C, = 30pF, over temp. 80 96 70 90 dB 

RIN Input resistance C, = 30pF 1.5 4 0.5 2 MO 

AVOL Large signal voltage gain RL ~ 2kO, VOUT ±10V, Vs - ±15V 50 160 25 160 V/mV 
Over temp. 25 15 V/mV 

Supply current Vs = ±20V 1.8 3.0 mA 
Vs = ±15V 1.8 3.0 mA 

'NOTE 
Unless otherwise specified, aI/ specifications for LM301A are ±5V::;: Vs ~ ±15V. 
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LM1 01 IA/201 IA/301 lA, LH2101A/2201A/2301A-F,N,N-14,T 

TYPCIAL PERFORMANCE CHARACTERISTICS 
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LM1 01 IA/201 IA/301 lA, LH2101A/2201A/2301A-F,N,N-14,T 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

LARGE SIGNAL FREQUENCY VOLTAGE FOLLOWER OPEN LOOP FREQUENCY 
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16 10 ,,, 
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IM10172DI/10IAl'"1A/301A 
[82101AI221111/231111 

LM1 01 IA/201 IA/301 lA, LH2101A/2201A/2301A-F,N,N-14,T 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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LM101/A/201/A/301/A, LH2101N2201A/2301A~F,N,N-14,T 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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IMI01/20[,1011/211I,1011 
I N11 01 1/"01 1/23011 

LM101/A/201/A/301/A, LH2101A/2201A/2301A-F,N,N-14,T 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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GUARANTEED PERFORMANCE CHARACTERISTICS 
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LM101/A/201/A/301/A, LH2101A/2201A/2301A-F,N,N-14,T 
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LM101/A/201/A/301/A, LH2101A/2201A/2301A-F,N ,N-14,T 

COMPENSATION CIRCUITS 

SINGLE POLE 
COMPENSATION 

R2 

R' 

R3 -;,r~-~VOUT 
+VIN o-...... W'..--""'i;~ 

c,;;' R~: ~S2 
Cs = 30pF 

NOTE: Pin connections shown are for T package. 

TYPICAL APPLICATIONS 

INVERTING AMPLIFIER WITH 
BALANCING CIRCUIT 

INPUT o-"""I'r~-....... ""'--, 

C, 
30pF 

OUTPUT 

TWO POLE 
COMPENSATION 

R' 

R1 Cs 
C1 ~ R1 + R2 

Cs = 30pF 

C2=10C1 

R2 

LOW DRIFT SAMPLE 
AND HOLD 

Q1 

2N3456 
OUTPUTo-_p-----_p--., 

INPUT 

C, 
30pF 

C2' JO,'PF 

tMay be zero or equal to parallel combination .Polycarbonate DielectriC Capacitor 
of Rl and R2 for minimum offset. 

v+ 

NOTE: Pin numbers shown refer to Tor N package only. NOTE: Pin numbers shown refer to T or N package only. 

9i,gOOliC9 

FEED FORWARD 
COMPENSATION 

C2 

'5OpF 

VOUT 

, 
C2 '" 21TfOR2 

fo =3MHz 
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DESCRIPTION 
The LM 1 07/207/307 is a general purpose 
internally compensated operational amplifi­
er. Advanced processing techniques pro­
vide input currents which are an order of 
magnitude lower than the IJA709. Standard 
pin out allows plug in replacement for the 
IJA709, LM101, LM101A, and the p.A741. 
FEATURES 
• 3mY max offset voltage over temp 
• 100nA max Input current over temp 
• 20nA max Input offset current over temp 
• Offsets guaranteed over common mode 

range 
• Input/output short circuit protected 
• Mil std 883A,B,C available 

EQUIVALENT SCHEMATIC 

INPUTS 

0 .. 

Rn 
450 

R, R, R, 
5K '2OK 10K 

R. 
250 

36 

PIN CONFIGURATIONS 

T PACKAGE 

NC 

v-

ORDER PART NO. 
LM1 07T ILM207T ILM307T 

R, 
500 

Si!JDOliCS 

C, 
30pF 

LM107/207/30i-F,N,T 

N PACKAGE 

INVERTING 2 
INPUT 

NON-INVERTING 3 
INPUT 

v- 4 

ORDER PART NO. 
LM107N/LM20.rN/LM307N 

F PACKAGE 

INVERTING 4 
INPUT 

NON-INVERTING 5 
INPUT 

ORDER PART NO. 
LM107F/LM207F/LM307F 

R" 

NC 

NC 

NC 

OUTPUT 

50 OUTPUT 

R" 
50 

Qu 

Q" 

R, 
BOK 

R. 
lK 

v-



LMlO7t2D7I3D7 
LM107/207/307-F,N,T 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Supply voltage 
LM107 ±22 V 
LM307 ±18 V 

Power dissipation 500 mW 
Differential input voltage ±30 V 
Input voltage ±15 V 
Output short circuit duration Indefinite 
Operating temperature range 

LM107 -55 to +125 °c 
LM207 -25 to +85 °c 
LM307 o to +70 °c 

Storage temperature range -65 to +150 °c 
Lead temperature 

(soldering, 60sec) 300 °c 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, ±5V::; Vs::; ±20V unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Vos Offset. voltage Rs::; 10kO 
Rs::; 10kO, over temp. 

Rs::; 50kO 
Rs ::; 50kO, over temp. 

Vos Drift Rs = 00, over temp. 

los Offset current 
Over temp. 

los Drift 25°C::; TA::; Tmax 
Tmin ::; TA ::; 25°C 

IBIAS I nput current 
Over temp. 

VCM Common mode voltage range Vs = ±20V, over temp. 
Vs = ±15V, over temp. 

CMRR Common mode rejection ratio Rs ::; ±10k, over temp. 
Rs ::; 50k, over temp. 

RIN Input resistance 

AVOL Large signal voltage gain RL 2: 2kO, VOUT ±1 OV, Vs = ±15V 
RL2:2kO, VouT±10V, Vs=±15V, over temp. 

Supply current TA = +125°C, Vs = ±20V 

NOTES 
1. Themaximum junction temperature of the LM1 XX is 1500 C, while that of the LM2XX is 

100°C. For operating at elevated temperatures, devices must be derated based on the 
thermal resistance of the package as given in the package information section. 

2. For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

3. Continuous short-circuit is allowed for case temperatures to 70°C and ambient 
temperatures to 55°C. 

4. All specifications shown for LM307 are ±5V ~ Vs:=;: ±15V. 

9~nDliC9 

LM107/LM207 

Min Typ Max. 

0.7 2.0 
3.0 

3.0 15 

1.5 10 
20 

0.01 0.1 
0.02 0.2 

30 75 
100 

±15 

80 96 

1.5 4 

50 160 
25 

1.2 2.5 

LM3074 
UNIT 

Min Typ Max 

mV 
mV 

2.0 7.5 mV 
10 mV 

6.0 30 /lV/oC 

3 50 nA 
70 nA 

0.01 0.3 nArC 
0.02 0.6 nA/oC 

70 250 nA 
300 nA 

V 
±12 V 

dB 
70 90 dB 

0.5 2 MO 

25 160 VlmV 
15 VlmV 

mA 
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TYPICAL APPLICATIONS 

INVERTING AMPLIFIER NON-INVERTING AMPLIFIER 

R, R, R, 
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>~-OYOUT ">--'--OYOUT 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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LM107/207/307-F,N,T 

NON-INVERTING AC AMPLIFIER 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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DESCRIPTION 
The LM108/108A series are precision oper­
ational amplifiers having specifications a 
factor of ten better than FET ampl ifiers over 
their operating temperature range. In addi­
tion; to low input currents, these devices 
have extremely low offset voltage, making it 
possible in most cases, to eliminate offset 
adjustments. 

The LH2108 series are hybrids featuring two 
LM108A type dice in the same hermetic 
package. The electrical parameters are the 
same as the single amplifier. 

4.0 

PIN CONFIGURATIONS 

INVERTING 
INPUT 

NON· 
INVERTING S 

INPUT 

F PACKAGE 

ORDER PART NO. 
LM108AF. LM208AF. LM308AF 

LM108F. LM208F. LM308F 

·Unused pin (no internal connection) to allow for 
input anti-leakage. 

T PACKAGE 

COMP2 

v_ 

ORDER PART NO. 
LM1·08AT. LM208AT. LM308AT. 

LM108T. LM208T. LM308T 

FEATURES 

Maximum input bias current 

Offset current 

Supply current (even in saturation) 

Guaranteed drift characteristics 

Offset voltage guaranteed 
Low current error 
LM108, 208, 308, 108A Mil std 883A, 
S,C available 
LM108A Mil std M3851 0 (JAN) planned 
LH2108A series-military qualification 
pending 

91!1notic9 

LM1081 A/2081 A/3081 A-F,N,N-14, T 
LH21 081 Al22081 A/23081 A-F ,N,N-14,T 

~~:PUZ 2 
INPUT 

COMPA 
INVERTING 

INPUT 

NON-INVERTING 5 
INPUT 

F PACKAGE 

OUTPUT A 

NC 

NC 

~ON-INVERTING 
INPUT B 

INVERTING 
INPUTe 

INPUT COMP B 

OUTPUT COMP B 

ORDER PART NO. 
LH2108F LH2108AF 
LH2208F LH2208AF 
LH230BF LH2308AF 

COMP 1 1 

INVERTING 2 
INPUT 

NON-INVERTING J 

INPUT 

N PACKAGE 

8 CQMP2 

6 OUTPUT 

ORDER PART NO. 
LM308AN. LM108N. LM208N. LM308N 

LM10S/20S LM30S 
LM10SA/20SAI 

30SA 

3.0nA over temp. 7.0nA 3.0nA over temp. 

Less than 400pA Less Less than 
over temp. than 400pA over temp. 

1.0nA 

300,uA 300,uA 300,uA 

5,uVloC 

Less than 0.5mV 



EQUIVALENT SCHEMATIC 

COMPENSATION 
1 

COMPENSATION 

LM1 08/ Al208/ A/308/ A-F,N,N-14,T 
LH2108/Al2208/A/2308/A-F,N,N-14,T 

~--------~--~--~-1--------'-~----'-------------------~--------OV+ 

INPUTS 

Rl 
2K 

R4 
20K 

R5 R6 
20K 10K 

R2 
2K 

R13 
20K 

R12 
820 

r---+-.Jo.II/Ir~--Q OUTPUT 

L-__ ~~ ____ ~~~~~ ____ ~ ______ ~ __ ~ ____ ~ ________ -oV_ 

R19 R17 R1S 
6.4K 500 lK 

ABSOLUTE MAXIMUM RATINGS 

RATING 

PARAMETER 
LH2108/LH2208 

UNIT 
LH2108A1LH2208A LM308A1308 

LM108A/208A1 LH2308A1LH2308 
108/208 

Supply voltage ±20 ±18 V 
Power dissipation1,4 500 500 mW 
Differential input current2 ±10 ±10 mA 
Input voltage3 ±15 ±15 V 
Output short-circuit duration Continuous Continuous 
Operating temperature range 

LM108, LH2108 -55 to +125 o to +70 DC 

LM208, LH2208 -25 to +85 DC 
Storage temperature range -65 to +150 -65 to +150 DC 
Lead temperature (soldering 10sec) +300 +300 DC 
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NOTES 
1. The maximum junction temperature of the LM10S/108A is 150°C, while that of the 

LM208l208A is 100°C. For operating at elevated temperatures, devices in the TO-5 
package must be derated based on a thermal resi~.t~lnce of 150°C/W, junction to 
ambient, or 45° elW. junction to case. The thermal resistance of the dual-in-line 
package is 10QoC/W, junction to ambient. 

2. The inputs are shunted with back-ta-back diodes for Dvervaltage protecti,on. 
Therefore, excessive current will flow if a differential input voltage in excess of 1V is 
applied between the inputs unless some limiting resistance is used. 

3. For supply voltages less than ±15V, the absolute maximum input voltage is equal tathe 
supply voltage. 

4. The maximum junction temperature of the LM308 is 85°C. For operation at elevated 
temperatures, devices In the TO-5 package must be derated based on a thermal 
resistance of 150°CIW, junction to ambient, or 45°C/W, junction to case. Thethermai 
resistance of the dual-in-line package is 100°CIW, junction to ambient. 

LM1 081 A/2081 A/308/A-F,N,N-14,T 
LH2108/A/2208/A/2308/A-F,N,N-14,T 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, ±5V $ Vs $ ±20V unless otherwise specified. l ,2 

PARAMETER TEST CONDITIONS 

Vos Offset voltage Rs:;; 10ko. 
Rs :;; 10ko., over temp. 

Vos Drift Rs = 00., over temp. 

los Offset current 
Over temp. 

los Drift Over temp. 

ISlAS Input current 
Over temp. 

VCM Common mode voltage range Over temp. 

CMRR Common mode rejection ratio Rs :;; 10ko., over temp. 
Rs:;; 10ko., -25:;; TA:;; 85°C 

RIN Input resistance 

VOUT Output voltage swing RL = 10ko., over temp. 

Icc Supply current 
TA = +125°C 

PSRR Supply voltage rejection ratio Rs:;; 10ko., over temp. 
±5V:;; Vs :;; ±15V, over temp. 

Average temperature. ±5V :;; Vs :;; ±15V, over temp. 
Coefficient of input 
Offset voltage2 

Coefficient of input Over temp. 
Offset current ±5V :;; Vs :;; ±15V 

NOTES 
1. The maximum junction temperature of the LMI xx is IS0'C, while that ofthe LM2XX is 

200°C. For operating at elevated temperatures, devices must be derated based on the 
thermal resistance of the package as given in the package information section. 

·2. The LM108A has a guaranteed offset voltage less than O.SmVat 2S'C and" 1.0mll for 
-55°C :5125°C and Vs = ±15V, The average temperature coefficient of input offset 
voltage is guaranteed to be less than 5p.V/oC for these same conditions. 
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LM10S/LH210S LM20S/LH220S 
UNIT 

Min Typ Max Min Typ Max 

.7 2.0 0.7 2.0 mV 
3.0 3.0 mV 

3.0 15 3.0 15 p.V/o C 

0.05 0.2 0.05 0.2 nA 
0.4 0.4 nA 

0.5 2.5 0.5 2.5 pA/oC 

0.8 2.0 0.8 2.0 nA 
3.0 3.0 nA 

±13.5 ±13.5 V 

85 100 dB 
85 100 dB 

30 70 30 70 Mo. 

±13 ±14 ±13 ±14 V 

0.3 0.6 0.3 0.6 rnA 
0.15 0.4 0.15 0.4 rnA 

80 96 80 96 dB 

3.0 15 3.0 15 p.V;oC 

0.5 2.5 0.5 2.5 pA/oC 
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LM108/A/208/A/308/A-F,N,N-14,T 
LH2108/A/2208/A/2308/A-F,N,N-14,T 

DC ELECTRICAL CHARACTERISTICS (Cont'd) TA = 25°C, ±5V:5 Vs:5 ±20V unless otherwisespecified.1,2' 

PARAMETER TEST CONDITIONS 

Vas Offset voltage Rs :5 10kO 
Rs :5 10kO, over temp. 

Rs :5 10kO, ±5V:5 Vs :5 ±15V 
Rs:5 10kO, ±5V:5 Vs:5 ±15V, 

over temp. 

Vos Drift Rs = 00, over temp. 
Rs = 00, ±5V:5 Vs :5 ±15V, 

over temp. 

los Offset current 
Over temp. 

±5V:5 Vs:5 ±15V 
±5V :5 Vs:5 ±15V, over temp. 

los Drift Over temp. 
±5V :5 Vs:5 ±15V, over temp. 

ISlAS Input current 
Over temp. 

±5V :5 Vs :5 ±15V 
Vs = ±15V, over temp. 

VCM Common mode voltage range Over temp. 
±5V:5 Vs:5 ±15V, over temp. 

CMRR Common mode rejection ratio Rs :5 10kO, over temp. 
Rs :5 10kO, ±5V :5 Vs :5 ±15V, 

over temp. 

RIN Input resistance 

VOUT Output voltage swing RL = 10kO, over temp. 
±5V:5 Vs :5 ±15V, over temp. 

Icc Supply current 
TA = +125°C 

Vs = ±15V 

Po Power consumption ±5V:5 Vs:5 ±15V 

PSRR Supply voltage rejection ratio Rs:5 10kO, over temp. 
±5V :5 Vs < +15V, over temp. 

Average temperature ±5V:5 Vs:5 ±15V, over temp. 
Coefficient of input 
Offset voltage2 
Coefficient of input Over temp. 
Offset current ±5V:5 Vs:5 ±15V 

NOTES 
1. The maximum junction temperature of the LM1 XX is 150°C, while that of the LM2XX is 

200°C. For operating at elevated temperatures, devices must be derated based on the 
thermal resistance of the package as given in the package information section. 

2. The LM10SA has a guaranteed offset voltage less than O.5mV at 25'C and 1.0mV for 
-55°C 5125°C and Vs = ±15V, The average temperature coefficient of input offset 
voltage is guaranteed to be less than 5/J.V/oC for these same conditions. 

sagnotics 

LM3DB/LH23DB LM1 DBA/LH21 DBA 
UNIT 

Min Typ Max Min Typ Max 

0.3 0.5 mV 
1.0 mV 

2.0 7.5 mV 
10 mV 

1.0 5.0 p.V/oC 
10 p.V/oC 

0.05 0.2 nA 
0.4 nA 

0.2 1 nA 
1.5 nA 

0.5 2.5 pA/oC 
2.0 10 pA/oC 

0.8 2.0 nA 
3.0 nA 

1.5 7.0 nA 
10 nA 

±13.5 V 
±14V V 

96 110 dB 
80 100 dB 

10 40 30 70 MO 

±13 ±14 V 
±13 ±14 V 

0.3 0.6 mA 
0.15 0.4 mA 

0.3 0.8 mA 

9.0 24 mW 

96 110 dB 
80 96 dB 

1.0 5.0 p.V/oC 
6.0 30 p.V;oC 

p.V/oC 
0.5 2.5 pA/oC 

2,0 10 pA/oC 
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LM10B/A/20B/A/30B/A-F,N,N-14,T 
LH210B/Al220B/A/230B/A-F,N,N-14,T 

DC ELECTRICAL CHARACTERISTICS (Cont'd) TA = 25°C, ±5V:5 Vs:5 ±20V unless otherwisespecified. I ,2 

PARAMETER TEST CONDITIONS 

Vos Offset voltage Rs:5 10kn 
Rs:5 10kn, over temp. 

Vos Drift Rs = on, over temp. 

los Offset current 
Over temp. 

los Drift Over temp. 

IBIAS Input current 
Over temp. 

VCM Common mode voltage range Over temp. 
±5V:5 Vs:5 ±15V, over temp. 

CMRR Common mode rejection ratio 
Rs:5 10kn, -25:5 TA:5 B5°C 
Rs:5 10kn, ±5V:5 Vs:5 ±15V, 

over temp. 

RIN Input resistance 
Rs :5 10kn, ±5V:5 Vs:5 ±15V 

VOUT Output voltage swing RL = 10kn, over temp. 
±5V:5 Vs:5 ±15V, over temp. 

Icc Supply current 
TA = +125°C 

Vs = ±15V 

Po Power consumption ±5V:5 Vs:5 ±15V 

PSRR Supply voltage rejection ratio Rs:5 10kn, over temp. 
±5V:5 Vs :5 ±15V, over temp. 

Average temperature ±5V :5 Vs:5 ±15V, over temp. 
Coefficient of input 
Offset voltage2 
Coefficient of input Over temp. 
Offset current ±5V:5 Vs :5 ±15V 

NOTES 
I. The maXimum junction temperature 01 the LMIXX is ISO·C, while that 01 the LM2XX is 

200° C. For operating at elevated temperatures, dey'ices must be derated based on the 
thermal resistance of the package as given in the package information section. 

2. ,The LM108A has a guaranteed offset voltage Jess than O.SmV at 25°C and 1.0rnV for 
_55°C S 125°C and Vs = ±15V. The average temperature coefficient of input offset 
voltage is guaranteed to be less than 5p,V/oC for these same conditions. 
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LM208A1LH2208A LM308A1LH2308A 
UNIT 

Min Typ Max Min Typ Max 

0.3 0.5 0.3 0.5 mV 
1.0 .75 mV 

1.0 5.0 1.0 5.0 p.V/oC 

0.05 0.2 1 nA 
0.4 1.5 nA 

0.5 2.5 2.0 10 pAloC 

O.B 2.0 1.5 7.0 nA 
3.0 10 nA 

±13.5 V 
±14 V 

96 110 dB 
96 110 dB 

30 70 Mn 
10 40 Mn 

±13 ±14 V 
±13 ±14 V 

0.3 0.6 mA 
0.15 0.4 mA 

0.3 o.B mA 

9.0 24 mW 

96 110 dB 
96 110 dB 

1.0 5.0 p.V/oC 
1.0 5.0 p.V/oC 

0.5 2.5 pAloC 
2.0 10 pA/oC 



LM1 081 A/2081 Al3081 A-F,N,N-14,T 
LH21081A12208/A/2308/A-F,N,N-14,T 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, ±5V:s vs:s ±20V unless otherwise specified. 

PARAMETER TEST CONDITIONS 

AVOL Large signal voltage gain1 RL ~ 10kn 
Over temp. 

Vs = 15V, VOUT = ±10V, 
RL <:: 10k 

Over temp. 

NOTE 
1. The maximum junction temperature of the LM1XX is 150°C, while that of the LM2XX is 

200°C. For operating at elevated temperatures, devices must be derated based on the 
thermal resistance of the package as given in the package information section. 

LM10S/LH210S 

Min Typ Max 

50 300 
25 

LM20S/LH220S LM30S/LH230S 

Min Typ Max Min Typ Max 

50 300 
25 

25 300 
15 

AC ELECTRICAL CHARACTERISTICS (Cont'd) TA = 25°C, ±5V:S vs:s ±20V unless otherwise specified. 

LM10SA/LH210SA LM20SA/LH220SA LM30SAlLH230SA 
PARAMETER TEST CONDITIONS 

AVOL Large signal voltage gain 1 RL<:: 10kn 
Over temp. 

Vs = 15V, VOUT = ±10V, 
RL <:: 10k 

Over temp. 

NOTE 
1. The maximum junction temperature of the LM 1 XX is 150" C, wh i Ie that olthe LM2XX is 

200° C. For operating at elevated temperatures. devices must be derated based on the 
thermal resistance of the package as given in the package information section. 

Min 

80 
40 

TYPICAL PERFORMANCE CHARACTERISTICS LM10S/20S 

INPUT CURRENTS OFFSET ERROR 

2.0 100 

TA,,25"C 

1.5 

'-... 
1.0 

"'-.... 
10 

Typ 

300 

~A~ 
.5 -- MAXIMUM V 
0 ./ 

~ <,> 
Tvprc~ .16 

1.0 

.1 

"'-.... r- OFFSET 
.06 

0 0.1 ... -36 ·15 6 26 .. .. .. 106 126 100K ,. 10M 

TEMPERATURE _ °c INPUT RESIST ANCE ~ n 

Smooties 

Max Min Typ Max Min Typ Max 

80 300 
40 

80 300 
60 

DRIFT ERROR 

1000 

-55·C < T A < 125°C 

V V 100 

/ MAXIMUM 

~YPICAL 
./ 

10 -
1.0 

100M 100K ,. 10M 

INPUT RESISTANCE-n 

UNIT 

V/mV 
V/mV 
V/mV 
VlmV 

UNIT 

VlmV 
VlmV 
VlmV 
VlmV 

100M 
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TYPICAL PERFORMANCE CHARACTERISTICS LM108/208 (Cont'd) 

INPUT NOISE VOLTAGE POWER SUPPLY REJECTION 

1000 120 

i', TA..l50 C 
100 

... 
VS"'!16V-

'" 
... AV· ' , 
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~ I"" ~ 

, 
RS""M 

~ - .. 
X N ~ 100 

NEGATIVE SUPf>LY 

0 RS,,'00K 
Z 40 

'" i ~\ .. 20 
/ 

Cf=3OpF-- 1'\\ ~ CS·,00pF---

• 'Co 

10 -20 

10 100 1. 10K 100 1k 
' " .. lOOk 1M 10M 

FREQUENCY - Hz FREQUENCY _ liz 

VOLTAGE GAIN OUTPUT SWING 

12. 

TA.L 

t, .. ,L 
15 

tooPo ... 

" ~r--'110 

~ I-- \ f\ ~ 10 
I 
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, .. 
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''''i HZ 

, 
• 10 I. 20 2 4 • • 10 

SUPPLVVOLTAGE - tV OUTPUT CURRENT - !mA 
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120 
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196 18 
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100 
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LM108/A/208/A/308/A-F,N,N-14,T 
LH2108/A/2208/A/2308/A-F,N,N-14,T 

CLOSED LOOP OUTPUT IMPEDANCE 
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TYPICAL PERFORMANCE CHARACTERISTICS LM308 

INPUT CURRENTS OFFSET ERROR 
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LM10S/ A/20S/ A/30S/ A-F,N,N-14,T 
LH210S/A/220S/A/230S/A-F,N,N-14,T 
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TYPICAL PERFORMANCE CHARACTERISTICS LM308 (Cont'd) 

OPEN LOOP FREQUENCY RESPONSE 
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STANDARD COMPENSATION 
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DESCRIPTION 
The LM124/SA534 series consists of four 
independent, high gain, internally frequen­
cy compensated operational amplifiers de­
signed specifically to operate from a single 
power supply over a wide range of volt­
ages. 

The LM158 series consists of two operation­
al amplifiers designed as above. Operation 
from dual supplies is also possible for both 
series and the low power supply current 
drain is independent of the magnitude of the 
power supply voltage. 

FEATURES 
• Internally frequency compensated for 

unity gain 
• Large dc voltage gain-(100dB) 
• Wide bandwidth (unity gain)-1MHz 

(temperature compensated) 
• Wide power supply range 

Single supply-(3Vdc to 30Vdc) or 
dual supplles-(±1.5Vdc to ±15Vdc) 

EQUIVALENT SCHEMATIC 

• Very low supply current drain­
essentially independent of supply volt­
age (1mW/op amp at +5Vdc) 

• Low Input biasing current-(45nAdc 
temperature compensated) 

• Low input offset voltage-(2mVdc) and 
offset current-(5nAdc) 

• Differential input voltage range equal to 
the power supply voltage 

• Large output voltage-(OVdc to V+-
1.5Vdc swing) 

• LM124 Mil std BB3A,B,C available 

UNIQUE FEATURES 
In the linear mode the Input common-mode 
voltage range includes ground and the out­
put voltage can also swing to ground, even 
though operated from only a single power 
supply voltage. 

The unity gain cross frequency is tempera­
ture compensated. 

The input bias current is also temperature 
compensated. 

v+o---~-------------.--~----~------~---, 

l00pA 

Rse 

OUTPUT 

-::- -::- -::- -::- -::-

SjgnotiCG 

! H! i 
i 

LM124/A/224/A/324/A/SA534-F,N-14,T 
LM158/A/258/A/358A-F,N,T 

PIN CONFIGURATIONS 

T PACKAGE 

OUTPUT B 

INVERTING 
INPUT B 

v+ 

y-

OUTPUT A 

INVERTING 
INPUT A 

NON-INVERTING 
INPUT A 

OROER PART NO. 

LM15BT 
LM35BT 
LM25BAT 

LM25BT 
LM15BAT 
LM35BAT 

N PACKAGE 

INVERTING 
INPUT A 

NON-INVERTING 
INPUT A 

INVERTING 
INPUT B 
NON-INVERTING 
INPUT B 

ORDER PART NO. 

LM158N 
LM358N 
LM258AN 

LM25BN 
LM158AN 
LM358AN 

F,N-14 PACKAGE 

OROER PART NO. 

LM124N LM224N LM324N 
LM124F LM224F LM324F 
LM124AN LM224AN LM324AN 

LM124AF LM224AF LM324AF 

SA534N SA534F 
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ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

V+ Supply voltage 32 or ±16 
Differential input voltage 32 
Input voltage -0.3 to +32 
Power dissipation1 

T package 680 
N package 570 
F package 900 

Output short-circuit to GND 
1 amplifier2 Continuous 
V+ < 15Vdc and TA = 25°C 

Input current (VIN < -0.3V)3 50 
Operating temperature range 

LM324A, LM324, LM358 Oto +70 
LM224A, LM224, LM258 -25 to +85 
SA534 -40 to +85 
LM124A, LM124, LM158 -55 to +125 

Storage temperature range -65 to+150 
Lead temperature (soldering, 10sec) 

NOTES 

1. For operating at ·high temperatures, all devices must be derated based on a +125°C 
maximum junction temperature and a thermal resistance of 175°C/W which applies 
for the device soldered in a printed circuit board, operating in a still air ambient. 
LM124/224 and LM158/258 can be derated based on a +150·C maximum junction 
temperature. 

2. Short circuits from the output to V+ can cause excessive heating and eventual 
destruction. The maximum output qurrent is approximately 40mA independent of the 
magnitude of V+. At values of supply Yoltage in excess of +15Vdc continuous short­
circuits can exceed the power dissipation ratings and cause eventual destruction. 

3. The direction of the input current is out·of the Ie due to the PNP input stage. This 
current is essentially constant, independent of the state of the output, so no loading 
change exists on the input lines. 

300 

50 SjgOOliCS 

UNIT 

Vdc 
Vdc 
Vdc 

mW 
mW 
mW 

rnA 

°C 
°C 
°C 
°C 
°C 
°C 

LM124/A/224/ A/324/ A/SA534-F,N-14,T 
LM 158/ A/258/ A/358A-F ,N, T 



LM124/A/224/A/324/A/SA534-F,N-14,T 
LM 158/ A/258/ A/358A-F, N ,T 

DC ELECTRICAL CHARACTERISTICS (Cont'd) V+ = 5V, TA = 25°C unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Vas Offset voltage1 Rs"; 10kO 
Rs"; 10kO, over temp. 

Vas Drift Rs = 00, over temp. 

ISlAS Input current2 IIN(+) - IIN(-) 
IIN(+) - IIN{-), over temp. 

los Offset current IIN(+) - IIN{-) 
hN(+) - IIN{-), over temp. 

los Drift over temp. 

VeM Common mode voltage range3 V+ = 30V 
V+ = 30V, over temp. 

CMRR Common mode rejection ratio 

VOUT Output voltage swing RL - 2kO, V+ - +30V, over temp. 
VOH RL"; 10kO, over temp 
VOL RL::; 10kO, V+ = 5V, over temp. 

lec Supply current RL = "", Vee = 30V, over temp. 
RL = "", on all op amps, 

over temp. 

AVOL Large signal voltage gain V+ = +15V (for large Va swing), 
RL 2: 2kO 

V+ = +15V (for large Va swing), 
RL 2: 2kO, over temp. 

Amplifier-to-amplifier f = 1 kHz to 20kHz, 
coupling4 input referred 

PSRR Rs::; 10kO 

Output current 
Source VIN+ = +1Vdc, VIN- = OVdc, 

V+ = 15Vdc 
VIN+ = +1 Vdc, VIN- = OVdc, 

V+ = 15Vdc, over temp. 
Sink VIN- = +1 Vdc, VIN+ = OVdc, 

V+ = 15Vdc 
VIN- = +1Vdc, VIN+ = OVdc, 

V+ = 15Vdc, over temp. 
VIN- = +1Vdc, Va = 200mV 

Ise Short circuit current4 

Differential input voltage6 

NOTES 
1. Va == 1.4Vdc, Rs=On with V+from 5Vto3QV and overfull input common mode range 

IOVdc+ to v+ -1.SVI. 
2. The direction of the input current is out of the Ie due to the pnp input stage. This 

current is essentially constant, independent of the state of the output so no loading 
change exists on the input lines. 

3. The input common-mode voltage or either input signal voltage should not be allowed 
to go negative by more than O.3V. The upper end of the common-mode voltage range 
is V+ -1.5, but either or both inputs can go to +32V without damage. 

4. Short circuits from the output to V+ can cause excessive heating and eventual 
destruction. The maximum output current is approximately 40mA independent of the 
magnitude of V+. At values of supply voltage in excess of +15Vdc continous short­
circuits can 'exceed the power dissipation ratings and cause eventual destruction. 
Destructive dissipation can resuft from simultaneous shorts on all amplifiers. 

5. Due to proximity of external components, insure that coupling is not originating via 
stray capacitance between these external parts. This typically can be detected as this 
type of capacitive increases at higher frequencies. 

6. The input common-mode voltage or either input signal voltage should not be allowed 
to go negative by morethan O.3V. The upper end of the common-mode voltage range 
is V+ -1.SV, but either or both inputs can go to +32Vdc without damage. 

Smnotics 

LM124A 

Min Typ 

1 

7 

20 
40 

2 

10 

0 
0 
70 85 
26 
27 28 

5 

1.5 
0.7 

50 100 

25 

-120 

65 100 

20 40 

10 20 

10 20 

10 15 
12 50 

40 

LM224A 
UNIT 

Max Min Typ Max 

2 1 3 mV 
4 4 mV 
20 7 20 I.N/oC 

50 40 80 nA 
100 40 100 nA 

10 2 15 nA 
30 30 nA 
200 10 200 pArc 

V+-1.5 0 V+-1.5 V 
V+-2 0 V+-2 V 

70 85 dB 
26 V 
27 28 V 

20 5 20 V 

3 1.5 3 mA 
1.2 0.7 1.2 mA 

50 100 VlmV 

25 V/mV 

-120 dB 

65 100 dB 

20 40 mA 

10 20 mA 

10 20 mA 

5 8 mA 
12 50 p.A 

60 40 60 mA 

V+ V+ V 
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LM124/A/224/A/324/A/SA534-F,N-14,T 
LM1581 A/2581 A/358A-F ,N, T 

DC ELECTRICAL CHARACTERISTICS (Cont'd) v+ = 5V, TA = 25°C unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Vas Offset voltage1 Rs:5 10kn 
Rs:5 10kn, over temp. 

Vas Drift Rs ~ on, over temp. 

ISlAS Input current2 I,N(+) - hN(-) 
I,N(+) - I,N(-), over temp. 

los Offset current I,N(+) - I,N(-) 
I,N(+) - I'NH, over temp. 

los Drift over temp. 

VCM Common mode voltage range3 V+= 30V 
V+ = 30V, over temp. 

CMRR Common mode rejection ratio 

Your Output voltage swing RL - 2kn, V+ - +30V, over temp. 
VOH RL:5 10kn, over temp 
VOL RL:5 10kn, V+ = 5V,over temp. 

lee Supply current RL = ... , Vee = 30V, over temp. 
RL = ... , on all op amps, 

over temp. 

AVOL Large signal voltage gain V+ = +15V (for large Va swing), 
RL ~ 2kn 

V+ = +15V (for large Va swing), 
RL ~ 2kn, over temp. 

Amplifier-to-amplifier f = 1kHz to 20kHz, 
coupling4 input referred 

PSRR Rs:5 10kO 

Output current 
Source V,N+ = +1Vdc, V'N- = OVdc, 

\V+ = 15Vdc 
V,N+ = +1 Vdc, V'N- = OVdc, 

V+ = 15Vdc, over temp. 
Sink V'N- = +1Vdc, V,N+ = OVdc, 

V+ = 15Vdc 
V'N- = +1Vdc, V,N+ = OVdc, 

V+ = 15Vdc, over temp. 
V'N- = +1Vdc, Va = 200m V 

Ise Short circuit current4 

Differential input voltageS 

NOTES 
1. Va £!;l 1.4Vdc, Rs = on with V+ from 5V to 30V and over full input common mode range 

IOVdc+ to V+ -1.5VI. 
2. The direction of the input current is out of the Ie due to the pnp input stage. This 

current is essentially constant, independent of the state of the output so no loading 
change exists on the input lines. 

3. The input common-mode voltage or either input signal voltage should not be allowed 
to go negative by more than O.3V. The upper end of the common-mode voltage range 
is V+ -1.5, but either or both inputs can go to +32V without damage. 

4. Short Circuits from the output to V+ can caus~ excessive heating and eventual 
destruction. The maximum output current is approximately 40mA independent of the 
magnitude of V+. At values of supply voltage in excess of +15Vdc contino us short­
circuits can exceed the power dissipation ratings and cause eventual destruction. 
Destructive dissipation can result from simultaneous shorts on all amplifiers. 

5. Due to proximity of external components, insure that coupling is not originating via 
stray capacitance between these external parts. This typically can be detected as this 
type of capacitive increases at higher frequencies. 

6. The input common-mode voltage or either input signal voltage should not be allowed 
to go negative by more than Q.3V. The upper end of the common-mode voltage range 
is V+ -1.5V. but either or both inputs can go to +32Vdc without damage. 
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LM324A 

Min Typ 

2 

7 

45 
40 

5 

10 

0 
0 
65 85 
26 
27 28 

5 

1.5 
0.7 

25 100 

15 

-120 

65 100 

20 40 

10 20 

10 20 

5 8 

12 50 

40 

LM124/LM2241 
LM158/LM258 UNIT 

Max Min Typ Max 

3 ±2 ±5 mV 
5 ±7 mV 

30 7 IJ.V/oC 

100 45 150 nA 
200 40 300 nA 

30 ±3 ±30 nA 
75 ±100 nA 
300 10 pA/oC 

V+-1.5 0 V+-1.5 V 
V+-2 0 V+-2 V 

70 85 dS 
26 V 
27 28 V 

20 5 20 V 

3 1.5 3 mA 
1.2 0.7 1.2 mA 

50 100 V/mV 

25 V/mV 

-120 dB 

65 100 dB 

20 40 mA 

10 20 mA 

10 20 mA 

5 8 mA 

12 50 IJ.A 

60 40 60 mA 

V+ V+ V 



LM124/A/224/A/324/A/SA534-F,N-14,T 
LM158/A/258/A/358A-F,N,T 

DC ELECTRICAL CHARACTERISTICS (Cont'd) v+ = 5V, TA = 25°C unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Vos Offset voltage1 Rs:::; 10k!} 
Rs:::; 10k!}, over temp. 

Vos Drift Rs = O!}, over temp. 

IBIAS Input current2 IINH) - IIN(-) 
IIN(+) - IINH, over temp. 

los Offset current IINH) - IiNH 
IINH) - IIN(-); over temp. 

los Drift over temp. 

VeM Common mode voltage range3 V+ = 30V 
V+ = 30V, over temp. 

CMRR Common mode rejection ratio 
VOUT Output voltage swing RL - 2k!}, V+ - +30V, over temp. 
VOH RL:::; 10k!}, over temp 
VOL RL:::; 10k!}, V+ = 5V, over temp. 

lee Supply current RL = ." Vee = 30V, over temp. 
RL = ." on all op amps, 

over temp. 

AVOL Large signal voltage gain V+ = +15V (for large Vo swing), 
RL 2': 2k!} 

V+ = +15V (for large Vo swing), 
RL 2':2k!}, over temp. 

Amplifier-to-amplifier f = 1 kHz to 20kHz, 
coupling4 input referred 

PSRR Rs:::; 10k!} 

Output current 
Source VIN+ = +1Vdc, VIN- = OVdc, 

V+ = 15Vdc 
VIN+ = +1Vdc; VIN- = OVdc, 

V+ = 15Vdc, over temp. 
Sink VIN- = +1Vdc, VIN+ = OVdc, 

V+ = 15Vdc 
VIN- = +1Vdc, VIN+ = OVdc, 

V+ = 15Vdc, over temp. 
VIN- = +1Vdc, Vo = 200mV 

Ise Short circuit current4 

Differential input voltageil 

NOTES 
1. Vo;;,; 1.4Vdc, Rs::::; on with V+ from 5V to 30V and over full input common mode range 

IOVdc+ to v+ -1.SVI. 
2. The direction of the input current is out 01 the Ie due to the pnp input stage. This 

current is essentially constant, independent of the state of the output so no loading 
change exists on the input lines. 

3. The input common-mode voltage oreither input signal voltage should not be allowed 
to go negative by more than O.3V. The upper end of the common-mode voltage' range 
is V+ -1.5, but either or both inputs can go to +32V without damage. 

4. Short circuits from the output to V+ can cause excessive heating and eventual 
destruction. The maximum output current is approximately 40mA independent of the 
magnitude of V+. At values of supply voltage in excess of +15Vdc continous short­
circuits can exceed the power diSSipation ratings and cause eventual destruction. 
Destructive dissipation can result from simultaneous shorts on all amplifiers. 

5. Due to proximity of external components, insure that coupling is not originating via 
stray capacitance between these external parts. This typically can be detected as this 
type of capacitive increases at higher frequencies. 

6. The input common-mode voltage or either input signal voltage should not be allowed 
to go negative by more than O.3V. The upper end of the common-mode voltage range 
is V+ -1.5V, but either or both inputs can go to +32Vdc without damage. 

Si!lDotiCS 

LM324/LM358 

Min Typ Max 

±2 ±7 
±9 

7 

45 250 
40 500 

±5 ±50 
±150 

10 

0 V+-1.5 
0 V+-2 
65 70 
26 
27 28 

5 20 

1.5 3 
0.7 1.2 

25 100 

15 

-120 

65 100 

20 40 

10 20 

10 20 

5 8 

12 50 

40 60 

V+ 

SA534 
UNIT 

Min Typ Max 

±2 ±7 mV 
±9 mV 

7 /lV/oC 

45 250 nA 
40 500 nA 

±5 ±50 nA 
±150 nA 

10 pA/oC 

0 V+-1.5 V 
0 V+-2 V 
65 70 dB 
26 V 
27 28 V 

5 20 V 

1.5 3 rnA 
0.7 1.2 rnA 

25 100 V/mV 

15 VlmV 

-120 dB 

65 100 dB 

20 40 rnA 

10 20 rnA 

10 20 rnA 

5 8 rnA 

12 50 /lA 

40 60 rnA 

V+ V 
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LM124/ A/224/ A/324/ A/SA534-F ,N-14, T 
LM158/A/258/A/358A-F,N,T 

DC ELECTRICAL CHARACTERISTICS v+ = 5V, TA = 25°C unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Vos Offset voltage1 Rs:S: 10kO 
Rs :S:10kO, over temp. 

Vos Drift Rs = 00, over temp. 

ISlAS Input ·current2 hN(+) - IIN(-) 
• IIN(+) - IINH, over temp. ., 

los Offset current hN(+) - hN(-) 

los Drift 
IIN(+) - hNH, over temp. 

over temp. 

VeM Common mode voltage range3 V+ = 30V 
V+ = 30V, over temp. 

CMRR Common mode rejection ratio 
VOUT Output voltage swing RL - 2kO, V+ - +30V, over temp. 
VOH RL:S: 10kO, over temp 
VOL RL :s: 10kO, V+= 5V, .over temp. 

lee Supply current RL = "', Vee = 3OV, over temp. 
RL = "', on all op amps, 

over temp. 

AVOL Large signal voltage. gain V+ = +15V (for large Vo swing), 
RL ~ 2kO 

V+ =+15V (for large Voswjng), 
RL ~ 2kO, over temp. 

Amplifier-to-amplifier f = .1 kHz to 20kHz, 
coupling4 input referred 

PSRR Rs:S: 10kO 

Output current 
Source. VIN+ = +1Vdc, VIN- = OVdc, 

V+ = 15Vdc 
VIN+ = +lVdc, VIN- = OVdc, 

V+ = 15Vdc, over temp. 
Sink VIN- = +1Vdc, VIN+ = O\f.dc, 

V+ = 15Vdc , 

VIN" = +1Vdc, VIN+ = OVdc, 
V+ = 15Vdc, over temp. 

VIN~ = +1Vdc, Vo = 200mV 

Ise Short circuit current4 

Differential input voltages 

NOTES 
I. Vo" 1.4Vdc, Rs = on wilh V+ from SV to 30V and over full input common mode range 

10Vdc+ to V+ -I.SVI. 
2. The direction of the input current is out of the Ie due to the pnp input stage. This 

current is essentially constant, independent of the state of the output so no loading 
change exists on the input lines. 

3. The input common~mode voltage or either input signal voltage should not be allowed 
to go negative by more than O.3V. The upper end of the common~mode Yoltage range 
is V+ -1.5. but either or both inputs can go to +32V without damage. 

4. Short circuits from the output to V+ can cause excessive heating and eventual 
destruction. The maximum output current is approximately 40mA independent of the 
magnitude of V+. At values of supply voltage in excess of +15Vdc continous short~ 
circuits can exceed the power dissipation ratings and cause eventual destruction. 
Destructive dissipation can result from simultaneous shorts on all amplifiers. 

5. Due to proximity of external components, insure that coupling Is not originating via 
stray capacitance between these external parts. This typically can be detected as this 
type of capacitive increases at higher frequencies. 

6. The input common~mode voltage or either input signal voltage should not be allowed 
to go negative by more than O.3V. The upper end of the common-mode voltage range 
is v+ -1.5V. but either or both inputs can go to +32Vdc without damage. 
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LM158A 

Min Typ 

1 

7 

20 
40 

2 

10 

0 
0 
70 85 
26 
27 28 

5 

1.5 
0.7 

50 100 

25 

-120 

65 100 

20 40 

10 20 

10 20 

5 8 

12 50 

40 

LM258A 
UNIT 

Max Min Typ Max 

2 1 3 mV 
4 4 mV 
15 7 15 "VloC 

50 40 80 nA 
100 40 100 nA 

10 2 15 nA 
30 30 nA 
200 10 200 pA/oC 

V+-l.5 0 V+-l.5 V 
V+-2 0 V+-2 V 

70 85 dB 
26 V 
27 28 V 

20 5 20 V 

3 1.5 3 mA 
1.2 0.7 1.2 mA 

50 100 VlmV 

25 V/mV 

.-120 dB 

65 100 d.B 

20 40 mA 

10 20 mA 

10 20 mA 

5 8 mA 

12 50 "A 
60 40 60 mA 

V+ V+ V 



LM 124/ Al224/ A/3241 AlSA534-F ,N-14,T 
LM158/A/258/A/358A-F,N,T 

DC ELECTRICAL CHARACTERISTICS (Cont'd) V+ = 5V, TA = 25°C unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Vos Offset vo Itage 1 Rs :510kn 
Rs ~ 10kn, over temp. 

Vos Drift Rs = on, over temp. 

IBIAS Input current2 IIN(+) - IIN(-) 
IIN(+) - IINH, over temp. 

los Offset current IIN(+) - IIN(-) 
ilN(+) - hNH, over temp. 

los Drift over temp. 

VeM Common mode voltage range3 V+ = 30V 
V+ = 30V, over temp. 

CMRR Common mode rejection ratio 
VOUT Output voltage swing RL = 2kn, V+ - +30V, over temp. 
VOH RL:5 10kn, over temp 
VOL RL ~ 10kn, V+ = 5V, over temp. 

lee Supply current RL = "', Vee = 30V, over temp. 
RL = "', on all op amps, 

over temp. 

AVOL Large signal voltage gain V+ = +15V (for large Vo swing), 
RL:2: 2kn 

V+ = +15V (for large Vo swing), 
RL > 2kn, over temp. 

Amplifier-to-amplifier f = 1 kHz to 20kHz, 
coupling4 input referred 

PSRR Rs ~ 10kn 

Output current 
Source VIN+ = +1Vdc, VIN- = OVdc, 

V+ = 15Vdc 
VIN+ = +1Vdc, VIN- = OVdc, 

V+ = 15Vdc, over temp. 
Sink VIN- = +1Vdc, VIN+ = OVdc, 

V+ = 15Vdc 
VIN- = +1Vdc, VIN+ = OVdc, 

V+ = 15Vdc, over temp. 
VIN- = +1Vdc, Vo = 200mV 

Isc Short circuit current4 

Differential input voltage6 

NOTES 
1. Vo;a 1.4Vdc, Rs=onwith V+from 5Vto 30V and overfull input common mode range 

IOVdc+ to v+ -1.SVI. 
2. The direction of the input current is out of the Ie due to the pnp input stage. This 

current is essentially constant, independent of the state of the output so no loading 
change exists on the input lines. 

3. The input common-mode voltag~ or either input signal voltage should not be allowed 
to go negative by more than O.3V. The upper end of the common-mode voltage range 
is V+ -1.5, but either or both inputs can go to +32V without damage. 

4. Short circuits from the output to V+ can cause excessive heating and eventual 
destruction. The maximum output current is approximately 40mA independent of the 
magnitude of V+. At values of supply voltage in excess of +15Vdc continous short­
circuits can exceed the power dissipation ratings and cause eventual destruction. 
Destructive dissipation can result from simultaneous shorts on all amplifiers. 

5. Due to proximity of external components, insure that coupling is not originating via 
stray capacitance between these external parts. This typically can be detected as this 
type of capacitive increases at higher frequencies. 

6. The input common-mode voltage or either input signal voltage should not be allowed 
to go negative by more than a.3V .. The upper end of the common-mode voltage range 
is V+ -1.SV, but either or both inputs can go to +32Vdc without damage. 

91!)DOtiC9 

LM358A 
UNIT 

Min Typ Max 

2 3 mV 
5 mV 

7 20 p.V/oC 

45 100 nA 
40 200 nA 

5 30 nA 
75 nA 

10 300 pA/oC 

0 V+-1.5 V 
0 V+-2 V 
65 85 dB 
26 V 
27 28 V 

5 20 V 

1.5 3 mA 
0.7 1.2 mA 

25 100 V/mV 

15 V/mV 

-120 dB 

65 100 dB 

20 40 mA 

10 20 mA 

10 20 mA 

5 8 mA 

12 50 p.A 

40 60 mA 

V+ V 
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LM124/A/224/A/324/A/SA534-F,N-14,T 
LM158/A/258/N358A-F,N,T 

TYPICAL PERFORMANCE CHARACTERISTICS 
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MC1456/1556-F,N,T 

DESCRIPTION 
The MC1456/1556 is an internally compen­
sated precision monolithic operational am­
plifier featuring extremely low offset and 
bias currents and offset null capability. The 
MC1456/1556 is short circuit protected and 
its high common mode and differential in­
put voltage range provides exceptional per­
formance when used as an integrator, sum­
ming amplifier, and voltage follower. 

OFFSET ADJUST CIRCUIT 

Y+ 

v-

EQUIVALENT SCHEMATIC 

PIN CONFIGURATIONS 

T PACKAGE 

@" 0~~SH NUL~ 0 0 \,I' 

IN""~~~~~?, • "OUT 'O"<V'''''G~0 (00FFSE1NULL 
,""PUT • 

ORDER PART NO. 
MCl456T 
MC1556T 

FEATURES 
• Low input bias current-15nA maximum 

• Low input offset current-2.0nA maxi­
mum 

• Low input offset voltage-4.0mV maxi-
mum 

• High slew rate-2.5V/ I'S typical 
• Large power bandwidth-40kHz typical 
• Low power consumption-45mW maxi-

mum 
• Offset voltage null capability 
• Output short circuit protection 
• Input over-voltage protection' 
• Mil std 883A,B,C, available 

N PACKAGE 

INV~~~~~~ , , v' 
o,,"'"u'" {8' " 

NON INVERTING ~, • V 
INPUT OUT 

INVERTING 
INPut 

NONINVERTING 
INPUT 

V • " U~ f-~,f t NU I I 

ORDER PART NO. 
MCl456N 
MC1556N 

F PACKAGE 

ORDER PART NO. 
MC1456F 
MC1556F 

NC 

NC 

NC 

Your 

r---------~~----------------------~------~~----------~--~y+ 

lK lK 
4K 

340 

500 500 

YOUT 
56K 

7.7K lK 39K 1K 7.7K 39K 50 

~~-4~------~--4--+~~----~--~----+---------~--~---4~~Y-
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MC1456/1556-F,N,T 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Power supply. voltage MC1556 ±22 V 
MC1456 ±18 V 

Differential input voltage ± Vee V 
Common mode input voltage ± Vee V 
Load current 20 mA 
Output short circuit duration Continuous 
Power dissipation 680 mW 

Derate above TA = 25°C 4.6 mW/oC 
Operating temperature range 

MC1556 -55 to +125 °C 
MC1456 o to +70 °C 

Storage temperature range -65 to +150 °C 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ± 15V unless otherwise specified 

MC1556 MC1456 
UNIT PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 

Vos Offset voltage 2.0 4.0 5.0 10.0 mVdc 
Over temperature 6.0 14.0 mVdc 

los Offset current 1.0 2.0 5.0 10.0 nA 
O°C :5 TA:5 70°C 14 nA 

25°C:5 TA :5125°C 3.0 nA 
-55°C < TA < 25°C 5.0 nA 

ISlAS Input current 8.0 15 15.0 30.0 nA 
Over temperature 30 40 nA 

VeM Common mode voltage range ±12 ±13 ±11 ±12 V 
CMRR Common mode rejection Rs:510kn, TA = 25°C, f = 100Hz 80 110 70 110 dB 

ratio 
ZIN Common mode input f = 20Hz 

impedance 
250 250 Mn 

VOUT Output voltage swing RL = 2kn ±12 ±13 ±11 ±12 V 
Icc Supply current 1.0 1.5 1.3 3.0 mA 

Po DC quiescent power 30 45 40 90 mW 
dissipation (Vo = Q) 

PSAA Supply voltage rejection Rs:5 10kn 50 100 75 200 ILVN 
ratio 

Large signal voltage gain RL:5 2kn, VOUT = ±10V, TA = 25°C 100 200 70 100 V/mV 
Over temperature 40 40 V/mV 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ± 15V unless otherwise specified. 

PARAMETER TEST CONDITIONS MC1556 MC1456 
UNIT 

Min Typ Max Min Typ Max 
Differential input impedance 

cp Parallel input capacitance Open loop f = 20Hz 6.0 6.0 pF 
rp Parallel input resistance 5 3 Mn 
en Equivalent input noise Av = 100, Rs = 10kn, f = 1.0kHz, 

nV/$z voltage BW = 1.0Hz 45 45 

BWp Power bandwidth Av = 1, RL = 2kn, THO:5 5% 
VOUT = ±10V 40 40 kHz 

Phase margin (open loop, 70 70 degrees 
unity gain) 

Gain margin 18 18 dB 
SA Slew rate (unity gain) 2.5 2.5 V/ILsec 

ZOUT Output impedance f = 20Hz 1.0 2.0 1.0 2.5 kn 
BW Unity gain crossover 1.0 1.0 MHz 

frequency (open loop) 
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TYPICAL PERFORMANCE CHARACTERISTICS 

POWER DISSIPATION vs 
POWER SUPPLY VOLTAGE 
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DESCRIPTION 
The !LA741 is a high performance operation­
al amplifier with high open loop gain,inter­
nal compensation, high common mode 
range and exceptional temperature stabili­
ty. The.!LA741 is short-circuit protected and 
allows .for nulling of offset voltage. 

The MC1558/MC1458/SA1458 consist of a 
pair of 741 operational amplifiers on a Single 
chip. 

FEATURES 
• Internal frequency compensation 
• Short circuit protection 
• Excellent temperature stability 
• High input voltage range 
• No latch-up 
• 1558/1458 are 2 "op amps" in space of 

one 741 package 
• MC1558 Mil std 883A,B,C available 
• !LA741 Mil std 883A,B,C available 

60 

PIN CONFIGURATIONS 

F,N-14 PACKAGE 

ORDER PART NO. 

~A741F 

~A741N-14 

~A741CF 
~A741CN-14 

SA741CF 
SA741CN-14 

TPACKAGE 

ORDER PART NO. 

~741T 

~A741CT 

SA741CT 

N PACKAGE 

O""T NU"f8' NC INV INPUT 2 1 v' 

NON·INV. INPUT 3 + 6 OUTPUT 

V· 4 5 OFFSET NULL 

ORDER PART NO. 

~A741N 

~A741CN 
SA741CN 

9i!1DOliC9 

!LA741 n41 C/SA741 C, 
MC1458/1558/SA1458-F,N,T 

F,N-14 PACKAGE 

INVERTING 
INPUt A 

NON-INVERTING 
INPUT A 

INVERTING 
INPUT A 

NON-INVERTING 
INPUT A 

ORDER PART NO. 

MC1458F 
MC1558F 
SA1458F 
MC1458N-14 
MC1558N-14 
SA1458N-14 

TPACKAGE 

v-

ORDER PART NO. 

MC1458T 
MC1558T 
SA1458T 

N PACKAGE 

ORDER PART NO. 

MCl458N 
MC1558N 
SA1458N 

INVERTING 
INPUTS 

INVERTING 
INPUT B 

NON-INVERTING 
INPUT B 



EQUIVALENT SCHEMATIC 

IlA741,A741C,SA741C 
ONE AMPLIFIER OF MC1558, MC1458, SA1458 

~-------'----~----~-------------r~7V+ 

NON·INVERTING 
INPUT 

OFFSET NULL , 

.---.--t:" 0'4 

Rg 
25U 

RlO 
son 

4 

OUTPUT 

L-__ ~~ ____ ~ ____ ~ __ ~ __ ~~~ ______ ~v· 

ABSOLUTE MAXIMUM. RATINGS 

PARAMETER RATING 

Supply voltage 
SA741C, IlA741C, ±18 
MC1458, SA 1458 
IlA741, MC1558 ±22 

Internal power dissipation, N-14 600 
N package 500 
T package1 800 
F package 1000 

Differential input voltage ±30 
Input voltage2 ±15 
Output short-circuit duration Continuous 
Operating temperature range 

IlA741C, MC1458 o to +70 
SA741C, SA1458 -40 to +85 
IlA741 , MC1558 -55to+125 

Storage tem perature range -65to+150 
Lead temperature (soldering 60sec) 300 

1. Ratings based on thermal resistances. junction to ambient, of 208°C/W, 240°C/W, 
150°CIW, 110°C/W for N-14, N, T and F packages respectively, and a maximum 
junction temperature of 150°C. 

2. Forsupplyvoltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

Si!lDotiCS 

UNIT 

V 

V 
mW 
mW 
mW 
mW 

V 
V 

°C 
°C 
°C 
°C 
°C 

~ !i 

IlA741 1741 C/SA741C, 
MC1458/1558/SA 1458-F,N,T 

Ci1 



DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ±15V, unless otherwise specified. 

,uA741 
PARAMETER TEST CONDITIONS 

Min Typ Max 

Vas Offset voltage Rs = 10kn 1.0 5.0 
Rs = 10kn, over temp. 1.0 6.0 

los Offset current 20 200 
Over temp. 

TA = +125°C 7.0 200 
TA = -55°C 20 500 

IBIAS Input bias current 80 500 
Over temp. 

TA = +125°C 30 500 
TA = -55°C 300 1500 

VOUT Output voltage swing RL = 10kn ±12 ±14 
RL = 2kn, over temp. ±10 ±13 

AVOL Large signal voltage gain RL - 2kn, Va - ±10V 50 200 
RL =2k!}, Va =±10V, over temp. 25 

Offset voltage adjustment ±30 
range 

PSRR Supply voltage rejection ratio Rs::; 10k!} 
Rs::; 10k!}, over temp. 10 150 

CMRR Common mode rejection ratio 
Over temp. 70 90 

Icc Supply current 1.4 2.8 
TA = +125°C 1.5 2.5 
TA = -55°C 2.0 3.3 

VIN Input voltage range (,uA741, over temp.> ±12 ±13 
RIN Input resistance 0.3 2.0 

Pd Power consumption 50 85 
TA = +125°C 45 75 
TA = -55°C 45 100 

ROUT Output resistance 75 
Isc Output short-circuit current 25 

62 SmDDliGS 

,uA741n41 C/SA741 C, 
MC1458/1558/SA1458-F,N,T 

,uA741C 
UNIT 

Min Typ Max 

2.0 6.0 mV 
7.5 mV 

20 200 nA 
300 nA 

nA 
nA 

80 500 nA 
800 nA 

nA 
nA 

±12 ±14 V 
±10 ±13 V 

20 200 VlmV 
15 V/mV 

±30 mV 

10 150 p.VN 
p.VN 

dB 
dB 

1.4 2.8 mA 
mA 
mA 

±12 ±13 V 
0.3 2.0 Mn 

50 85 mW 
mW 
mW 

75 !} 

25 mA 



I'A741 1741 C/SA741 C, 
MC145S/1~5S/SA145S-F,N,T 

DC ELECTRICAL CHARACTERISTICS (Cont'd) TA = 25°C, Vs = ±15V, unless otherwise specified. 

SA741C MC1558 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Vos Offset voltage Rs = 10kO 2.0 6.0 1.0 5.0 mV 
Rs = 10kO, over temp. 7.5 6.0 mV 

los Offset cu rrent 20 200 20 200 nA 
Over temp. 500 500 nA 

IBIAS Input bias current SO 500 SO 500 nA 
Over temp. 1500 1500 nA 

VOUT Output voltage swing RL = 10kO ±12 ±14 ±12 ±14 V 
RL = 2kO, over temp. ±10 ±13 ±10 ±13 V 

AVOL Large signal voltage gain RL = 2kO, Vo = ±10V 20 200 50 100 VlmV 
RL = 2kO, Vo = ±1 OV, over temp. 15 25 VlmV 

Offset voltage adjustment ±30 ±30 mV 
range 

PSRR Supply voltage rejection ratio Rs 510kO 10 150 30 150 I'V/v 
CMRR Common mode rejection ratio 70 90 dB 
Icc Supply cu rrent 1.4 2.S 2.3 5.6 mA 

VIN Input voltage range (I'A741, over temp.> ±12 ±13 ±12 ±13 V 
RIN Input resistance 0.3 2.0 MO 

Pd Power consumption 50 S5 70 150 mW 
Channel separation 120 dB 

ROUT Output resistance 75 0 
Isc Output short-circuit current 25 25 mA 

DC ELECTRICAL CHARACTERISTICS (Cont'd) TA = 25°C, Vs = ±15V, unless otherwise specified. 

MC1458 SA1458 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Vos Offset voltage Rs = 10kO 2.0 6.0 2.0 6.0 mV 
Rs = 10kO, over temp. 7.5 7.5 mV 

los Offset current 20 200 20 200 nA 
Over temp. 300 500 nA 

IBIAS Input bias current SO 500 SO 500 nA 
Over temp. SOO 1500 nA 

VOUT Output voltage swing RL = 10kO ±12 ±14 ±12 ±14 V 
RL = 2kO, over temp. ±10 ±13 ±10 ±13 V 

AVOL Large signal voltage gain RL = 2kO, Vo = ±10V 25 200 25 200 VlmV 
RL = 2kO, Vo = ±10V, over temp. 15 15 VlmV 

Offset voltage adjustment ±30 ±30 mV 
range 

PSRR Supply voltage rejection ratio Rs:s; 10kO 30 170 30 150 I'V/v 

CMRR Common mode rejection ratio 70 90 70 90 dB 

Icc Supply current 2.3 5.0 2.3 5.6 mA 

VIN Input voltage range (I'A741, over temp.> ±12 ±13 ±12 ±13 V 
RIN Input resistance MO 

Pd Power consumption 70 170 70 170 mW 

Channel separation 120 120 dB 
Isc Output short-circuit current 25 25 mA 
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i i 
/LA741 1741 C/SA741C, 

MC1458/1558/SA1458-F,N.T 

AC ELECTRICAL CHARACTERISTICS TA = 25"C, Vs = ±15V, unless otherwise specified. 

!LA741, /LA741C, MC1558, MC1458, 
PARAMETER TEST CONDITIONS 

Min 

Parallel input resistance Open loop, f = 20Hz 
Parallel input capacitance Open loop, f = 20Hz 

Common mode input impedance f = 20Hz 
Equivalent input noise voltage Av= 100, Rs = 10kO, Bw = 1.0kHz 

f = 1.0kHz 

Power bandwidth Av = 1, RL = 2.0kO, THO :5 5% 
Your = 20Vp-p 

Phase margin 
Gain margin 

Unity gain crossover frequency Open loop 

Transient response unity gain VIN = 20mV, RL = 2kO, CL:5 100pf 
Rise time 
Overshoot 
Slew rate C:5 100pf, RL;::: 2k, VIN = ±10V 

TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

'" 
120 

~ 100 

" 
~ 80 a 
~ 60 
o 
" ~ 4 0 

20 

INPUT OFFSET CURRENT 
AS A FUNCTION OF 

AMBIENT TEMPERATURE 

Vs .1",vl 

--, 
-so -20 20 so 100 

TEMPERATURE "c 

140 

OUTPUT SHORT-CIRCUIT CURRENT 
AS A FUNCTION OF 

AMBIENT TEMPERATURE 

35 

" 30 

"-
25 

f'.. 
r-.... 

"-20 

I'-. 
~ 

15 

10 
-60 -20 20 60 10' 14' 

100 

0 

1 

o. 1 

TEMPERATURE C 

BROADBAND NOISE FOR 
VARIOUS BANDWIDTHS 

VS"'±15V 
TA"'2S'C 

.,/ 
to-100kHz 

~ 101kHz 

----10 lkHl 

100 1K 10K tOOK 

SOURCE RESISTANCE-H 

POWER CONSUMPTION 
AS A FUNCTION OF 

AMBIENT TEMPERATURE 

01---

0 

0 

0 

0 

-so -20 .0 100 

TEMPERATURE ~c 

INPUT NOISE VOLTAGE 
AS A FUNCTION OF 

FREQUENCY 

140 

10- 13 ,----,---,---,-----, 

VS"'±15V 
TA"'25"C 

10- 14f------f----f---+----I 

10- 161---+---+---+----1 

10- 17t----+---+---+-----1 

10- 1SL-__ c',-__ ",-_---,-'c-_ __=! 
10 100 lK 10K lOOK 

FREQUENCV - Hz 

OPEN LOOP VOLTAGE GAIN 
AS A FUNCTION OF 

FREQUENCY 

10' 
Vs"tlSV 

~ TA=25 C 

~ 
3 " ~ 

~ 

,," 
104 

10 

,02 

" ~ 10 100 lK 10K lOOK 1M 10M 

FR EQUENCY -Hz 

StgDotiCS 

I'A7411741 C/SA741C, 
MC1458/1558/SA1458-F,N,T 

OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
LOAD RESISTANCE 

28 
~ Vs=±:15V I-26 

TA = 25"C V 
24 

V 
221---- -- -- r- f--

:::~~ -- f-_-_t_-jH+ 

16r-------- .--. ~ .. -

14 I 
12 / 

lOt---fj--t--H--t---t-t--H---l 
8 / 

0.1 0.2 0.5 10 2.0 5.0 10 

10-20 

LOAD RESISTANCE - kS! 

INPUT NOISE CURRENT 
AS A FUNCTION OF 

FREQUENCY 

VS=:!:15V 
TA='25 C 

3~ 
10-2 4 

'"", 
f""--..... 

10-2 5 

10-2 • lO 100 1K 10K tOOK 

FREQUENCV - Hz 

OPEN LOOP PHASE RESPONSE 
AS A FUNCTION OF 

FREQUENCY 

r\ 
VS=t15V 
TA"'25'C 

-4. 

~ 
i' 

-90 

-135 

-180 
1 10 100 lK 10K tOOK 1M 10M 

FREQUENCY-Hz 

65 



TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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DESCRIPTION 
The 515 is a general purpose high-gain 
amplifier with differential input and output. 
It is fabricated within a monolithic silicon 
substrate by planar and epitaxial tech­
niques. A pair of compensation pOints is 
provided to allow frequency compensation 
for stable closed loop operation. 

This device is not internally referenced to 
ground and with proper input bias may be 
operated from a single power supply. 

NE/SE515-F.K.N 

FEATURES 
• Differential voltage gain (open loop) = 

4,500 
• Input offset voltage = O.SmV 
• Input offset voltage stability = S.Op.V/oC 
• Input common mode range = 1.5V, -1.0V 
• Common mode rejection ratio = 100dB 
• Bandwidth (open loop) = 1.0MHz 
• Mil std 883A,B,C available 

EQUIVALENT SCHEMATIC 

NOTE 

All resistors values are typical and in ohms. 
Component values are typical. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Voltage 
Applied (V+ to V-) 
Differential input (Vs to V7) 

Current 
Input (15. 17) 

Output (12. 110) 

Temperature range 
Operating 
Storage 
Junction 

PIN CONFIGURATION 

F,N PACKAGE 

ORDER PART NO. 
NE515N/NE515F/SE515F 

K PACKAGE 
OUTPUT B 

INPUT A 

ORDER PART NO. 
SE515K/NE515K 

RATING 

12 
±5.0 

±2.0 
±30 

o to +75 
-65 to +150 

150 

Maximum ratings are limiting values above which serviceability may be impaired. 
Pin numbers refer to K package. 

lijgootleli 

UNIT 

V 
V 

mA 
mA 
·C 
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NElSE515-F,K,N 

DC ELECTRJCAL CHARACTERISTICS T A = 25° C, V7 = OV, V1 "'. 3;OV unless otherwise specified. 1 ,2.3,4,S.6.7,8,9, 10, 1.1 

PARAMETER TEST CONDITIONS 
SE515 (V 6 = +4Vr SE515 (V 6 = +6V) 

UNITS 
Min ... Typ Max Min -Typ Max 

Open loop· voltage gain2 2500 3500 4500 vN 
TA = high tEimp. 1800 3000 V/V 

Input offset voltage1 TA = low temp. . .5 0.5 3.0 mV. 
.5 0.5 2.0 mV 

TA = high temp. .5 0.5 3.0 mV 

Input bias current1 TA = low temp .. 18 25 40 p.A 
@+25°C 12 i6 24 p.A 

Differential input· resis\ance10 T A = low temp. 2 1,0 1,5 kn 
4 2.0 3,2 kn 

Input common mode ·range ;!:1.0 +1:8 -1. V 

Balanced output. DC level T A = low temp. -0.1 +1.2 V 
@+25°C +0,3 +1.6 1,8 V 

TA = high temp. +,6 +1.9 V 

Output voltage swing3 Over temp. 4.7 5.7 6.3 V 

High output level Vs = 10mV, TA -low temp. +2.3 +4.0 +4.3 V 
V5 = 10mV +2.6 +4.3 +4.6 V 

Vs = 10mV, TA = high temp. +3.0 +4.7 +5.0 V 

Low output level V5 -10mV, TA - low temp. -2.4 -1,7 -2.0 V 
V5 = 10mV -2.1 -1.4 -1.7 V 

V5 = 10mV, TA = high temp. -1.7 -1.0 -1.3 V 

Output resistance1 100 100 n 
Common mode rejection ratio 100 100 dB 

Power supply current1 T A = low temp. 7.0 mA 
3.5 5.5 7.0 mA 

TA = high temp. 7.0 mA 
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NE/SE515-F,K,N 

DC ELECTRICAL CHARACTERISTICS (Cont'd) TA = 25°C, V7 = OV, V1 == 3.0V unless otherwise 
specified.1,2,3,4,S,6,7,8,9,10,ll 

PARAMETER TEST CONDITIONS 
NE515 (VS = +4V) NE515 (V S = +SV) 

Min Typ Max Min Typ Max 

Open loop voltage gain2 1800 2500 3200 
TA = high temp. 1350 2200 

Input offset voltage1 TA = low temp. 0.5 0.5 4.0 
0.5 0.5 3.0 

TA = high temp. 0.5 0.5 4.0 

Input bias current1 TA = low temp. 18 25 40 
@+25°C 15 20 31 

Differential input resistance10 TA = low temp. 3.2 1,4 2.3 
3.5 1.7 2.6 

Input common mode range ±1.0 +1.5 
-1.0 

Balanced output DC level T A = low temp. -0.1 +1.2 
@+25°C +0.3 +1.6 +1.8 

TA = high temp. +0.6 +1.9 

Output voltage swing3 Over temp. 4.5 5.3 6.1 

High output level Vs - 10mV, TA -low temp. +2.3 +3.9 +4.3 
Vs = 10mV +2.5 +4.1 +4.5 

Vs = 10mV, TA = high temp. +2.8 +4.3 +4.8 

Low output level Vs = 10mV, TA = low temp. -2.2 -1.4 -1.8 
Vs = 10mV -2.0 -1.2 -1.6 

Vs = 10mV, TA = high temp. -1.7 -1.0 -1.3 

Output resistance1 100 100 
Common mode rejection ratio 100 100 

Power supply current1 TA = low temp. 7.0 
3.5 5.5 7.0 

TA = high temp. 7.0 

UNIT 

VIV 
VIV 

mV 
mV 
mV 

p.A 
p.A 

kn 
kn 

V 

V 
V 
V 

V 

V 
V 
V 

V 
V 
V 

n 
dB 

mA 
mA 
mA 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, V7 = OV, V1 = 3.0V unless otherwise specified.1,2,3,4,S,6,7,8,9,10,11 

PARAMETER TEST CONDITIONS 
SE515 (V S = +4V) SE515 (V S = +SV) 

Min Typ Max Min Typ Max 

Open loop voltage gain f = 800kHz 2000 2500 3500 

AC ELECTRICAL CHARACTERISTICS (Cont'd) TA = 25°C, V7 = OV, V1 = 3.0V unless otherwise 
specified.1 ,2,3,4,S.6,7,8,9,10, 11 

PARAMETER TEST CONDITIONS 
NE515 (V S = +4V) NE515 (V S = +SV) 

Min Typ Max Min Typ Max 

Open loop voltage gain f = 800kHz 1500 1700 2500 

UNIT 

p.VIV 

UNIT 

p.VIV 

NOTES 

1. Adjust V5 to obtain V2 = VlO. 
7. Acceptance Test Sub·Group references apply to minimum and maximum limits only. 
B. The SE515k has Pins 1, 3 and 9 connected to the case. 

2. Output voltage swing = 1.3V peak to peak. 
3. Output voltage swing is guaranteed by output voltage limit tests. 
4. Voltage and current subscripts refer to pin numbers for K Package. 
S. All measurements are referenced to power supply common. Positive current flow is 

defined as into the terminal indicated. 
6. AU specifications herein apply for interchange of voltages and currents at PinsS and 7. 

9. See Signetics SURE Program Bulletin No. 5001 for definition of Acceptance Test Sub­
Group. Sub-Group A-7 is used for electrical end points for Linear Products. 

10. Differential Input Resistance is computed from input bias current. 
11. Operating temperature range: 

SE515 -5S·C TA 12S·C 
NE515 O·C TA 7S·C 
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DESCRIPTION 
The 531 is a fast slewing high performance 
operational amplifier which retains dc 
performance equal to the best general pur­
pose types while providing far superior 
large signal ac performance. A unique 
input stage design allows the amplifier to 
have a large signal response nearly identical 
to its small signal response. The amplifier is 
compensated for truly negligible overshoot 
with a single capacitor. In applications 
where fast settling and superior large signal 
bandwidths are required, the amplifier out 
performs conventional designs which have 
much better small signal response. Also, 
because the small signal response is not 
extended, no special precautions need be 
taken with circuit board layout to achieve 
stability. The high gain, simple compensa­
tion and excellent stability of this amplifier 
allow its use 'in a wide variety of instrument­
ation applications. 

EQUIVALENT SCHEMATIC 

iNPUT 

OFFSET 1 

ADJUST 0------1 

A, 1'·5 AS ,·8 

FEATURES 
• 35V1 p.Sec slew rate at unity gain 
• Pin for pin replacement for !lA709, !lA748 

or LM101 
.' Compensated with a single capacitor 
• Same low drift offset null circuitry as 

/lA741 
• Small signal bandwidth 1MHz 
• Large signal bandwidth 500KHz 
• True op amp dc characteristics make the 

531 the ideal answer to all slew rate lim­
Ited operational amplifier applications. 

". 1.8 "" 1.5 

INPUT 

"27 
6.5 

"1. 
6.8 

NE/SE531-N,T 

PIN CONFIGURATIONS 

T PACKAGE 
(Top View) 

@"':OM'. 

OFFSET No.JLL 0) (] v· 

INVERT1NG INPUT 2 + e OUTPUT 

'0' ''''"'''0 ,,,u,~ 0",," ,uec 

ORDER PART NO. 
SE531T/NE531T 

N PACKAGE' 

o,,,,,"uecEj. . mo OOM'. 
\NVE~~~~~ 2' , v' 

NON INVE7Z~~~ I + I OUTPUT 

v- • 5 OFFS~T NUI-L 

ORDER PART NO. 
NE531N 

vo------~~~~ __ ~ ______ ~~ __ _+_+~----~_+~~~--~--~--------------~ 
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ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Supply voltage ±22 
Internal power dissipation1 300 
Differential input voltage ±15 
Common mode input voltage2 ±15 
Voltage between offset null 

and V- ±0.5 
Operating temperature range 

NE531 o to +70 
SE531 -55 to +125 

Storage temperature range -65 to +150 
Lead temperature 

(soldering, 60 sec) 300 
Output short circuit duration3 indefinite 

NOTES 
1. Rating applies for C8setemperature to 1250 C, derate linearly at 6.SmW/oC for ambient 

temperatures above +75°C. 
2, For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 

supply voltage. 
3. Short circuit may be to ground or either supply. Rating applies to +125D C case 

temperature or to +75°C ambient temperature. 

UNIT 

V 
mW 

V 
V 

V 

°C 
°C 
°C 

°C 

DC ELECTRICAL CHARACTERISTICS VS = ±15V unless otherwise specified. 

PARAMETER 

Vos Offset voltage 

los Offset current 

ISlAS Input current 

VCM Common mode voltage range 
CMRR Common mode rejection ratio 

RIN Input resistance 
VOUT Output voltage swing 

Icc Supply current 

Po Power consumption 

PSRR Power supply rejection ratio 

ROUT Output resistance 
AVOL Large signal voltage gain 

NOTE 
1. Temperature range: 

SES31 -SS·C:5 TA :512S·C 
NES31 O·C:5 TA:5 70·C 

TEST CONDITIONS 
SE5,31 

Min Typ 

Rs::; 10kll, TA = 25°C 2.0 
Rs < 10kll, over temp 

TA = 25°C 30 
TA = HIGH 
TA= LOW 

TA = 25°C 300 
TA = HIGH 
TA = LOW 

TA=25°C ±10 
TA = 25°C, Rs::; 10kll 
Over temp Rs ::; 10kll 70 90 

TA = 25°C 20 
RL > 2kll, over temp +10 +13 

TA = 25°C 
TMAX 

TA = 25°C 

Rs::; 10kll, TA = 25°C 
Rs::; 10kll, over temp 10 

TA = 25°C 75 
TA-25°C,RL~2kll, VOUT-±10V 50 100 
RL~ 2kll, VouT=±10V, over temp. 25 

ssgnUliCS 

NE/SE531-N,T 

NE531 
UNIT 

Max Min Typ Max 

5.0 2.0 6.0 mV 
6.0 7.5 mV 

200 50 200 nA 
200 200 nA 
500 300 nA 

500 400 1500 nA 
500 1500 nA 
1500 2000 nA 

±10 V 
70 100 dB 

dB 

20 Mll 
+10 +13 V 

7.0 10 mA 
5.5 10 mA 
210 300 mW 

10 150 p.VN 
150 p.VN 

75 II 
20 60 V/mV 
15 V/mV 
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NE/SE531-N,T 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ±15V unless otherwise specified. 

NE531 $E531 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Full power bandwidth 500 500 kHz 
Settling time (1%) Av = +1, VIN = ±10V 1.5 1.5 p.S 

(.D1%) 2.5 2.5 p.s 

Large signal overshoot A.v = +1, VIN = ±10V 2 2 % 
Small signal overshoot Av = +1, VIN = 400mV 5 5 % 

Small signal risetime Av = +1, VIN = 400mV 300 300 ns 

Slew rate Av '" 100 35 35 V/p.s 
Av = 10 35 35 V/p.s 

Av = 1 (non i nverti ng) 30 20 30 V/p.s 
Av = 1 (inverting) 35 25 35 V/p.s 

NOTE 

1. All AC testing is performed in the transient response test circuit. 

TEST LOAD CIRCUITS 

OFFSET NULL CIRCUIT TRANSIENT RESPONSE CIRCUIT 

TYPICAL PERFORMANCE CHARACTERISTICS (Vs = ±15V, TA = +25°C, unless otherwise specified.> 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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NElSE531-N,T 

TYPICAL APPLICATIONS (Cont'd) 
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DESCRIPTION 
The 532 consists of two independent, high 
gain, internally frequency compensated op­
erational amplifiers designed specifically to 
operate from a single power supply over a 
wide range of voltages. Operation from dual 
power supplies is also possible and the low 
power supply current drain is independent 
of the magnitude of the power supply 
voltage. 

FEATURES 
• Internally frequency compensated for 

unity gain 
• Large dc voltage galn-(100dB) 
• Wide bandwidth (unity galn)-1MHz 

(temperature compensated) 
• Wide power supply range 

single supply-(3Vdc to 3OVdc) 
or dual supplles-(±1.5Vdc to 
±15Vdc) 

• Very low supply current drain (400I'A)­
essentially Independent of supply volt­
age (1mW/op amp at +5Vdc) 

• Low Input biasing current-(45nA dc 
temperature compensated) 

• Low Input offset voltage-(2mVdc) and 
offset current-(5nA dc) 

• Differential Input voltage range equal to 
the power supply voltage 

• Large output voltage-(OVdc to V+--
1.5Vdc swing) 

• SE532 Mil std 883A,B,C available 

UNIQUE FEATURES 
In the linear mode the input common-mode 
voltage range includes ground and the out­
put voltage can also swing to ground, even 
though operated from only a single power 
supply voltage. The unity gain cross fre­
quency is temperature compensated. The 
input bias current is also temperature 
compensated. 
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PIN CONFIGURATIONS 

T PACKAGE 
(Top View) 

OU'MA*.0 V' 0 OU'M. 
INVERTING % ABu INVERTING 
INPUT A _ + + _ INPUT B 

NON·INVERTING Ii' t;\ NON-INVERTING 
INPUT A \.V \.V INPUT B 

ORDER PART NO. 
SE532T NE532T 
SE532A T NE532AT 
SA532T 

EQUIVALENT CIRCUIT 

NE/SE532/532A1SA532-N, T 

N PACKAGE 
(Top View) 

OU"U,.~. V' INVERTING ! 7 OUTPUT B 
INPUT A A B - .. 

NON_INVERTING ~ . - 8 INVERTING 
INPUT A INPUT B 

v- 4 s ~N~~·~N:ERTING 

ORDER PART NO. 
SE532N NE532N 
SA532N 
SE532AN NE532AN 

v+o-~------------~--~--~-------.---, 

\ SpA 

RSC 

OUTPUT 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Supply voltage, V+ 32 or ±16 Vdc 
Differential input voltage 32 Vdc 
Input voltage -0.3 to +32 Vdc 
Power dissipation 

T p!ickage 680 mW 
N package 625 mW 

Output short-circuit to GND 
V+ < 15 Vdc and TA = 25·C Continuous 
Operating temperature range 

NE532 o to +70 ·C 
SA532 -40 to +85 ·C 
SE532 -55 to +125 ·C 

Storage temperature range -65 to +150 ·C 
Lead temperature 300 ·C 

(soldering, 10sec) 
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NE/SE532/532A/SA532-N,T 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, V+ = +5Vunlessotherwise specified (see Notes on following page). 

TEST CONDITIONS 
SE532 NE532 

UNIT PARAMETER 
Min Typ Max Min Typ Max 

Vos Offset voltage1 Rs S; 10k ±2 ±5 ±2 ±6 mV 
Rs S; 10kn, over ·temp. ±7 ±7.5 mV 

Vos Drift Rs = on, over temp. 7 7 /lV/DC 

los Offset current IINH) or IINH ±3 ±30 +5 ±50 nA 
los' Offset current Over temp. ±100 ±150 nA 
los Drift Over temp. 10 10 pA/oC 

IBIAS Input current2 IIN(+) or IINH 45 150 45 250 nA 
Over temp., IIN(+) or IINH 40 300 40 500 nA 

VCM Common mode voltage range3 V+ = 30V 0 V+-1.5 0 V+-1.5 V 
Over temp., V+ = 30V V+-2.0 V+-2.0 V 

CMRRCommon mode rejection ratio Rs S; 10kn 70 85 65 70 dB 

VOUT Output voltage swing (VOH) RL ~ 2kn, V+ =30V 26 26 V 
RL ~ 10kn, V+ == 30V 27 28 27 28 V 

VOUT Output voltage swing (VOL) RL s; 10kn, over temp. 5 20 5 20 mV 

Icc Supply current RL =ooon all amplifiers, over temp 0.5 1.2 0.5 1.2 mA 

AVOL Large signal voltage RL~2kn, VOUT±10V, Vs=±15V 50 100 25 100 V/mV 
Gain Over temp. 25 15 V/mV 

PSRR Supply voltage Rs s; 10kn 65 100 65 100 dB 
rejection ratio 
Amplifier-to-amplifier f -1 kHz to 20kHz (input referred) -120 -120 dB 
coupling4 

Output current sou rce VIN+= 1Vdc, VIN-=OVdc, V+= 15Vdc 20 40 20 40 mA 
Output current sink VIN-= 1Vdc, VIN=OVdc, V+= 15Vdc 10 20 10 20 mA 

VIN- = 1 Vdc, VIN = OVdc, VOUT = 200mVdc 12 50 12 50 /lA 
Isc 5 40 60 40 60 mA 

DC ELECTRICAL CHARACTERISTICS (Cont'd) TA=25°C, V+=+5Vunless otherwise specified (see Notes on following page). 

SA532 SE532A 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Vos Offset voltage 1 Rs s; 10k ±2 ±6 1 2 mV 
Rs S 10kn, over temp. ±7.5 4 mV 

Vas Drift Rs = on, over temp. 7 7 15 /lVoC 

los Offset current IIN(+) or IINH ±5 ±50 2 10 nA 
loS Offset current Over temp. ±150 30 nA 
los Drift Over temp. 10 10 200 pA/oC 
IBIAS Input current2 IIN(+) or hN(-) 45 250 20 50 nA 

Over temp., IIN(+) or IINH 40 500 40 100 nA 
VCM Common mode voltage range3 V+ 30V 0 V+-1.5 0 V+-1.5 V 

Over temp., V+ = 30V V+-2.0 0 V+-1.5 V 
CMRR Common mode rejection ratio Rs S; 10kn 65 70 70 85 dB 
VOUT Output voltage swing (VOH) RL ~ 2kn, V+ = 30V 26 V 

RL ~ 10kn, V+ = 30V 27 28 V 
Vour Output voltage swing (VOL) RL S; 10kn, over temp. 5 20 mV 

Icc Supply current RL =00 on all amplifiers, over temp. 0.5 1.2 0.5 1.2 mA 

AVOL Large signal voltage RL~2kn, Vour±10V, Vs-±15V 25 100 50 100 VlmV 
Gain Over temp. 15 25 V/mV 

PSRR Supply voltage Rs s; 10kn 65 100 65 100 dB 
rejection ratio 
Amplifier-to-amplifier f -1 kHz to 20kHz (input referred) -120 -120 dB 
coupling 4 

Output current source VIN+= 1Vdc, VIN-=OVdc, V+= 15Vdc 20 40 20 40 mA 
Output current sink VIN-= 1Vdc, VIN=OVdc, V+= 15Vdc 10 20 10 20 mA 

VIN-= 1Vdc, VIN=OVdc, Vour=200mVdc 12 50 12 50 /lA 
ISC5 40 60 40 60 mA 
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NElSE532/532A/SA532-N.T 

DC ELECTRICAL CHARACTERISTICS (Cont'd)TA = 25°C. V+ = +5V unless otherwise specified. 

NE532A 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 
Vas Offset voltage1 Rs $10k 2 3 mV 

Rs $ 10kn. over temp. 5 mV 

Vas Drift Rs = on. over temp. 7 20 p,voC 

los Offset current I,N(+) or I,N(-) 5 30 nA 
los Offset current Over temp. 75 nA 
los Drift Over temp. 10 300 pAloC 

ISlAS Input current2 hN(+) or I,N(-) 45 100 nA 
Over temp .. I,N(+) or IINH 40 200 nA 

VCM Common mode voltage range3 V+ = 30V 0 V+-1.5 V 
Over temp .• V+ = 30V 0 V+-1.5 V 

CMRR Common mode rejection ratio Rs:S 10kn 65 85 dB 

VOUT Output voltage swing (VOH) RL :2: 2kn. V+ = 30V V 
RL:2: 10kn. V+ = 30V V 

VOUT Output voltage swing (VOL) RL :S 10kn. over temp. mV 

Icc Supply current RL = co on all amplifiers. over temp. 0.5 1.2 mA 

AVOL Large signal voltage RL:2:2kn. VOUT±10V. Vs=±15V 25 100 VlmV 
Gain Over temp. 15 VlmV 

PSRR Supply voltage Rs $10kn 65 100 dB 
rejection ratio 
Amplifier-to-amplifier 
coupling4 f = 1 kHz to 20kHz (input referred) -120 dB 
Output current source VIN+-1Vdc. V'N--OVdc. V+-15Vdc 20 40 mA 
Output current sink V'N-= 1 Vdc. Y,N = OVdc. \/+= 15Vdc 10 20 mA 

V'N-= 1Vdc. V'N=OVdC. VouT=200mVdc 12 50 p,A 
ISC5 40 60 mA 

NOTES is v+ -1.5V. but either or both inputs can go to +32V without damage. 
1. Vo" lAV. Rs=on with V+from 5V to 30V; and over the full input common-mode range 

19V to V+ -1.5Vl. 
4. Due'to proximity of external components, insure that coupling is not originating via 

stray capacitance between these external parts. This typically can be detected as this 
type of capacitive coupling increases at higher frequencies. 2. The direction of the input current is out of the IC due to the pnp input stage. This 

current is essentially contant, independent,of the state of the output so· no loading 
change exists on the input lines. 

3. The input common-mode voltage or either Input signal voltage should not be allowed 
to go negative by more than O.3V. The upper end of the common-mode voltage range 

5. Short circuits tram the output to V+ can cause excessive heating and eventual 
destruction. The maximum output current Is approximately 40mA Independent of the 
magnitude of V+. At values of supply voltage in excess C?f +15Vdc, continuous short~ 
circuits can exceed the power dissipation ratings and cause eventual destruction. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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DESCRIPTION 
The 535 and 5535 are new generation opera­
tional amplifiers featuring high slew rates 
combined with improved input characteris­
tics. The 535 is a single device while the 
5535 is a dual configuration. Internally 
compensated for unity gain, the SE535 and 
SE5535 feature a guaranteed unity gain 
slew rate of lOV/jJs with 2mV maximum 
offset voltage. Industry standard pin out and 
internal compensation allow the user to 
I,Jpgrade system performance by directly 
replacing general purpose amplifiers, such 
as 741, 747 and 1558. 

FEATURES 
• 15V / jJs unity gain slew rate 
• Internal frequency compensation 
• Low Input offset voltage-2mV max 
• Low input bias current 60nA max 
• Short circuit protected 
• Offset null capability 
• Large common mode and differential 

voltage ranges 

• Pin out 
• Configuration 

535 
741 

Single 

5535 
747,1558 

Dual 

I 

PIN CONFIGURATIONS . 

KPACKAGE 
NC 

Y+A y+s 

INVERTING INVERTING 
INPUT A INPUT B 

Y-

ORDER PART NO. 
SE5535K NE5535K 

N PACKAGE 

OUTPUT A 

0 
Y+ 

INVERTING 2 7 OUTPUTS 
INPUT A 

NON-INVERT- 3 6 
INVERTING 

ING INPUT A INPUT B 

Y- 4 5 NON-INVERT -
·ING INPUT S 

ORDER PART NO. 
SE5535N NE5535N 

EQUIVALENT SCHEMATIC (One Amplifier) 

80 Smn01iCR 

4 
y-

NElSE535-T. NElSE5535-F,K,N,N-14 

F,t./-14 PACKAGE 

INVERTING 
INPUT A 

NON~INVERTING 
INPUT A 

OFFSET 
NULLA 

OFFSET 
NULLS 

HONo-INVERT­
ING INPUTB 

INVERTING 
INPUTB 

ORDER PART NO. 

OFFSET 
NULLA 

Y+A 

OUTPUT A 

NC 

OUTPUTS 

Y+S 

OFFSET 
NULLB 

SE5535N-14 SE5535F 
NE5535N-14 NE5535F 

OFFSET 
ADJUST 

INVERTING 
INPUT 

NON-INVERT­
ING IN,PUT 

N PACKAGE 

0: :=-
y- 4 5 OFFseT 

OFFSET 
ADJUST 

INVERTING 
INPUT 

NON-INVERT­
ING INPUT 

ADJUST 

ORDER PART NO. 
SE535N NE535N 

T PACKAGE 

2 7 y + 

3 6 OUTPUT D SNC 

y- 4 . 5 OFFSET 

ORDER PART NO. 
SE535T NE535T 

TPACKAGE 

ADJUST 

OUTPUT A 0' S y+ 
IN~~~~: 2 7 OUTPUT B 

NON-INVERTING 3' . 6 INVERTING 
INPUT A INPUT B 

V - 4 5 NONINVERTING 
INPUTB 

ORDER PART NO. 
SE5535T N E5535T 



ABSOLUTE MAXIMUM RATINGS 

PARAMETER 
SE5351 NE5351 
SE5535 NE5535 

Supply voltage ±22 ±18 
Internal power dissipation1 

N Package 500 500 
KIT Package 800 800 
F Package 1000 1000 

Differential input voltage ±30 ±30 
Input voltage2 ±15 ±15 
Operating temperature range -55 to +125 o to +70 
Storage temperature range -65 to +150 -65 to +150 
Lead temperature (solder, 60sec) 300 300 
Output short circuit3 Indefinite Indefinite 

NOTES 
1. Rating applies for thermal resistances junction to ambient of 2400 CIW and 1500 C/W 

for Nand K, T packages, respectively. Maximum chip temperature is 150°C. 
2. Forsupplyvoltages less than ±15V, the absolute maximum Input voltage is equal to the 

supply voltage. 
3. Short circuit may be to ground or either supply. Rating applies to 125" C case 

temperature or 75°C ambient temperature. 

NE/SE535-T • NElSE5535-F,K,N,N-14 

UNIT 

V 

mW 
mW 
mW 

V 
V 

°C 
°C 
°C 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ±15V unless otherwise specified.' 

PARAMETER 

Vas I nput offset voltage 

t.Vos Input offset voltage drift 

los Input offset current 

18 Input current 

VCM Common mode voltage range 
CMRR Common mode rejection ratiO 

PSRR Power supply rejection 
RIN Input resistance 

AVOL Large signal voltage gain 

VOUT Output voltage 

Icc Supply current 

Po Power dissipation 

Isc Output short circuit current 
ROUT Output resistance 

"NOTE 
Temperature range 
SE types -55°C:5 TA ~ 125°C 

NE types O·C '" TA '" 70·C 

TEST CONDITIONS 

Rs::; 10kO 
Rs::; 10kO, over temp. 

Rs - 00, over temp. 

Over temp. 

Over temp. 

Rs ::; 10kO, over temp. 

Rs < 10kO, over temp. 

RL ~ 2kO, VOUT = ±10V 
RL ~ 2kO, VOUT = ±10V, over temp. 

RL ~ 2kO, over temp. 
RL ~ 10kO, over temp. 

Per amplifier 
Per amplifier, over temp. 

Per amplifier 
Per amplifier, over temp. 

'(gOOlies 

SE535/SE5535 

Min Typ Max 

0.7 2.0 
3.0 

3.0 15 
5 10 

20 

45 60 
100 

±12 ±13 
70 90 

30 150 
3 10 

50 500 
25 

±10 ±13 
±12 ±14 

1.8 2.8 
2 3.3 

54 84 
60 99 

25 
100 

NE535/NE5535 
UNIT 

Min Typ Max 

2.0 5.0 mV 
6.0 mV 

6.0 VloC 

15 40 nA 
80 p.VnA 

65 150 nA 
200 nA 

±12 ±13 V 
70 90 dB 

30 150 p.VIV 
1 6 MO 

50 500 VlmV 
25 V/mV 

±10 ±13 V 
±12 ±14 V 

1.8 2.8 mA 
2 mA 

54 84· mW 
60 mW 

25 mA 
100 0 
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NElSE535-T • NE/SE5535-F,K,N,N-14 

AC ELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Gain/bandwidth product 

Transient response 
Small signal rise time 
Small signal overshoot 
Settling time To 0.1% 
Slew rate TA = 25C, RL ~ 10kn, unity gain, 

non-inverting 

TYPICAL PERFORMANCE CHARACTERISTICS 
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NE/SE535-T. NElSE5535-F,K,N,N-14 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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VOLTAGE WAVEFORMS 

SETTLING TIME MEASUREMENT 

"OV ,...----""'"\ 

INPUT 60% 

-10V 

OUTPUT 

FALSE 
SUMMING _ 

NODE 

____ ~'OmV 

SLEW RATE MEASUREMENT 

IN;:; 60% 

-10V \~-

84 

SLEW RATE 
V(-)TO V(+) 

(MEASUREMENT 
PERIOD) 

SLEW RATE 
V(+)TOVH 

(MEASUREMENT 
PERIOD) 

SMALL-SIGNAL TRANSIENT 
RESPONSE DEFINITIONS 

60% 

90% 

RISE TIME 

NElSE535-T • NE/SE5535-F,K,N,N-14 

TEST CIRCUITS 

SLEW RATE AND SMALL SIGNAL TRANSIENT RESPONSE 

10k 

RS 

50 

NOTE 
Pins not shown are not connected. 
All resistors values are typical and)n ohms. 

~ -b 
10k· 

INPUT (O~-"""""""''''''''''''-f 

10k" 

FALse 
SUMMING 

NODE 

·Match to within 0.Q1%. 

NOTE 

Pins not shown are not connected. 
All resistors values are typical and in ohms. 
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NElSU536-T 

DESCRIPTION 
The '536 is a special purpose high perfor­
mance operational amplifier utilizing an 
FET input stage for extremely high input 
impedance and low input current. 

The device features internal compensation, 
standard pinout, wide differential and com­
mon mode input voltage range, high slew 
rate and high output drive capability. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
Differential input voltage range 
Common mode input voltage range 
Power dissipation1 
Operating temperature range 

SU536T 
NE536T 

Storage temperature range 
Lead temperature (solder, 60sec) 
Output short circuit duration2 

NOTES 

FEATURES 
• SpA input bias current 
• Input and output protection 
• Offset null capability 
• Internally compensated 
• 6V I p,sec slew rate 
• Standard pinout 
• 1MHz unity gain bandwidth 

RATING 

±22 
±30 
±Vs 
500 

-55 to +85 
o to +70 

-65 to +150 
300 

indefinite 

1. Rating applies for case temperature to +250 C; derate linearly at 6.SmW/o C for ambient 
temperatures above.7SoC. 

2. Short circuit may be to ground or either supply. Rating applies to +125°C case 
temp~rature or +75°C ambient temperature. 

UNIT 

V 
V 

mW 

°C 
°C 
°C 
°C 

PIN CONFIGURATION 

T PACKAGE 

NO 

O>C""'U'@0(0)0" 
INVERTING 

INPUT 2 G OUTPUl 

'0' "~'''''G ~ om" '"co 
INI'UT 0 

ORDER PART NO. 
SU536T 
NE536T 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ±15V unless otherwise specified.1 

PARAMETER TEST CONDITIONS 
NES36 

Min Typ Max 

Vas Offset voltage Rs:S 10k!l 30 90 
Over temp., Rs :S 10k!l 30 

Vas Drift Rs = O!l, over temp. 30 

los Offset current 5 
IBIAS Input current2 30 100 

VCM Common mode voltage range ±10 ±11 
CMRR Common mode rejection ratio Rs :S 10k!l, V,N = ±10V 64 80 

RIN Input resistance 1014 
VOUT Output voltage swing RL 2: 2k!l, over temp. ±10 ±11 

RL 10k!l, over temp. ±12 ±13 

Icc Supply current VOUT = OV 6.0 8.0 
PSRR Supply voltage rejection ratio Rs:S 10k!l, ±6:S Vs ±15 100 300 

AVOL Large signal voltage gain Vo = ±10V, RL 2k!l 50 
Vo = ±10V, RL 2: 2k!l, over temp. 25 

Ps Power supply range ±6 ±18 

NOTES 
1. Operating temperature range: NE536 isQac to 70°C. 
2. Input current typically doubles every 10°C. 

SmootiCS 

UNIT 

mV 
mV 

p,V/oC 

pA 
pA 

V 
dB 

!l 
V 
V 

mA 
p,V/v 

V/mV 
V/mV 

V 
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DC ELECTRICAL CHARACTERISTICS TA = 2S0C, ±6V:5 Vs::; ± 20V unless otherwise specified.2 

PARAMETER TEST CONDITIONS 

Vos Offset voltage Rs::; 10kO 
Rs :5 10kO, over temp. 

Vos Drift Rs:5 10kO 
los Offset cu rrent 

IBIAS Input current1 
Over temp. 

VCM Common mode voltage range Vs = ±15V 
CMRR Common mode rejection ratio Rs ::; 10kO, VIN = ±10V 

RIN Input resistance 
VOUT Output voltage swing RL ;:: 2kO, i/s - ±1SV, over temp. 

RL;:: 10kO, Vs =±1SV, over temp. 

Icc Supply current VOUT = OV, Vs = ±20V 

PSRR Supply voltage rejection ratio Rs:5 10kO 
AVOL Large signal voltage gain Over temp., Vs - ±1SV, Vo - ±10V, RL 2: 2kO 

Ps Power supply range 

NOTES 
1. Input current typically doubles every 10°C. 
2. Operating temperature range for SU536 is -55°C to +S5°C. 

AC ELECTRICAL CHARACTERISTICS TA = 2SOC unless otherwise specified.1,2 

PARAMETER 

Differential capacitance 
Input noise voltage 
Output impedance 

Unity gain frequency 
Full power bandwidth 

Slew rate, inverter 
Slew rate, follower 

NOTES 
1. Temperature range for SU536 is -55 :5 T A :5 85° C 

Temperature range fqr NE536 is O°C :5 TA $; 70°C 
2. SU536 - ±6V:oS TA ± 20V 

NE536 - ±15V 

86 

NE536 
TEST CONDITIONS 

Min Typ Max 

6 
0.1Hz - 100kHz 20 

100 

Vs = ±1SV 1 
Vs = ±1SV 100 

Vs = ±1SV, A =-w 6 
Vs = ±1.5V.A = +1V 6 

smnoties 

SU536 

Min Typ 

7.S 
7.S 

20 
S 
S 

2S0 

±10 ±11 
70 80 

1014 
±10 ±12 
±12 ±13 

4.S 

50 
SO 

±6 

SU536 

Min Typ 

6 
20 
100 

1 
100 

6 
6 

NElSUS36-T 

UNIT 
Max 

20 mV 
30 mV 

p.V/oC 
pA 

30 pA 
3000 pA 

V 
dB 

0 
V 
V 

S.S rnA 

150 p.VIV 
VlmV 

±20 V 

UNIT 
Max 

pF 

p.Vrms 

MHz 
KHz 

V/p.s 
V/p.s 



NE/SU536-T 

CIRCUIT SCHEMATIC 
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TYPICAL PERFORMANCE CHARACTERISTICS 

LARGE SIGNAL VOLTAGE FOLLOWER 
PULSE RESPONSE 
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OUTPUT VOLTAGE SWING AS A 
FUNCTION OF SUPPLY VOLTAGE 
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TYPICAL PERFORMANCE 
CHARACERISTICS (Cont'd) 

OUTPUT SHORT·CIRCUIT CURRENT 
AS A FUNCTION OF 

AMBIENT TEMPERATURE 
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DESCRIPTION PIN CONFIGURATIONS 

N PACKAGE The 538/5538 are new generation opera­
tional amplifiers featuring high slew rates 
combined with improved input characteris­
tics. Internally compensated for gains of 5 
or larger, the SE538/SE5538 offer guaran­
teed minimum slew rates of 40Vlp.s or larg­
er. Featuring 2mV max input offset voltage, 
the 538 is a single amplifier while the 5538 is 
a dual version. Industry standard pin out 
and internal compensation allow the user to 
upgrade system performance by directly 
replacing general purpose amplifiers, such 
as 748, 101A,741, 747 and 1458. 

OUTPUTA DB v+ 
I~::~I:~ 2 7 OUTPUT B 

NONINVERTING 3 . 6 iNVERTING 
INPUT A INPUT 8 

V _ 4 . 5 ~~~I~:ERTING 

ORDER PART NO. 

SE5538N. NE5538N 

N-14, F PACKAGE 

FEATURES 
• 2mV max input offset voltage 
• 60nA max Input offset current 
• Short circuit protected 
• Offset null capability 
• Large common mode and differential 

voltage ranges 
• 60VIp.s slew rate (gain of +5, -4 min) 
• 6MHz gain bandwidth product 

(gain +5, -4 minimum) 
• Intemal frequency compensation 

(gain of +5, -4 minimum) 
• Pin out; 538 same as 741 (single) 

5538 same as 747,1458 (dual) 

ABSOLUTE MAXIMUM RATINGS1,2,3 

PARAMETER 

VCC Supply voltage 
SE military grade 
NE commercial grade 

Po Internal power dissipation 
F package 

Po Internal power dissipation 1 

N package 
Po Internal power dissipation1 

K, T package 
Differential input voltage 
Input voltage2 

Operating temperature range 
SE military grade 
NE commercial grade 
Output short circuit3 
Storage temperature range 

INVERTING 
INPUT A 

NONINVERTING 
INPUT A 

OFFSET 
NULLA 

V- 4 

OFFSET 
NULLB 

NON INVERTING 
INPUTB 

INVERTING 
INPUTB 

ORDER PART NO. 

SE5538 N-14. F 
NE5538 N-14, F 

RATING 

±22 
±18 
1000 

500 

800 

±30 
±15 

-55 to +125 
o to 70 

indefinite 
-55 to +150 

Lead temperature (solder, 50sec.) 300 

NOTES 

1. Rating applies for thermal resistances of 240' C/W and 150'C/W junction to ambient 
for Nand K, T packages, respectively. Maximum chip temperature is 150°C. 

2. For supply voltages less than ±15V. the absolute maximum input voltage is equal to the 
supply voltage. 

3. Short circuit may be to ground or either supply. Rating applies to 125'C case 
temperature or 75° C ambient temperature. 

90 Smnotics 

OFFSET 
NULLA 

V+ 

OUTPUT A 

Ne 

OUTPUT 8 

OFFSET 
NULL B 

UNIT 

V 
V 

mW 

mW 

mW 

V 
V 

°C 
°C 

°C 
°C 

NElSE538-N,T • NElSE5538-F,K,N,N-14,T 

N PACKAGE 

OF~~~r O· 8 Ne 
INVE~~~~ 2 7 V + 

NONINVERT- 3. 6 OUTPUT 
ING INPUT 

y- 4 5 ~~~~ET 

ORDER PART NO. 

SE538N, NE538N 

OFFSET 
NULL 

INVERTING 
INPUT 

NONINVERT­
ING INPUT 

T PACKAGE 

Ne 

y-

ORDER PART NO. 

y+ 

OUTPUT 

OFFSET 
NULL 

SE538T, NE538T 

V+A 

INVERTING 
INPUT A 

NONINVERTING 
INPUT A 

K PACKAGE 

Ne 

Y-

ORDER PART NO. 

OUTPUT a 
Y+B 

INVERTING 
INPUTB 

NONINVERTING 
INPUTB 

SE5538K, NE5538K 

OUTPUT A 

INVERTING 
INPUT A 

NONINVERTING 
INPUT A 

TPACKAGE 

V+ 

v-

ORDER PART NO. 

OUTPUT 8 

INVERTING 
INPUT B 

NONINVERTING 
INPUT B 

SE5538T. NE5538T 



NE/SE538-N.T • NE/SE5538-F.K.N.N-14.T 

EQUIVALENT SCHEMATIC (EACH AMPLIFIER) 
Vee 

r---------~----------~----,---r---~----~--07 

DC ELECTRICAL CHARACTERISTICS TA = 25°C. Vs = ± 15V unless otherwise specified. 

PARAMETER 

Vos Input offset voltage 
Vos I nput offset voltage 

tNos Input offset voltage drift 

los Input offset current 
los I nput offset current 

Ie Input current 
Ie Input current 

VCM Input common mode voltage range 

CMRR Common mode rejection ratio 

PSRR Power supply rejection 

RIN Input resistance 

AVOL Large signal voltage gain 
AVOL Large signal voltage gain 

VOUT Output voltage 
VOUT Output voltage 

Icc Supply current 
Icc Supply current 

Po Power dissipation 
Po Power dissipation 

Isc Output short circuit current 

ROUT Output resistance 

NOTE 
Temperature Range 

SE Types -SS·C S TA S 12S·C 
NE Types O·C S TA S 70·C 

TEST CONDITIONS 

Rs::; 10kO 
Rs::; 10kO. over temp. 

Rs = on. over temp. 

Over temp. 

Over temp. 

Rs::; 10kO. over temp. 

Rs::; 10kO. over temp. 

RL ~ 2kO. VOUT = ±10V 
Over temp .• 

RL ~ 2kn. VOUT = ±10V 

Over temp .• RL ~ 2kO 
Over temp .• RL ~ 10kO 

Per amplifier 
Over temp .• per amplifier 

Per amplifier 
Over temp .• per amplifier 

9i!1DOliC9 

SE538/SE5538 

Min Typ Max 

0.7 2.0 
3.0 

3.0 15 

5 10 
20 

45 60 
100 

±12 ±13 

70 90 

30 150 

3 10 

50 200 
25 

±10 ±13 
±12 ±14 

2 3 
2.2 3.6 

60 90 
66 108 

25 

100 

NE538/NE5538 
UNIT 

Min Typ Max 

2.0 5.0 mV 
6.0 mV 

6.0 p.V/oC 

15 40 nA 
80 nA 

65 150 nA 
200 nA 

±12 ±13 V 

70 90 dB 

30 150 p.V/v 

1 6 MO 

50 200 VlmV 
25 VlmV 

±10 ±13 V 
±12 ±14 V 

2 3 mA 
2.2 rnA 

60 90 mW 
66 mW 

25 mA 

100 0 
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NE/SE538-N,T. NElSE5538-F,K,N,N-14,T 

AC ELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise specified. 

SE538/SE5538 NE538/NE5538 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Gain bandwidth product 
(Gain +5, -4 minimum) 6 

Transient response 
0.25 Small signal rise time 

Small signal overshoot 6 

Settling time To 0.1% 1.2 

Slew rate Minimum gain = 5 
40 60 

Noninverting RL;:: 2kO 

TYPICAL PERFORMANCE CHARACTERISTICS 
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OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 

FREQUENCY 
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INPUT NOISE VOLTAGE 
AS A FUNCTION OF 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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NElSE538-N,T. NE/SE5538-F,K,N,N-14,T 

INPUT COMMON MODE 
VOLTAGE RANGE AS A 

FUNCTION OF SUPPLY VOLTAGE 
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SINGLE AND DUAL fllGIl SLEW lATE 0' AM'S HE/SUlli55l1 

NElSE538-N,T. NE/SE553S-F,K,N,N-14,T 

TEST LOAD CIRCUITS TYPICAL PERFORMANCE 
CHARACTERISTICS (Cont'd) 

SMALL-SIGNAL TRANSIENT 
RESPONSE DEFINITIONS. 

SLEW RATE AND SMALL SIGNAL 
TRANSIENT RESPONSE TEST CIRCUIT 

10mV 

INPUT 

50% 50% 

90% 

2.5k 10k 

-1 10k 

As 

50 

-=-
NOTE 
Pins not shown are not connected. 
All resistors values are typical and in ohms. 

TEST LOAD CIRCUITS (Cont'd) 

94 

SETTLING TIME TEST CIRCUIT 

10k~ 

Vee= 15V 

2.SK 

---":'0V n.-
-U-10Y-

+2.~ 
- l!!v 

INPUT (~>--_""""""'-+--I 

>---..---..---..--to) OUTPUT 

-=-
10k· 

FALSE 
SUMMING 

NODE 

'Match to within 0.01%. 
NOTE 

-=-

-=-

Pins not shown are not connected. 

-=-

All resistors values are typical and in ohms. 

100pF 

10k· 

-=-

IN916 
OR EQUIY. 
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DESCRIPTION 
The SElNE5534 is a high-performance low 
noise operational amplifier. Compared to 
most of the standard operational amplifiers, 
such as 741 and 301A, it shows better noise 
performance, improved output drive capa­
bility and considerably higher small-signal 
and power bandwidths. 

This makes the device especially suitable 
for application in high quality and profes­
sional audio equipment, in instrumentation 
and control circuits and telephone channel 
amplifiers. The op amp is internally com­
pensated for gain equal to, or higher than, 
three. The frequency response can be opti­
mized with an external compensation 
capacitor for various applications (unity 
gain amplifier, capacitive load, slew-rate, 
low overshoot, etc,) If very low noise is of 
prime importance, it is recommended that 
the SE/NE5534A version be used which has 
guaranteed noise specifications. 

EQUIVALENT SCHEMATIC 

PIN CONFIGURATIONS 

N PACKAGE O BALANCEI 
BALANCE 1 8 COMPENSA nON 

INYE~J~~~ 2 7 V + 

NONINVE~:~~~ 3 6 OUTPUT 

V - 4 Ii COMPENSATION 

ORDER PART NO. 

FEATURES 

NE5534N 
NE5534AN 

• Smail-signal bandwidth: 10MHz 
• Output drive capability: 600n, 10V (rms) 

at Vs = ±18V 
• Input noise voltage: 4nVl 11HZ 
• DC voltage gain: 100000 
• AC voltage gain: 6000 at 10kHz 
• Power bandwidth: 200kHz 
• Slew-rate: 13V/~s 
• Large supply voltage range: ±3 to ±20V 

NElSE5534, NElSE5534A-N,T 

NOHINYERTING 
INPUT 

T PACKAGE 

BALANCEI 
COMPENSATION 

V-

ORDER PART NO. 

SE5534T 
SE5534AT 
NE5534T 
NE5534AT 

Vp 

t ~ 
~ 

+ 

'7 --K ;t- V 

H. 

~ v II--
- ,,. 

k 
~ 

~ 

rr ~ 

~ K ~ ;t-
... 
-....r 

........ ........ V v rJ 
,-1 

~ 
r-. ...... ...... r-. ,-1 r-. 

,,. 
~ 
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ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATI.NG 

Vs Supply voltage ±22 
VIN Input voltage ±V supply 
VOIFF Differential input voltage ±.5 
TA Operating temperature range1 

SE -55 to +125 
NE o to 70 

TSTG Storage temperature -65 to +150 
TJ Junction temperature 150 
Po Power dissipation 

5534T 680 
5534N 500 

Output short circuit duration 2 indefinite 
Lead temperature 

(soldering 10 sec)3 

NOTES 

1. Diodes protect the inputs against over~voltage. Therefore. unless current-limiting 
resistors are used,large currents will flow if the differential input voltage exceeds O.~V. 
Maximum current should be limited to ±10mA. 

2. For operation at elevated temperature T package must be derated based on a thermal 
resistance of 150°CIW junction to ambient, 45°CIW junction tt> case. Thermal 
resistance of the N package is 240" CIW. 

3. Output may be shorted to ground at Vs=±15V, TA = 25° C. Temperature and/orsupply 
Yoltages must be limited to ensure dissipation rating is not exceeded. 

300 

NE/SE5534, NE/SE5534A-N,T 

UNIT 

V 
V 
V 

·C 
·C 
·C 
·C 

mW 
mW 

·C 

DC ELECTRICAL CHARACTERISTICS TA = 25·C, Vs = ±15V unless otherwise specified.1.2 

PARAMETER TEST CONDITIONS 
SE5534/5534A NE5534/5534A 

UNIT 
Min Typ Max Min Typ Max 

Vos Offset voltage .5 2 .5 4 mV 
Over temperature 3 5 mV 

los Offset current 10 200 20 300 nA 
Over temperature 500 400 nA 

18 Input current 400 800 500 1500 nA 
Over temperature 1500 2000 nA 

Icc Supply cu rrent 4 6.5 4 8 mA 
Over temperature 9 mA 

VCM Common mode input range ±12 ±13 ±12 ±13 V 
CMRR Common mode rejection ratio 80 100 70 100 dB 
PSRR Power supply rejection ratio 10 50 10 100 p.VN 

AVOL Large signal voltage gain RL ~ 600n, Vo = ±10V 50 100 25 100 VlmV 
Over temperature 25 15 VlmV 

VOUT Output swing RL ~ 600n ±12 ±13 ±12 ±13 V 
RL ~ 600n Vs = ±18V ±15 ±16 ±15 ±16 V 

RIN Input resistance 50 100 30 100 Kn 
Isc Output short circuit current 38 38 mA 

NOTES 
1. For NESS34. NESS34A. TMIN = O·C. TMAX = 70·C 
2. For SES534. SE5534A. TMIN = -5S·C. TMAX = +12S·C 
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NE/SE5534, NE/SE5534A-N,T 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ±15V unless otherwise specified. 

PARAMETER TEST CONDITIONS 
SE5534/5534A NE5534/5534A 

UNIT 
Min Typ Max Min Typ Max 

ROUT Output resistance Av = 30dB closed loop 0.3 0.3 0 
f = 10kHz, RL = 6000, Ce = 22pF 

Transient response Voltage follower, VIN = 50mV 
RL = 6000, Ce = 22pF, CL = 100pF 

TA Rise time 20 20 ns 
Overshoot 20 20 % 

Transient response VIN = 50mv, RL = 6000 
Ce = 47pF, CL = 500pF 

TA Rise time 50 50 ns 
Overshoot 35 35 % 

AC Gain f = 10kHz, Ce = 0 6 6 V/mV 
f = 10kHz, Ce = 22pF 2.2 2.2 V/mV 

Gain bandwidth product Ce = 22pF, CL = 100pF 10 10 mHz 

Slew rate Ce = 0 13 13 V/p.S 
Ce = 22pF 6 6 V/p.S 

Power bandwidth VOUT = ±10V, Ce = 0 200 200 kHz 
VOUT = ±10V, Ce = 22pF 95 95 kHz 
VOUT = ±14V, RL = 6000 70 70 kHz 
Ce = 22pF, Vee = ±18V 

ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ±15V unless otherwise specified. 

SE5534/NE5534 SE5534A1NE5534A 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Input noise voltage fa = 30Hz 7 5:5 7 nV/!Hz 
fo=1kHz 4 3.5 4.5 nV/jRZ 

Input noise current fa = 30Hz 2.5 1.5 pANRZ 
fa = 1kHz 0.6 0.4 pAlv'RZ 

Broadband noise figure f = 10Hz - 20kHz, Rs = 5kO - 0.9 dB 
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TYPICAL PERFORMANCE CHARACTERISTICS 

OPEN LOOP FREQUENCY RESPONSE 

120 
TYPICAL VALUES , 

~ 
'\~c=o 

BO 

cc= 220~ ~ 

" 
40 

~ 

-40 

10 102 103 104 105 lOS 107 

'(Hz) 

SLEW·RATE AS A FUNCTION OF 
COMPENSATION CAPACITANCE 

16 

12 

1\ 
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" ~o 

40 

~ 

BO 

CC(OF) 

Vs = ±15V 

tl 

NE/SE5534, NE/SE5534A-N,T 

CLOSED LOOP FREQUENCY RESPONSE 

LARGE·SIGNAL FREQUENCY OUTPUT SHORT-CIRCUIT CURRENT INPUT BIAS CURRENT 

Y'N(Y) 
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NE/SE5534, NElSE5534A-N,T 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

INPUT NOISE CURRENT DENSITY TOTAL INPUT NOISE DENSITY BROADBAND INPUT NOISE VOLTAGE 

'0' 10' ,.' 
TYPICAL VALUES 

h 10' TYPICAL VALUES 

10 '0' 10 

/ 
10Hz 'OH.lT~/ 

'0' 

" / /': 1kHz 

('!z:nIz) 1 
Vn(rms) 102 Vn(rms) 

~ (nVl.rHi) V ~ ", 
(,uV) 1 t:::: ~TO 4kHz 10 

THERMAL NorSE OF 

10-1 ' ........ 

V - SOURCE RESJSTANCE 
10·' 

10-1 

10-t 10-2 10-2 

10 10' 10' 10' 10 10' '0' 10' 10' 10' 10' 10' 10' 10' 10' 

I(Hz) RS(Il) RS (11) 

TEST LOAD CIRCUITS 

FREQUENCY COMPENSATION AND 
OFFSET VOLTAGE ADJUSTMENT 

CIRCUIT 

CLOSED LOOP FREQUENCY RESPONSE 

V· 

22kn 
100kn 

V-

SI!IDOIiCS 

RS 

25 n 

VJ RE 
100pF r eoo,! 
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DESCRIPTION 
The 709 is a high performance monolithic 
operational amplifier with differential in­
puts. High open loop gain, high input im­
pedance, wide input common mode and 
output voltage ranges plus low temperature 
drift enable it to be used in many applica­
tions formerly satisfied only by discrete am­
plifiers. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
Internal power dissipation' 

/LA709C 
/LA709 

Differential input voltage 
Input voltage 

FEATURES 
• Open loop voltage gain = 45,000 
• Output voltage swing = ±14V 
• Input common mode range = ±10V 
• Differential input resistance = 

SA709C250K 
/LA709C250K 
/LA709400K 
/LA709A700K 

• !-'A709, 709A Mil Std 883 A,B,C avail­
able 

RATING UNIT 

±18 V 

250 mW 
300 mW 
±5.0 V 
±10 V 

Output short-circuit duration (TA = 25· C) 5 sec 
Operating temperature range 

/LA709C o to +75 
/LA709 -55 to +125 
SA709 -40 to +85 

Storage temperature range -65 to +150 
Lead temperature (soldering, 60sec) 300 

'NOTE 

Rating applied for case temperatures to +125°C. Derate linearly at 5.6mW/oC for ambient 
~emperatures above +95°C. 

EQUIVALENT SCHEMATIC 

·C 
·C 
·C 
·C 
·C 

B INPUT COMPENSATION 

/LA 709/709A/709C/SA 709C-F ,N,N-14, T 

PIN CONFIGURATIONS 

F,N-14 PACKAGE 

ORDER PART NO. 
!<A709AF, !<A709AN-14, ~A709F, 
~A709N-14, SA709CF, SA709CN-14, 
~A709CN-14 

T PACKAGE 

ORDER PART NO, 
~A709AT, ~A709T, ~A709CT 

N PACKAGE 

'N'U'O'N'U' COMf'. 1\ 1 ~ CClll,1P II 

!NVIFN~~/TNr, .' I vt 

NON.INVFRTINC, ,. " OUTPUl 
INPUT 

v· I . ~ OUTPUT 
COM!' 

ORDER PART NO. 
~709AN, ~A709N, 

~709CN, SA709CN 

r-----------~--~-------------4------------~----_4r_----~--__ov· 

INPlJTCOMPENSATlON o---+-~ 

NON·INVERTING INPUT 

INVERTING INPUT o-------t-----' 

100 

" " 

r---+---t: a, 

'" , .. 
+-----+-----+--__ -ooofPUT COMPENSATION 

" 10k R'2 +-______________________ -J , .. 

SmootiGS 

'" '" 

a" 



OPERATIONAL AMPLIfiER pA701/701A1709C1SA709C 
p.A7091709A/709C/SA709C-F,N,N-14,T 

DC ELECTRICAL CHARACTERISTICS ±9V ~ Vs ~ ±15V (p.A709, p.A709A) Vs = ±15V (p.A709C, SA709C) 
TA = 25°C unless otherwise specified.' 

p.A709 p.A709C p.A709A SA709C 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max Min Typ Max Min Typ Max 
UNIT 

Vos Offset voltage Rs ~ 10kO 1.0 5.0 2.0 7.5 0.6 2.0 2.0 7.5 mV 
Vos Offset voltage Over temp 6.0 10 3.0 10 mV 

Vos Drift Rs = 50 over temp 3.0 1.8 10 p.VloC 
Rs ~ 10k + 25° C ~ T A ~ T max 6.0 2.0 15 p.VloC 
Rs ~ 10k T min ~ TA ~ +25°C 6.0 4.8 25 

los Offset current 50 200 100 500 10 50 100 500 nA 
Tmax 20 200 750 3.5 50 750 nA 
Tmin 100 500 750 40 250 750 nA 

IBIAS Input current 200 500 300 1500 100 200 300 ~50( nA 
Tmin 500 1500 2000 300 600 ~OO( nA 
Tmax 2000 200( nA 

VCM Common mode Vs =±15V +8.0 ±10 ±8.0 ±10 V 
voltage range 

Vs = ±15Vover temp ±8.0 ±10 ±8.0 ±10 V 

CMRR Common mode Rs~ 10kO 65 90 65 90 dB 
rejection ratio 

Rx ~ 10kO over temp 70 90 80 110 dB 

RIN Input resistance 150 400 50 250 350 700 50 250 kO 
Over temp 40 100 35 85 170 35 kO 

AVOL Large Signal voltage RL ~ 2kO, Vout = ±10V 15 45 15 45 VlmV 
gain 

RL~2kO, Vout=±10V, over temp 25 45 70 12 25 70 12 VlmV 

VOUT Output voltage swing RL-2kO, Vs -±15V ±10 ±13 ±10 ±13 ±10 ±13 ±10 ±13 V 
RL = 10kO, Vs = ±15V ±12 ±14 ±12 ±14 ±1~ ±14 ±12 ±14 V 

RL = 2kO, VCC = ±15V over temp ±10 ±13 ±10 ±13 V 
RL = 1 OkO, VCC = ±15V over temp ±12 ±14 ±1~ ±14 V 

PD Power consumption Vs =±15V 80 165 80 200 75 108 80 200 mW 
TA = high 63 90 mW 
TA=low 81 135 mW 

PSRR Supply voltage Rs~ 10kO 25 200 25 200 p.VIV 
rejection ratio Rs ~ 10kO, over tem p 25 150 40 100 

ROUT Output resistance 150 150 150 150 0 

'NOTE 
Operating temperature range 

"A709.,.A709A -SS'C5TA512S'C 
SA709C -40'C5TA58S'C 
,.A709C O'C5TA570'C 
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pA7091709A1709C/SA709C-F,N,N-14,T 

AC ELECTRICAL CHARACTERISTICS ±9V:5 Vs:5 ±15V (I'A709, pA709A)Va = ±15V (pA709C, SA709C) 
TA = 25°C unless otherwise specified. 

IJA709 
PARAMETER TEST CONDITIONS 

Min Typ 

Transient response 
Rise time VIN = 10mV, RL = 2kO 0.3 

R1 = 1.5kO C2 = 200pF, 
R2 = 500 VIN = 2mV, 
RL= 2kO C1 = 5nF 

Overshoot CL:5 100pF 10 

TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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DESCRIPTION 
The p.A740C is a special purpose high per­
formance operational amplifier utilizing a 
FET input stage for high input impedance 
and low input current. 

The device features internal compensation, 
standard pinout, wide differential and com­
mon mode input voltage range, high slew 
rate and high output drive capability. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
Differential input voltage range 
Common mode input voltage range 
Power dissipation1 

Operating temperature range 
Storage temperature range 
Lead temperature (solder, 60secl 
Output short circuit duration2 

NOTES 

FEATURES 
• O.1nA input bias current 
• Input and output protection 
• Offset null capability 
• Internally compensated 
• 6V/ P.s slew rate 
• Standard pinout 
• No latch-up 

RATING 

±22 
±30 
±Vs 
500 

o to +70 
-65 to +150 

300 
indefinite 

1. Rating applies to case temperature to +25 DC. Derate linearly at 6.5mWrC for ambient 
temperatures above 75°C. 

2. Short circuit may be to ground or either supply. Rating applies to +125°C case 
temperature or +75 DC ambient temperature. 

PIN CONFIGURATION 

T PACKAGE 

UNIT 

V 
V 

mW 
°C 
°C 
°C 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ±15V unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Vas Offset voltage Rs:5 100kO 
Rs :5 100kO, over temp. 

los Offset cu rrent 
Over temp. 

IBIAS Input current1 

Over temp. 

VCM Common mode voltage range 2 Over temp. 
CMRR Common mode rejection Over temp. 

ratio 

RIN I nput resistance 

VOUT Output voltage swing Over temp., RL ~ 2kO 
Over temp., RL ~ 10kO 

Icc Supply current 
Pd Power consumption 

PSRR Supply voltage rejection Rs:5 10kO, over temp. 
ratio 
Output resistance 

AVOL Large signal voltage gain RL~2kO, VOUT-±10V, 
RL ~ 2kO, over temp. 

NOTES 

1. Typically doubles for every 10 0e increase in temperature. 
2. For supply voltages less than ±15V, absolute maximum input voltage is equal to the 

supply voltage. 

SsgDotiCS 

p.A740C 

Min Typ Max 

30 110 
30 

60 300 
60 

0.1 2.0 
1.1 10 

±10 ±12 
55 80 

1,000,000 

±10 ±13 
±12 ±14 

4.2 8.0 
126 240 

70 500 

75 
20 1000 

500 

~740C-T 

UNIT 

mV 
mV 

pA 
pA 

nA 
nA 

V 
dB 

MO 

V 
V 

mA 
mW 

p.VN 

0 
VlmV 
V/mV 
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!tA740C-T 

EQUIVALENT SCHEMATIC 
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AC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ±15V 
unless otherwise specified. 

PARAMETER TEST CONDITIONS 
JLA740C 

UNIT 
Min Typ Max 

Slew rate 
Unity gain bandwidth 

Transient response (voltage TA =25°C, VIN = 100mV 
follower circuit) CL S; 100pf, RL = 2kO 
Rise time 
Overshoot 

TYPICAL PERFORMANCE CHARACTERISTICS 
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DESCRIPTION 
The 747 is a pair of high performance mono­
lithic operational amplifiers constructed on 
a single silicon chip. High common mode 
voltage range and absence of "latch-up" 
make the 747 ideal for use as a voltage 
follower. The high gain and wide range of 
operating voltage provides superior per­
formance in integrator, summing amplifier, 
and general feedback applications. The 747 
is short-circuit protected and requires no 
external components for frequency com­
pensation. The internal 6dS/octave roll-off 
insures stability in closed loop applications. 
For single amplifier performance, see 
!tA741 data sheet. 

FEATURES 
• No frequency compensation required 
• Short-circuit protection 
• Offset voltage null capability 
• Large common-mode and difierential 

voltage ranges 
• Low power consumption 
• No latch-up 
• p.A747, SA747C Mil std 883A,B,C avail­

able 

110 

PIN CONFIGURATIONS 

FIN PACKAGE 

NON·INVERTING ~ 
INPUT A 

NON-INVERTING 6 
INPUTS 

INVERTING 7 
INPUTS 

ORDER PART NO. 
~A747CN, "A747CF, ~A747N, 
~A747F, SA747CN, SA747CF 

EQUIVALENT SCHEMATIC 

p.A747/747C/SA747C-F,K,N 

K PACKAGE 

ORDER PART NO. 
~A747CK, ~A747K 

EQUIVALENT CIRCUIT (EACH SIDE) 
INVERTING INPUT 

~--------~--+---~----------~------~-ov' 

OFFSET NULL 

R, 
lkll 

". 
5kil 

"12 
50k!! Rll 

", 
2S\! 

OUTPUT 

",. 
50!! 

L-__ ~ __ ~ __ 4-+-____ ~ ____ ~ __ ~ __ ~W=!! ____ ~--OV-

OFFSET NULL 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Supply voltage 
p.A747 ±22 V 
p.A747C ±18 V 
SA747C ±18 V 

Internal power diSSipation 
Metal can 500 mW 
DIP 670 mW 

Differential input voltage ±30 V 
Input voltage ±15 V 
Voltage between offset null 

and V- ±0.5 V 
Storage temperature range -65 to +155 °C 
Operating temperature range 

p.A747 -55 to +125 °C 
p.A747C o to +70 °C 
SA747C -40 to +85 °C 

Lead temperature 
(soldering, 60 sec) 300 °C 

Output short-circuit duration indefinite 
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p1747/747C/S1747C 
IJA747/747C/SA747C-F,K,N 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ±15V unless otherwise specified. 

PARAMETER TEST CONDITIONS 
IJA747 IJA747C 

UNIT 
Min Typ Max Min Typ Max 

Vas Offset voltage Rs :5 10kO 2.0 5.0 2.0 6.0 mV 
Vas Offset voltage Rs :5 10kO, over tem p 3.0 6.0 3.0 7.5 mV 

los Offset current 20 200 20 200 nA 
los Offset current TA = +125°C 7.0 200 nA 
los Offset current TA = -55°C 85 500 nA 
los Offset current Over temp 7.0 300 nA 

IBIAS Input current 80 500 80 500 nA 
IBIAS Input current TA = 125°C 30 500 nA 
IBIAS Input current TA = -55°C 300 1500 nA 
IBIAS Input current Over temp 30 800 nA 

VOUT Output voltage swing RL 2: 2kO, over temp ±10 ±13 ±10 ±13 V 
RL 2: 10kO, over temp ±12 ±14 ±12 ±14 V 

Icc Supply current 1.7 2.8 1.7 2.8 mA 
TA = 125°C 1.5 2.5 mA 
TA = -5SoC 2.0 3.3 mA 
Over temp 2.0 3.3 mA 

Power consumption 50 85 50 85 mW 
TA = 125°C 45 75 mW 
TA = -55°C 60 100 mW 
Over temp 60 100 mW 

Input capacitance 1.4 1.4 pF 
Offset voltage adjustment range ±15 ±15 V 
Output resistance 75 75 0 

Channel separation 120 120 dB 
PSRR Supply voltage rejection 30. 150 30 150 p.V/v 

ratio Rs < 10kO, over temp 
AVOL Large signal voltage gain (DC) RL 2: 2kO VOUT = ±10V 50,000 25,000 VIV 
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p.A747/747C/SA747C~F,K,N 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ±15V unless otherwise specified. 

SA747C 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Vos Offset voltage Rs::;; 10kn 2.0 6.0 mV 
Vos Offset voltage Rs::;; 10kn, over temp 3.0 7.5 mV 

los Offset current 20 200 nA 

los Offset current Over temp 500 nA 

ISlAS Input current 1500 nA 
ISlAS Input current Over temp 500 nA 

VOUT Output voltage swing RL 2:: 2kn, over temp ±10 ±13 V 
RL 2:: 10kn, over temp ±12 ±14 V 

Icc Supply current 1.7 2.8 mA 
Over temp 2.0 3.3 mA 

Power consumption 50 85 mW 
Over ternp 60 100 rnW 

Input capacitance 1.4 pF 
Offset voltage adjustment range +15 V 
Output resistance 75 n 

Channel separation 120 dB 

PSRR Supply voltage rejection 
ratio Rs::;; 10kn, over temp 30 150 p.V/v 

Large signal voltage gain (DC) RL2:: 2kn VOUT '" ±10V 25,000 V/v 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ±15V unless otherWise specified. 

PARAMETER TEST CONDITIONS 
p.A747/p.A747C/SA747C 

UNIT 
Min Typ Max 

Transient response VIN = 20mV, R1 = 2kn, C1 < 100pf 
Risetime Unity gain CL ::;; 100pf 0.3 p's 
Overshoot Unity gain CL ::;; 100pf 5.0 % 

Slew rate RL > 2kn 0.5 V/p.s 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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DESCRIPTION FEATURES 
• Short .clrcuit p,otectlon 
• Offset voltage null capability 

The 748 is a High Performance Operational 
Amplifier featuring high gain, short circuit 
immunity, offset voltage null capability, 
simplified compensation and excellent tem­
perature stability. 

• Large common-mode and differential 
voltage ranges 

• Low power consumption 
• No latch-up 
• Mil std 883A,B,C available 

EQUIVALENT CIRCUIT 

NOTE 

All resistors values are typical and in ohms. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Supply voltage 
IJ.A748 ±22 
IJ.A748C ~ ±18 
SA748C 

Internal power dissipation1 500 
Differential output voltage ±30 
Input voltage2 ±15 
Storage temperature range -65 to +150 
Operating temperature range 

IJ.A748 -55 to +125 
IJ.A748C o to +70 
SA748C -40 to +85 

Lead temperature 300 
Output short circuit duration3 indefinite 

NOTES 

1. Rating applies for CBse temperatures to +70°C. 
2. For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 

supply voltage. 
3. Short circuit may be to ground or either supply. Rating applies to +70°C ambient 

temperature. 
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UNIT 

V 
V 

mW 
V 
V 
·C 

·C 
·G 
·C 
·C 

IJ.A748/748C/SA748C7F,N,N-14 

PIN CONFIGURATIONS 

F,N-14 PACKAGE 

F'6EF<;'si~~ut[ ;t '2 ~~~~: B 
tNVe~J~~~ 4 -

t ,OFFseT 
NULL 

ORDER PART NO. 

~A748F. ~A748N-14, ~748CF. 

SA748CF, ~A748CN-14, SA748CN-14 

N PACKAGE 

FREa. COMPo AI 1 
OFFSET NVLL 

INVERTING 2 
INPUT 

NON-INVERTING 
INPUT 3 

FREQ. 
COMPo B 

II OUTPUT 

5 OFFSET 
NULL 

ORDER PART NO. 

~A748N, ~748CN, SA748CN 

T PACKAGE 

FREQ. COMPo B 

ORDER PART NO, 

~A748T, ~A748CT 



~748/748C/SA748C-F.N.N-14 

DC ELECTRICAL CHARACTERISTICS TA = 25°C. Vs = ±15V unless otherwise specified. 

ILA748 ILA748C SA748C 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max Min Typ Max 

Rs:S 10kO. TA = 25°C 1.0 5.0 2.0 6.0 2.0 6.0 mV 
Vos Offset voltage Over temperature 6.0 7.5 7.5 mV 

los Offset current 20 200 20 200 20 200 nA 
los Offset current 25° :S TA:S T max 7.0 200 9.0 300 7.0 200 nA 
los Offset current T min:S TA:S 25°C 85 500 35 300 85 500 nA 

IBIAS Input current 80 500 80 500 80 500 nA 
IBIAS Input current 25° :S TA :S T max 30 500 40 800 30 500 nA 
IBIAS Input current Tmin:S TA:S 25°C 300 1500 130 800 300 1500 nA 

VCM Common mode voltage range Over tem peratu re ±12 ±13 ±12 ±13 ±12 ±13 'Ii 

DC ELECTRICAL CHARACTERISTICS TA = 25°C. Vs = ±15V unless otherwise specified. 

ILA748 ILA748C/SA748C 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

CMRR Common mode rejection ratio Rs :S ±10kO. over temperature 70 90 70 90 dB 

RIN Input resistance 0.3 2.0 .30 2.0 MO 

VOUT Output voltage swing RL 2: 2kO. over temperature ±10 ±13 ±10 ±13 V 
VOUT Output voltage swing RL 2: 10kO. over temperature ±12 ±14 ±12 ±14 V 

Icc Supply current 1.7 2.8 1.7 2.8 mA 
Icc Supply current 25° :S TA :S T max 1.5 2.5 1.6 3.3 mA 
Icc Supply current T min:S TA:S 25°C 2.0 3.3 1.8 3.3 mA 

Pd Power consumption TA=25°C 50 85 50 85 mW 
Pd Power consumption 25° :S TA :S T max 45 75 48 100 mW 
Pd Power consumption T min < TA < 25°C 60 100 54 100 mW 
PSRR Supply voltage rejection ratio Rs < 10kO. over temperature 30 150 30 150 ILV/V 

Output resistance TA - 25°C 75 75 0 
AVOL Large signal voltage gain RL 2: 2kO VOUT ±10V ±15V 50 200 50 200 V/mV 
AVOL Large signal voltage gain Over temperature 25 25 V/mV 

Input capacitance 1.4 1.4 pF 
Offset voltage adjustment ±15 ±15 mV 
range 

AC ELECTRICAL CHARACTERISTICS 

PARAMETER 
ILA748 ILA748C/SA748C 

TEST CONDITIONS UNIT 
Min Typ Max Min Typ Max 

Transient response (unity gain) VIN = 20mV. RL = 2kO 
CL:S 100pF 

Rise time C, = 30pF 0.3 0.3 ILS 
Overshoot 5.0 5.0 % 

Slew rate RL 2: 2kO C, = 30pF 0.5 0.5 V/ILS 
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TYPICAL CHARACTERISTIC CURVES 
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TYPICAL CHARACTERISTIC CURVES (Cont'd) 
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DESCRIPTION 
The SE/NE592 is a monolithic, two stage, 
differential output, wideband video amplifi­
er. It offers fixed gains of 100 and 400 
without external components and adjust­
able gains from 400 to 0 with one external 
resistor. The input stage has been designed 
so that with the addition of a few external 
reactive elements between the gain select 
terminals, the circuit can function as a high 
pass, low pass, or band pass filter. This 
feature makes the circuit ideal for use as a 
video or pulse amplifier in communications, 
magnetic memories, display and video re­
corder systems. The 592 is a pin-for-pin 
replacement for the p.A733. 

EQUIVALENT CIRCUIT 

FEATURES 
• 120MHz bandwidth 
• Adjustable gains from 0 to 400 
• Adjustable pass band 
• No frequency compensation required 

r---~~----~------~--~r-------~----~---o+Y 

2.4K 2.4K 10K 

~----~----~-+-------+-----4~~~~----~-<>OU~UTl 

INPUT 1 

OUTPUT 2 

400 

~--~~----~--------~------------~--~~-o-Y 

ABSOLUTE MAXIMUM RATINGS TA = 25°C unless otherwise specified. 

PARAMETER RATING UNIT 

Supply voltage ±8 V 
Differential input voltage ±5 V 
Common mode 

I nput voltage ±6 V 
Output current 10 mA 
Operating temperature range 

SE592K -55 to +125 °C 
NE592K o to +70 °C 

Storage temperature range -65 to +150 °C 
Power dissipation 500 mW 

SI!IDotil=S 

NE/SE592-F,K,N 

PIN CONFIGURATION 

F,N PACKAGE 

INPUT 2 1 INPUT 1 

NC 

G2A GAIN 
SELECT G2S~~:~~ 3 

G1~~EA~~ 4 11 :~tE~~IN 
Y- 5 

OUTPUT 2 7 

INPUT 2 

G2B GAIN 
SELECT 

NOTE 

K PACKAGE 

Y-

Pin 5 connected to case. 

v+ 

Y+ 
OUTPUT 1 
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VIDEO AMPLIFIER 

DC ELECTRICAL CHARACTERISTICS TA = +25°C, Vs = ±6V, VCM =0 unless otherwise specified 
Recommend operating supply voltages Vs = ±6.0V 

NE592 SE592 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ 

Differential voltage gain 
Gain 11 Rl = 2kn, VOUT = 3V p-p 250 400 600 300 400 
Gain 22 80 100 120 90 100 

Bandwidth 
Gain 11 40 40 
Gain 22 90 90 

Rise time 
Gain 11 VOUT = 1V p-p 10.5 10.5 
Gain 22 4.5 12 4.5 

Propagation delay 
Gain 11 VOUT = 1V p-p 7.5 7.5 
Gain 22 6.0 10 6.0 

Input resistance 
Gain 11 4.0 4.0 
Gain 22 10 30 20 30 

Input capacitance2 Gain 2 2.0 2.0 
Input offset current 0.4 5.0 0.4 
Input bias current 9.0 30 9.0 
Input noise voltage BW 1kHz to 10kHz 12 12 
Input voltage range ±1.0 

Common mode rejection ratio 
Gain 2 VCM ±1V,F < 100kHz 60 86 60 86 
Gain 2 VCM ±1V,F = 5MHz 60 60 

Supply voltage rejection ratio 
Gain 2 tNS = ±0.5V 50 70 50 70 

Output offset voltage 
Gain 33 RL = '" 0.35 0.75 0.35 

Output common mode voltage RL = '" 2.4 2.9 3.4 2.4 2.9 
Ouptut voltage swing RL = 2K 3.0 4.0 3.0 4.0 
Ouput resistance 20 20 
Power supply current RL = '" 18 24 18 

NOTES 

1. Gain select pins G1A and G1B connected together. 
2. Gain select pins G2A and G28 connected together. 
3. All gain select pins open. 
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NE/SESI! 

NE/SE592-F,K,N 

UNITS 
Max 

500 V/V 
110 V/V 

MHz 
MHz 

ns 
10 ns 

ns 
10 ns 

kn 
kn 
pF 

3.0 p.A 
20 p.A 

p.Vrms 
±1.0 V 

dB 
dB 

dB 

0.75 V 
3.4 V 

n 
24 mA 



TYPICAL PERFORMANCE CHARACTERISTICS 

COMMON MODE REJECTION 
RATIO AS A FUNCTION OF FREQUENCY 
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NE/SES92-F,K,N 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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vlDlO AMPLlFllR 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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TYPICAL APPLICATIONS 

2 •• 

v, 

Vo (s) 1.4 X 104 

V, (s) Z(s) + 2re 

1.4X104 

Z(s) +32 

+0 

-6 

Vo 

BASIC CONFIGURATION 

FILTER NETWORKS 

Z NETWORK 

R L 

~ 

R c 
~I------<> 

R L c 
~I--o 

L 

~ 
NOTE 

In the networks above, the R value used is 
assumed to include 2re, or approximately 320. 

DISCITAPE PHASE MODULATED READ BACK SYSTEMS 

+5 

Q 

AMPLITUDE: 
FREQUENCY: 

READ HEAD I DIFFERENTIATOR/AMPLI~R ZERO CROSSING DETECTOR 
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FILTER 
TYPE 

LOW PASS 

HIGH PASS 

BAND PASS 

BAND REJECT 

NElSE592-F,K,N 

Vo (s) TRANSFER 
V, (5) FUNCTION 

1.4X104 [~+lR/J ---
L 

1.4X104 [~+ :/RCJ 
---

R 

1.4X104 [ s J 
L s2 + R/L s + 1/LC 

1.4X104[ s2+1/LC ] 

R S2 + 1/LC + s/RC 

DIFFERENTIATION WITH 
HIGH COMMON MODE 

NOISE REJECTION 
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IKfivo 

-6 

FOR FREQUENCY F1 «112 1r (32) C 
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DIFFERENTIAl VIDEO AMPliFIER 

DESCRIPTION 
The 733 is a monolithic differential input, 
differential output, wideband video amplifi­
er. It offers fixed gains of 10,100 or 400 
without external components, and ad­
justablegains from 10to 400 by the use of an 
external resistor. No external frequency 
compensation components are required for 
any gain option. Gain stability, wide band­
width and low phase distortion are obtained 
through use of the classic series-shunt 
feedback from the emitter follower outputs 
to the inputs of the second stage. The emit­
ter follower outputs provide low output im­
pedance, and enable the device to drive ca­
pacitive loads. The 733 is intended for use as 
a high performance video and pulse amplifi­
er in communications, magnetic memories, 
display and video recorder systems. 

CIRCUIT SCHEMATIC 

FEATURES 
• 120MHz bandwidth 
• 250kO input resistance 
• Selectable gains of 10,100 and 400 
• No frequency compensation required 
• Mil std 883A,B,C available 

r---~--------~----~----~----~~----~~v+ 

INPUT 1 

GAIN 
SELECT 

{
G 1A 

G2A 

R, 
2.4kU 

R. 
10kH 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Differential input 
Voltage 

Common mode input 
Voltage 

Vee 
Ouput current 
Junction temperature 
Storage temperature range 
Operation temperature range 

I'A733C 
I'A733 

PD Power dissipation 
K package 
N, F package 

R. 
1.1kn 

t-----+-OO0UTPUT 1 

OUTPUT 2 

RATING UNIT 

±5 V 

±6 V 

±8 V 
10 mA 

+150 °C 
-65 to +150 °C 

o to +75 °C 
-55 to +125 °C 

500 mW 
670 mW 

SmnotiGS 

JlA733 7]]r: 

I'A733/733C-F,K,N 

PIN CONFIGURATION 

F,N PACKAGE 

INPUT 2 1 INPUT 1 

He 

G2A GAIN 
SELECT 

11 ~~tE~~IN 

OUTPUT 2 7 

INPUT 2 

G2A GAIN 
SELECT 

K PACKAGE 

y-

NOTE 

y+ 

y+ 

OUTPUT 1 

Pin 5 connected to case. 
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,uA733/733C-F,K,N 

DC ELECTRICAL CHARACTERISTICS TA = +25°C, Vs = ±V, VCM = 0 unless otherwise specified. 
Recommended operating supply voltages Vs = ±.6.0V. 

,uA733C ,uA733 
UNITS PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 

Differential voltage gain 
Gain 11 250 400 600 300 400 500 V/V 
Gain 22 RI = 2kO, Your = 3Vp-p 80 100 120 90 100 110 V/V 
Gain 33 8.0 10 12 9.0 10 11 V/V 

f---
Bandwidth 

Gain 11 40 40 MHz 
Gain 22 90 90 MHz 
Gain 33 120 120 MHz 

Rise time 
Gain 11 10.5 10.5 ns 
Gain 22 Your = 1Vp-p 4.5 12 4.5 10 ns 
Gain 33 2.5 2.5 ns 

Propagation delay 
Gain 11 7.5 7.5 ns 
Gain 22 Your = 1Vp-p 6.0 10 6.0 10 ns 
Gain 33 3.6 3.6 ns 

Input resistance 
Gain 11 4.0 4.0 kO 
Gain 22 10 30 20 30 kO 
Gain 33 250 250 kO 

Input capacitance2 Gain 2 2.0 2.0 pF 
Input offset current 0.4 5.0 0.4 3.0 ,uA 
Input bias current 9.0 30 9.0 20 ,uA 
Input noise voltage BW = 1kHz to 10MHz 12 12 ,uVrms 
Input voltage range ±1.0 ±1.0 V 

Common mode 
Rejection ratio 

Gain 2 VCM = ±V,f:5 100kHz 60 86 60 86 dB 
Gain 2 VCM == ±1V,F = 5MHz 60 60 dB 

Supply voltage 
Rejection ratio 

Gain 2 t:..Vs = ±0.5V 50 70 50 70 dB 

Output offset voltage 
Gain 11 RL=oo 0.6 1.5 0.6 1.5 V 
Gain 2 and 32,3 0.35 1.5 0.35 1.0 V 

Output common mode voltage RL=;" 2.4 2.9 3.4 2.4 2.9 3.4 V 
Output voltage swing RL = 2k 3.0 4.0 3.0 4.0 
Output sink current 2.5 3.6 2.5 3.6 mA 
Output resistance 20 20 0 
Power supply current RL±oo 18 24 18 24 mA 

NOTES 

1. Gain select pins G1A and G18 connected together. 
2. Gain select pins G2A and G28 connected together. 
3. All gain select pins open. 
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IJIHERENTIAI VIDEO AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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DIFFERENtiAL VIDEO AMP EIflER 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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SECTion 5 
VOlTAGE REGUlATORS 
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DESCRIPTION 
The LM109/209/309 are complete 5 volt 
regulators fabricated on a single silicon 
chip. These regulators are designed for 
local "on card" regulation to eliminate many 
of the noise and ground loop problems 
associated with single-point regulation. 
They employ internal current limiting, ther­
mal shutdown, and safe-area compensation 
which makes the circuitry essentially blow­
out proof. If adequate heat sinking is pro­
vided, the devices can deliver output cur­
rents in excess of 200mA from the TO-5 
package, and 1A from the TO-3 package. In 
addition to their use as fixed 5 volt regula­
tors, these devices may be used with exter­
nal components to obtain adjustable output 
levels. They may also be used as the power 
pass element in precision regulators. 

LM~109/209/309-DA,DB 

FEATURES PIN CONFIGURATION 
• Output currents in excess of 1mA 
• Internal thermal overload protection DB PACKAGE (TO-5). 

• Internal current limiting 
• No external components required 
• LM109 military qualifications pending 

ORDER PART NOS. LM109DB/LM209DB/LM309DB 

DA PACKAGE (TO-3) 

COMMOQ(3) OUTPUT (2) 

o 0 

INPUT (1) 

CASE IS CONNECTED TO GROUND. 

ORDER PART NO. LM109DAlLM209DA/LM309DA 

EQUIVALENT CIRCUIT 

INPUTo-~----~,-------~~---------,--------~,---~ 

Q19 

R14 
O.3n 

OUTPUT 

~--~--~----__ ----~~--~------__ --~~--~~OGND 
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ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Input voltage 35 V 
Power dissipation Internally limited 
Operating junction temperature range 

LM109 -55 to 150 °C 
LM209 -25 to 150 °C 
LM309 o to 125 °C 

Storage temperature range -65 to 150 °C 
Lead temperature (soldering, 10 sec) 300 °C 

DC ELECTRICAL CHARACTERISTICS T J = 25°C, VIN = 10V unless otherwise specified1,2 

PARAMETER TEST CONDITIONS 

Output voltage 
Line regulation 7V <VIN < 25V 
Load regulation 

TO-5 5mA :5 lOUT :5 0.5A 
TO-3 5mA < lOUT < 1.5A 

Output voltage 5mA:5 IOUT:5 I max' P<Pmax'overtemp. 
SV :5 VIN :5 20V 
7V :5 VIN :5 25V 

Quiescent current 7V :5 VIN :5 25V, over temp. 
Quiescent current change 5mA :5 lOUT :5 Imax 

SV :5 VIN :5 25V 
7V < VIN < 25V 

Output noise voltage 10Hz < f < 100kHz 
Long term stability 

Thermal resistance junction to case 2 
TO-5 
TO-3 

NOTES 
1. Unless otherwise specified, lOUT = O.1A for the TO-S package or lOUT =O.SA forthe 

TO-3 package. For the TO-S package, I max = O.2A am;! Pmax = 2.0W. For the TO-3 
package, Imax = 1.0A and Pmax = 20W. 

2. Without a heat sink, the thermal resistance of the TO-5 package is abouf1 SO' CIW; 
while that of the TO-3 package is approximately 3S·CIW. With a heat sink, the effective 
thermal resistance can only approach the values specified, depending on the 
efficiency of the" sink. . 
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LM109/LM209 

Min Typ Max 

4.7 5.05 5.3 
4 50 

20 50 
50 100 

4.6 5.4 

5.2 10 
0.5 
O.S 

40 
10 

15 
3 

LM109/209/309-DA,DB 

LM309 
UNIT 

Min· Typ Max 

4.S 5.05 5.2 V 
4 50 mV 

20 50 mV 
50 100 mV 

V 
4.75 5.25 V 

5.2 10 mA 
0.5 mA 

mA 
O.S mA 

40 p.V 
20 mV 

15 °C/W 
3 °C/W 



TYPICAL PERFORMANCE CHARACTERISTICS 

50 

20 

10 

MAXIMUM AVERAGE 
POWER DISSIPATION 
LM109/LM209 (TO-3) 

INFINITE HEAT SINK 

~'~(O ~ 
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I--"O"e: 
p:-..;~I( "- \ 

\ \ 
............. 

i'-.. 1\ \ 
0.5 

.5 50 15 100 125 

AMBIENT TEMPERATURE-o C 

MAXIMUM AVERAGE 
POWER DISSIPATION 

LM309 (TO-5) 
10 

o. 

INFINITE HEAT SINK 

~"'~"J 1\ o ~(O 
"'0 ,I J Iy~ r--.:~'I> r" '..,,,, 

t-t-'~"'''' I--~ 't",,~\ , I\, \ 
['\. \ 

1 r\ 1,\ 
25 50 15 100 125 

AMBIENT TEMPERATURE-<> C 

PEAK OUTPUT CURRENT 
DB PACKAGE (TO-5) 

150 

150 

VOUT! 4.5V 

.. 3 

/ ~ 
W 
II: 
II: 

il 2 

~ 
::> 
o 

1 

o 

............... 
~~ l--

r r-.... ...... ~·c 

II -.. 
I-- ..!J"l.""'" c_ 

~ -=--r- lj,];-- ::::::-I... C -

1j'F 
5 10 15 20 25 30 35 

INPUT VOL TAGE-V 

MAXIMUM AVERAGE 
POWER DISSIPATION 

LM309 (TO-3) 
50 

INFINITE HEAT SINK 
20 

"''11(,1 ~ 
o~'~(o 
~£"~~t $,,,,,,, 

~o'>$ 
IvOlte. " \ 

t---4TS
'"" 

\ 
........... 

I'-.. ~j 

0.5 
25 50 15 100 125 150 

AMBIENT TEMPERATURE-o C 

OUTPUT IMPEDANCE 

10 1 
V,N:; 10V 

TA 25° C 

10 0 L 

/ /' 

10- '1== IL 20mA ./ 

F- Il - 500mA 

10-2 
10 100 lk 10k lOOk 1M 

FREOUENCY-Hz 

RIPPLE REJECTION 

20L-_-L __ ~_~~_-L_~ 

10 100 1k 10k lOOk 1M 

FREOUENCY-Hz 

SI!)DotiCS 

LM109/209/309-DA,DB 

10 

1.0 

MAXIMUM AVERAGE 
POYlER DISSIPATION 
LM109/LM209 (TO-5) 

INFINITE HEAT SINK 

r--- i"- ~"'~"/~J r\ 
r- 0" -.. 

i"- r"'0~~ ~"'t81" 

0.1 
25 

r-.. 'I> ~'t 8,,,,,,, &"">_ I'r: ..... L'L 
.1 

'\ I~ 
50 15 100 125 150 

AMBIENT TEMPERATURE-<> C 

PEAK OUTPUT CURRENT 
DA PACKAGE (TO-3) 

INPUT VOL TAGE-V 

DROPOUT VOLTAGE 

2.5 "-"I,.-,r-,-,..--, 

2.0 I-::::I:::r-t="'t--.::il::::-t 

0.5 t-+-1r-+-1-+--t--F""t--J 

-50 -25 25 50 75 100 125 150 

JUNCTION TEMPERATURE-o C 
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DESCRIPTION 
The LM340 series of 3-terminal regulators is 
available with several fixed output voltages 
making them useful in a wide range of 
applications. One' of these is local on card 
regulation, eliminatin"g the distribution 
problems associated with single point regu­
lation. The voltages available allow these 
regulators to be used .in logic systems, 
instrumentation, HiFi, and other solid state 
electronic equipment. Although designed 
primarily as fixed voltage regulators these 
devices can be used with external compo­
nents to obtain adjustable voltages. 

EQUIVALENT SCHEMATIC 

FEATURES 
• Output current In excess of 1A 
• Internal thermal overload protection 
• No external components required 
• Output transistor safe area protection 
• Internal short circuit current limit 
• Available in plastic TO-220 and metal 

TO-3 packages 

r---.------~-----___1t_-___1t__O INPUT 

Q16 

.,. 
'k 

.,6 
.3 

OUTPUT 

.17 . , 
30k 

.,8 
2.4k 

GND 3 
NOTE All resistor values are in ohms .. 
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LM340-DA,U 

PIN CONFIGURATION 

U PACKAGE (TO-220) 
(Top View) 

~ 
QUTPUT(.) 

~§: ~r COMMON (3) 

INPUT (1) 

ORDER INFORMATION 
OUTPUT ORDER 

VOLTAGE PART NO. 

SV LM340-SU 
6V LM340-6U 
8V LM340-8U 

12V LM340-12U 
1SV LM340-1SU 
18V LM340-18U 
24V LM340-24U 

DA PACKAGE (TO-3) 
(Top View) 

'~.~-" 
o 0 

. INPUT(1} 

ORDER INFORMATION 
OUTPUT ORDER 

VOLTAGE PART NO • 

SV LM340-SDA 
6V LM340-6DA 
8V LM340-8DA 

12V LM340-12DA 
1SV LM340-1SDA 
18V LM340-18DA 
24V LM340-24DA 



ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Input voltage 
Va = 5V through lSV 35 
Va = 24V 40 

Internal power dissipation1 Internally limited 
Operating temperature range o to 70 
Maximum junction temperature 

TO-3 package 150 
TO-220 package 150 

Storage temperature range -65 to +150 
lead temperature 

TO-3 package (soldering 10sec) 300 
TO-220 package (soldering, 10sec) 230 

NOTE 
1. Thermal resistance without a heat sink for junction to case temperature is 4° e/W for 

the TO-3 package and 6°CIW for the TO-220 package. Thermal resistance for case to 
ambient temperature is 35° elW for the TO-3 package and 50° C/W for the TO-220 
package. 

UNIT 

V 
V 

°e 

°e 
°e 
°e 

°e 
°e 

DC ELECTRICAL CHARACTERISTICS lOUT = 500mA, (Ooe:::; TA:::; 700 e) unless otherwise specified. 

LM340-S LM340-6 LM340-8 
PARAMETER TEST CONDITIONS 

Typ Min Typ Max Min Typ Max Min Max 

Output voltage TJ = 25°e VIN = 10V V1N = l11V VIN = 14V 
4.S I 5 I 5.2 5.75 1 6 1 6.25 7.7 I S I S.3 

PD =:::; 15W 7V:::; VIN:::; 20V SV I VIN :::;121 V 10.5V:::; VIN I:::; 23V 
5mA :::; lOUT:::; 1.0A 4.75 1 1 5.25 5.7 6.3 7.6 1 S.4 

line regulation TJ = 25°e 7V:::; VIN:::; 25V SV :::; VIN :::; 25V 10.5V:::; VIN :::; 25V 
lOUT = 100mA 50 60 SO 
lOUT = 500mA 100 120 160 

load regulation TJ - 25°e 
5mA :::; lOUT:::; 1.5A 100 120 160 

Quiescent current 
TJ = 25°e 4.2 10 4.2 10 4.2 10 

Quiescent current 7V:::; VIN:::; 25V SV:::; VIN:::; 25V 10.5V:::; VIN:::; 25V 
change 1.3 1.3 1 

5mA :::; lOUT:::; 1.5A .5 .5 .5 

Output noise TJ = 25°e 
voltage 10Hz:::; f:::; 100kHz 40 45 52 
Voltage drift mV/l000 Hrs. 20 24 32 
Ripple rejection lOUT - 20mA 

60 57 55 
f = 120Hz 

Dropout voltage TJ - 25°e 
2 2 2.5 

SmootiCS 

lM340-DA,U 

UNIT 

V 

V 

mV 

mV 

rnA 

rnA 

rnA 

p.A 

mV 

dB 

V 
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LM340-DA,U 

DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = 500mA, !O°C ~ TA ~ 70°C) unless otherwise specified. 

LM340-12 LM340-1S LM340-18 LM340-24 
PARAMETER TEST CONDITIONS Min Typ Max Min Typ Max Min Typ Max Min Typ Max UNIT 

Output voltage TJ = 25°C VIN = 19V VIN = 23V VIN =27V VIN = 33V 
11.51 12 112.5 14.41 15 j 15.6 17.31 18 118.7 23 1 24 125 V 

Po = ~ 15W 14.5Vt V'NI~ 27V 17.5V ~ VIN::; 30\1 21V ~ VIN ::; 33V 27V I~ VIN ~ 38V 
5mA ~ lOUT ~ 1.0A 11.4 12.6 14.251 '115.75 17.1 1 118.9 22.8 125.2 V 

Line regulation TJ = 25°C 14.5V ~ VIN ~ 30V 17.5V ~ VIN ~ 30V 21V ~ VIN ~ 33V 27V ~ VIN ~ 38V 
lOUT = 100mA 120 1S0 180 240 mV 
lOUT = SOOmA 240 300 360 480 mV 

Load regulation TJ - 2SoC 240 300 360 480 mV 
SmA ~ lOUT ~ 1.SA 

Quiescent current TJ = 25°C 4.2 10 4.2 10 4.2 10 4.2 10 mA 

14.SV ~ VIN ~ 30V 17.SV ~ VIN ~ 30V 21V ~ VIN S 33V 27V ::; VIN ~ 38V 
Quiescent current 1 1 1 1 mA 
change SmA ~ lOUT::; 1.5A .4 .S .S .S mA 

Output noise TJ = 25°C 
voltage 10Hz ~ f ~ 100kHz 7S 90 110 170 ",V 
voltage drift mV/1000 Hrs. 48 60 72 96 mV 

Ripple rejection lOUT = 20mA S2 SO 48 44 dB 
f = 120Hz 

Dropout voltage TJ - 25°C V 
2.S 2.S 3 3 
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OBJECTIVE SPECIFICATION 

DESCRIPTION 
The NElSE5551, 2, 3, 4, 5 are dual polarity 
tracking regulators designed to produce 
balanced or unbalanced output voltages 
from 5 to 20 volts with up to 300 mA output 
current. Similar in specifications to the 
78MXX and 79MXX fixed regulators, the 
5551 series can be continuously adjusted, 
balanced or unbalanced. Standard fixed 
voltages available are ±5, ±6, ±12, ±15, and 
+5, -12 volts. Employing current limiting 
and thermal shutdown protection, these 
dual polarity regulators are ideal for local 
on-card regulation. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

VIN input voltage 

TSG storage temperature 
T J operating junction temperature 

NE5551 ,2,3,4,5 
SE5551 ,2,3,4,5 

Lead temperature 10 sec. 

BLOCK DIAGRAM 

FEATURES 
• Output current to 300mA 
• Internally current limited 
• Thermal overload protected 
• Input voltage to ±32V 
• Output balance 1% typo 
• Extemal balance control 
• Continuously adjustable from 5 to 20 

volts, balanced or unbalanced 
• No extemal components required 
• Short circuit current 400mA 
• Heat sink available for Increased power 

dissipation 

RATING UNIT 

±32 V 

-65 to +150 ·C 

o to +125 ·C 
-55 to +150 ·C 

300 ·C· 

>-------.,.---0 +YOUT 

'-----------------1>----0 BALANCE 

GNDQ-----+-------, 

,-----+-----0 CONTROL 

>--------'---0 -YOUT 

9~nDtIC!i 

NE/SE5551/2/3/4/5-N,T 

PIN CONFIGURATIONS 

N PACKAGE 

ORDER PART NUMBERS 

VOLTAGE PART NO. 

±5V SE/NE5551N 
±6V SE/NE5552N 
±12V SE/NE5553N 
±15V SE/NE5554N 
+5, -12V SElNE5555N 

T PACKAGE 

+VOUT 

ORDER PART NUMBERS 

VOLTAGE PART NO. 

±5V SElNE5551T 
±6V SElNE5552T 
±12V SElNE5553T 
±15V SElNE5554T 
+5. -12V SElNE5555T 

Power dissipation (without heat sink) 
T Package 2.OW 
N Package 2.0W 
New power package pending for over 8W dissipation. 
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OaJECTIVE SPECIFICATION NE/SE555112/3/4/5-N,T 

DC ELECTRICAL CHARACTERISTICS Y,N = ±20V, IL = 100mA, TJ = 25°C, 
C,N = COUT = 0.11'F unless otherwise specified. 

PARAMETER TEST CONDITIONS 
SE5551 NES551 

Min Typ Max Min Typ Max 
UNIT 

+4.8 +5 +5.2 +4.8 +5 +5.2 
Your Output voltage -5.2 +5 -4.8 -5.2 -5 -4.8 V 

Line regulation ±20 ::;; Y,N ::;; ±30V 100 150 100 300 mV 
Load regulation 1mA::;; ILoad:;; 50mA 5 15 5 25 mV 

1 mA :;; I Load :;; 200mA 15 50 15 100 mV 

Your Output voltage 1mA::;; 'L::;; 100mA +4.7 +5 +5.3 +4.7 +5 +5.3 V 
±20V:;; Y,N ::;; ±30V over temp.1 -5.3 -5 -4.7 -5.3 -5 -4.7 V 

10+ Positive quiescent current ILoad = 0 1.70 3.5 1.70 3.5 mA 
10- Negative quiescent current ILoad = 0 5.6 8.5 5.6 8.5 mA 

Input/output differential voltage 7 7 V 
VBAL Output voltage balance .2 .2 V 

Output noise voltage 100Hz to 10kHz 55 55 I'VRMS 

Ipeak Peak output current 400 400 mA 
Temperature stability of 1 1 mV/oC 

output voltage 

DC ELECTRICAL CHARACTERISTICS (Cont'd) 

PARAMETER TEST CONDITIONS 
SE5552 NE5552 

UNIT 
Min Typ Max Min Typ Max 

+5.75 +6 +6.25 +5.75 +6 +6.25 
Your Output voltage -6.25 -6 -5.75 -6.25 -6 -5.75 V 

Line regulation ±20 :;; Y,N ::;; +30V 100 150 100 300 mV 
Load regulation 1 mA :;; ILoad :;; 50mA 5 15 5 25 mV 

1 mA ::;; I Load:;; 200mA 15 50 15 100 mV 

Your Output voltage 1mA::;; 'L:;; 100mA +5.7 +6 +6.3 +5.7 +6 +6.3 V 
+20V < Y,N < +30V over temp.1 -6.3 -6 -5.7 -6.3 -6 -5.7 V 

10+ Positive quiescent current ILoad = 0 1.70 3.5 1.70 3.5 mA 
10- Negative quiescent current ILoad = 0 5.6 8.5 5.60 8.5 mA 

Input/output differential voltage 6 6 V 
VBAL Output voltage balance .2 .2 V 

Output noise voltage 100Hz to 10kHz 55 55 I'Vrms 

IPeak Peak output current 400 400 mA 
Temperature stability of 1 1 mV/oC 

output voltage 

DC ELECTRICAL CHARACTERISTICS (Cont'd) 

SE5553 NE5553 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 
UNIT 

+11.5 +12 +12.5 +11.5 +12 +12.5 
VOUT Output voltage -12.5 -12 -11.5 -12.5 -12 -11.5 V 

Line regulation ±20 :;; Y,N ::;; ±30V 100 150 100 300 mV 
Load regulation 1 mA :;; ILoad :;; 50mA 10 25 10 50 mV 

1mA:;; ILoad :;; 200mA 30 100 30 200 mV 

Your Output voltage 1mA::;; 'L:;; 100mA +11.4 +12 +12.6 +11.4 +12 +12.6 V 
±20V:;; V,N:;; ±30V over temp.1 -12.6 -12 -11.4 -12.6 -12 -11.4 V 

10+ Positive quiescent current ILoad - 0 1.70 3.5 1.70 3.5 mA 
10- Negative quiescent current ILoad = 0 5.60 8.5 5.60 8.5 mA 

Input/output differential voltage 2.5 2.5 V 
VBAL Output voltage balance .2 .2 V 

Output noise voltage 100Hz to 10kHz 55 55 I'Vrms 

IPeak Peak output cu rrent 400 400 mA 
Temperature stability of 1 1 mV/oC 

output voltage 
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DUAL -POLARITY REGULATOR NE/SESSSl/SSS2t~5S4[5555~~ 

OBJECTIVE SPECIFICATION NE/SE5551/2/3/4/5-N,T 

DC ELECTRICAL CHARACTERISTICS (Cont'd) VIN = ±20V, IL = 100mA, TJ = 25°C, 
CIN - COUT = 0 1J.1F unless otherwise specified -

PARAMETER TEST CONDITIONS 

VOUT Output voltage 

Line regulation ±20 :5 VIN :5 ±30V 
Load regulation 1 mA :5 I Load :5 SOmA 

1 mA :5 I Load :5 200mA 

VOUT Output voltage 1mA:5 IL:5 100mA 
±20V :5 VIN:5 ±30V over temp.1 

10+ Positive quiescent current ILoad = () 
10- Negative quiescent current ILoad = 0 

Input/output differential voltage 
VSAL Output voltage balance 

Output noise voltage 100Hz to 10kHz 

Ipeak Peak output cu rrent 
Temperature stability of 

output voltage 

DC ELECTRICAL CHARACTERISTICS (Cont'd) 

PARAMETER 

VOUT Output voltage 

Line regulation 
Load regulation 

VOUT Output voltage 

10+ Positive quiescent current 
10- Negative quiescent current 

Input/output differential voltage 
VSAL Output voltage balance 

Output noise voltage 

Ipeak Peak output current 
Temperature stability of 

output voltage 

NOTES 
1. Junction temperature range' 

SE prefix -55'C < TJ < 150'C 
NE prefix O°C <TJ < 125°C 

2. CIN needed only when isolated from filter capacitors 

TEST CONDITIONS 

±20 :5 VIN :5 ±30V 
1mA:5 ILoad:5 SOmA 

1 mA :5 ILoad :5 200mA 

1mA:5 IL :5100mA 
±20V:5 VIN:5 ±30V over temp.1 

ILoad = 0 
ILoad = 0 

100Hz to 10kHz 

COUT needed only if dynamiC regulat"ion is to be Improved. 
3. Thermal resistance, DIP 

6JA = 95'CIW 6JC = 35'CIW. TO-5 

6JA = 150' C/W 6JC = 25' C/W 

Si!lnotiCs 

SE5554 

Min Typ Max Min 

+14.4 +15 +15.6 +14.4 
-15.6 -15 -14.4 -15.6 

100 150 
10 25 
30 100 

+14.25 +15 +15.75 +14.25 
-15.75 -15 -14.25 -15.75 

1.70 3.5 
5.60 8.5 

2.5 
.2 
55 

400 
1 

SE5555 

Min Typ Max Min 

+4.8 +5 +5.2 +4.8 
-12.5 -12 -11.5 -12.5 

100 150 
10 25 
30 100 

+4.7 +5 +5.3 +4.7 
-12.6 -12 -11.4 -12.6 

1.70 3.5 
5.60 8.5 

2.5 
.2 
55 

400 
1 

NE5554 

Max 
UNIT 

Typ 

+15 +15.6 
-15 -14.4 V 

100 300 mV 
10 50 mV 
30 200 mV 

+15 +15.75 V 
-15 -14.25 V 

1.70 3.5 mA 
5.60 8.5 mA 

2.5 V 
.2 V 
55 J.lVrms 

400 mA 
1 mV/oC 

NE5555 
UNIT 

Typ Max 

+5 +5.2 
-12 -11.5 V 

100 300 mV 
10 50 mV 
30 200 mV 

+5 +5.3 V 
-12 -11.4 V 

1.70 3.5 mA 
5.60 8.5 mA 

2.5 V 
.2 V 
55 J.lVrms 

400 mA 
1 mV/oC 
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OBJECTIVE SPECIFICATION 

TYPICAL PERFORMANCE CHARACTERISTICS 
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4. Device capability in free air, 
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RIPPLE REJECTION 
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01 ilL POLARITY REGULATOR NE/SESSSl/SSS2/S5§jjSSS4/SSSS 
OBJECTIVE SPECIFICATION 

BLOCK DIAGRAM 

Rl and R2 adjust +Vour 
with respect to -Your 
R3 and R4 adjust -Your 
From -5V to -20V 

NOTES 

C, 
O.11.JF1 

-=l=-

O.~: .. * 

TYPICAL CONNECTION 

+VOUT 

+VIN 
k c, 
~O.1J..!F2 

BALANCE 

GND SE/NE5554 

CONTROL 

A' 
-YIN 

-Your 

C~2L 
O.11J.F2 

1. Required if regulator is operated any distance from filter capacitor. 
2. Not required for stability, but improves dynamic regulation. 

TYPICAL APPLICATIONS 

HIGH CURRENT TRACKING REGULATOR 

+,N 

GND 

-,N 

2N4906 

~~Q1 

2.m 
+'N +OUT 

A1 _IO.1J,lF 

NE/SE555X 

"2 
::!: O.1f../F 

-'N 
2.70 

i\Q2 
2N3055 

VBE 
Rl=R2=~~~~~~~ ___ 

IREG(max) (f3 + 1) - 'outCmax) 

For 

/3(0);::: lout (max) 

'reg (rna)!) 

Si!lDotiCS 

-OUT 

NE/SE5551/2/3/4/5-N,T 

+VOUT 

A1 

A2 

A' 

-Your 
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DESCRIPTION 
The 550 is a precision monolithic voltage 
regulator capable of positive or negative 
supply operation as series, shunt, switching 
or floating regulator. Guaranteed line regu­
lation is provided for input voltages ranging 
from 8.5 volts to as high as 50 volts. The 
output voltage can be continuously adjust­
ed from 2 volts to 40 volts. Foldback current 
limiting can be accomplished through the 
use of one external resistor. Internal circuit­
ry permits on and off strobing with DTL and 
TTL logic inputs and latched shut-down 
with a pulsed input. 

CIRCUIT SCHEMATIC 

INVERTING 
INPUT 

NON­
INVERTING 
INPUT 

EQUIVALENT CIRCUIT 

FEATURES 
• Une regulation guaranteed over input 

voltage range of 8.S volts to as high as SO 
volts. 

• Output voltage continuously adjustable 
from 2 volts to 40 volts 

• .01% line and load regulation 
• Adjustable limiting of short circuit cur­

rent 
• Foldback current limiting with one exter­

nal resistor 
• Remote and latching shutdown 
• Output current up to 150mA without ex­

ternal power transistors 
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ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Voltage from V+ to V-
SE550 50 
NE550 40 

Input-output voltage differential 
SE550 45 
NE550 37 

Maximum output current 
SE550 150 
NE550 150 

Current from Vz 
SE550 15 
NE550 15 

Internal power dissipation1 

SE550 800 
NE550 800 

Operating temperature range 
SE550 -55 to +125 
NE550 o to 70 

Storage temperature range 
SE550 -65 to +150 
NES50 -65 to +150 

Lead temperature 
SE550 300 
NE550 300 

NOTE 
1. Rating applies for case temperatures to 125°C; derate linearly at 6.5mWfOC for 

ambient termperature above +75°C. 

SE/NESSO 
SElNE550-F,L,N 

UNIT 

V 
V 

V 
V 

mA 
mA 

mA 
mA 

mW 
mW 

°C 
°C 

°C 
°C 

°C 
°C 

DC ELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise specified.1•2 

PARAMETER TEST CONDITIONS 

Line regulation VIN = 8.5 to 40V 
O°C:O; TA:O; 70°C, VIN = 12 to 40V 

V,N = 12 to 40V 
V,N = 8.5 to 50V 

-55°C:O;TA.:O;+125°C, V'N= 12t040V 
Load regulation IL = lmA to SOmA 

O°C:o; TA:O; 70°C 
-55°C:O; TA :0; +125°C 

Ripple rejection f = 50Hz to 10kHz 
CREF = 0 

CREF = 5/LF 
Average temperature coefficient -55° :0; TA:O; +125°C 
of output voltage O°C:O; TA:O; 70° 

Short circuit limit RSC = 10{}, VOUT = 0 

Reference voltage 
Output noise voltage BW = 100Hz to 10kHz, .CREF = 0 

BW = 100Hz to 10kHz, CREF = 5/LF 
Long term stability. 
Standby current drain IL = 0, VIN = 50V 

IL = 0, VIN = 40V 
Input voltage range 
Output voltage range 

Input-output voltage 
differential 

NOTES 
1. V,N = v+ = Vc = 12V. v- = OV. VOUT = 5V.IL = 1mA, Rsc = O,GI = 100pF. and divider 

impedance as seen by error amplifier ::= 2kn. 

NESSO SESSO 
UNIT 

Min Typ Max Min Typ Max 

.08 0.3 %VOUT 
0.35 %VOUT 

0.05 0.1 %VOUT 
0.2 0.6 %VOUT 

0.25 %VOUT 

.03 0.2 0.03 .10 %VOUT 
0.4 %VOUT 

.6 %VOUT 

dB 
75 75 dB 
90 90 dB 

.002 .012 %/oC 
.002 .015 %/oC 

50 60 70 50 60 70 mA 

1.58 1.63 1.73 1.58 1.63 1.68 V 
20 20 /LVrms 
2.5 2.5 /LVrms 

0.1 %/1000hrs. 
1.3 2.0 mA 

1.6 3.0 mA 

8.5 40 8.5 50 V 
2.0 40 2.0 37 V 

3.0 38 3.0 45 V 

2. The load and line regulation specifications are for constant temperature Junction. 
Temperature drift effects must be taken into account separately when the unit is 
operating under conditions of high or varying dissipation. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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SEJNE550-F,L,N 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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TYPICAL APPLICATIONS 
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TYPICAL APPLICATIONS (Cont'dl 
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TYPICAL APPLICATIONS (Cont'd) 
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TYPICAL APPLICATIONS (Cont'd) 
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DESCRIPTION 
The p.A723/SA723C is a Monolithic Preci­
sion Voltage Regulatorcapable of operation 
in positive or negative supplies as a series, 
shunt, switching or floating regulator. The 
723 contains a temperature compensated 
reference amplifier, error amplifier, series 
pass transistor, and current limiter, with 
access to remote shutdown. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Pulse voltage from V+ to V- (50 ms) 
p.A723 
p.A723C 
SA723C 

Continous voltage from V+ to V-
p.A723 
p.A723C 
SA723C 

Input-output voltage differential 
Maximum output current 

p.A723 
p.A723C 
SA723C 

Current from VREF 
p.A723 
p.A723C 
SA723C 

Current from Vz 
p.A723 
p.A723C 
SA723C 

Internal power dissipation1 

p.A723 
p.A723C 
SA723C 

Operating temperature range 
p.A723 
p.A723C 
SA723C 

Storage temperature range 
p.A723 
p.A723C 
SA723C 

Lead temperature 
p.A723 
p.A723C 
SA723C 

FEATURES 
• Positive or negative supply operation 
• Series, shunt, switching or floating oper­

ation 
• .01% line and load regulation 
• Output voltage adjustable from 2 to 37 

volts 
• Output current to 150mA without exter­

nal pass transistor 
• p.A723 MIL STD 88 3A, B, C available 

RATING UNIT 

50 V 

40 V 
40 V 
40 V 
40 V 

150 mA 
150 mA 
150 mA 

15 mA 

25 mA 
25 mA 

800 mA 
800 mA 
800 mA 

-55 to +125 °C 
o to 70 °C 

-40 to +85 °C 

-65 to +150 °C 
-65 to +150 °C 
-65 to +150 °C 

300 °C 
300 °C 
300 °C 

Si!lDotiCS 

p.A723/723C/SA723C-F,L,N 

PIN CONFIGURATION 

F,N PACKAGE 

CURRENT LIMIT 2 13 FREQUENCY 

CURRENT SENSE 3 

INVERTING INPUT 4 

NON·INVERTING 
INPUT 

COMPENSATION 

ORDER PART NOS. MA723N. MA723F, 
MA723CN, ~723CF, SA723CF, SA723CN 

CURRENT SENSE 

INVERTING INPUT 

NON-INVERTING 
INPUT 

L PACKAGE 

CURRENT LIMIT 

FREQUENCY 
COMPENSATION 

y+ 

yc 

ORDER PART NOS. ~723L1"A723CL 
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PRECISION VOLTAGE REGUL~ 

EQUIVALENT CIRCUIT 

INVERTING 
INPUT 

FREQUENCY 
COMPENSATION 

V+ 

CURRENT 

Vc 

SERIES PASS 
TRANSISTOR 

Your 

VOLTAGE 
REFERENCE 

V - AMPLIFIER 
CURRENT 

LIMIT SENSE Vz 

ERROR CURRENT 
AMPLIFIER LIMITER 

DC ELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise specified.1 

PARAMETER TEST CONDITIONS 

Line regulation 2 V,N = 12V to V,N = 15V 
V,N = 12V to V,N = 40V 

Load regulation2 IL - 1mA to IL = 50mA 
f = 50Hz to 10kHz, CREF = 0 

.f = 50Hz to 10kHz, CREF = 5p.F 

Short circuit current limit Rsc = 100, VOUT = 0 

Reference voltage 
Output noise voltage BW = 100Hz to 10kHz, CREF = 0 

BW= 100Hzto 10kHz, CREF=5/lF 

Long term stability 
Standby current drain IL = 0, V,N = 30V 

Input voltage range 
Output voltage range 

Input-output voltage differential 

The following specifications apply 
over the operating temperature 
ranges 

Line regulation 

Load regulation 

Average temperature coefficient V,N = 12V to V,N = 15V 
of output voltage IL = 1mA to IL = 50mA 

NOTES 
1. V,N = v+ = vc= 12V. V-=OV. VouT=5V, IL= 1mA, Rsc =0, C, = 100pF, CREF=Oand 

divider impedance as seen by error amplifier :5 10kn when connected as shown in 
Figure 3. 

2. The load and line regulation specifications are for constant junction temperature. 
Temperature drift effects must be taken into account separately when the unit is 
operating under conditions of high dissipation. 

156 S(gOOtiCS 

p.A723C/SA723C 

Min Typ Max 

0.01 0.1 
0.1 0.5 

0.03 0.2 
74 
86 

65 

6.80 7.15 7.50 
20 
2.5 

0.1 0.1 
2.3 4.0 

9.5 40 
2.0 37 

3.0 38 

0.3 

0.6 

0.003 0.015 

p.A723/723C/SA723C-F,L,N 

p.A723 
UNIT 

Min Typ Max 

0.01 0.1 DfoVOUT 
0.02 0.2 o/oVOUT 

0.03 0.15 o/oVOUT 
74 dB 
86 dB 

65 mA 

6.95 7.15 7.35 V 
20 p.Vrms 
2.5 /lVrrns 

0.1 Dfo/1000hrs. 
2.3 3.5 rnA 

9.5 40 V 
2.0 37 V 

3.0 38 V 

0.3 DfoVOUT 

0.6 OfoVOUT 

0.002 0.015 Dfo/oC 



PRECISION VOLTAGE REGULATOR 

TYPICAL PERFORMANCE CHARACTERISTICS 
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p.A 7231723C/SA 723C-F, L, N 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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J!.A 723/723C/SA 723C-F, L, N 

TYPICAL APPLICATIONS (Cont'd) 
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DESCRIPTION 
The pA78LOO series of 3~Terminal Positive 
Voltage Regulators employ internal current 
limiting and thermal shutdown, making 
them essentially indestructible. If adequate 
heat sinking is provided, they can deliver up 
to 100mA output current. They are intended 
as fixed voltage regulators in a wide range of 
applications including local or on card reg­
ulation for elimination of noise and distri­
bution problems associated with single 
point regulation. In addition, they can be 
used with power pass elements to make 
high current voltage regulators. The 
pA78LOO used as a Zener diode/resistor 
combination replacement, offers an effec­
tive output impedance improvement of typi­
cally two orders of magnitude, along with 
lower quiescent current and lower noise. 

EQUIVALENT CIRCUIT 

R13 
20k 

alO 

Rl' 
.> 

RIS 
700 

alS a9 

Rl. R17 
300 100 

FEATURES 
• Output curent up to 100mA 
• No external components 
• Internal thermal overload protection 
• Internal short circuit current limiting 
• Available In JEDEC TO-92 and low pro­

file TO-39 packages 
• Output voltages of 2.6V, 5V, 6.2V, 8.2V, 

12Vand 15V 
• Output voltage tolerances or ±5% 

(78LOO-A) and ±10% (78LOO) over the 
temperature range 

al' 

R12 
200 

RIO 
2 

(2) 
OUTPUT 

(3) 
L-----_+--~----_+--_+--~----------~------~------_oCOMMON 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Input voltage 
2.6V, 5V, 6.2V and 8.2V 30 V 
12V and 15V 35 V 

Internal power dissipation Internally limited 
Storage temperature range 

Metal can (TO-39 type) -65 to +150 °C 
Molded TO-92 -55 to +150 'c 

Operating junction temperature range o to +150 °C 
Lead temperatures 

Metal can (soldering, 60s time limit> 300 'c 
Molded TO-92 (soldering. 10s time limit) 260 'c 
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CONNECTION DIAGRAMS 

DB PACKAGE (TO-39) 

OUTPUT 
(2) 

COMMON 
(3) 

OROER INFORMATION 

OUTPUT 
VOLTAGE PART NO. 

2.6V 7BL02CDB 
2.BV 7BlO2ACDB 
5V 78l05CDB 
5V 7BlO5ACDB 
BV 7BlOBCDB 
BV 7BlOBACDB 
8.2V 7BlOBCDB 
B.2V 7Bl08ACDB 
12V 7B112CDB 
12V 78l12ACDB 
15V 7Bl15CDB 
15V 78115ACDB 

S PACKAGE (JEDEC TO-92) 

COMMONB 
2 3 1 

OUTPUT INPUT 

OROER INFORMATION 

OUTPUT 
VOLTAGE PART NO. 

2.6V 7BlO2CS 
2.BV 7BlO2ACS 
5V 78l05CS 
5V 78l05ACS 
BV 7BlOBCS 
BV 7Bl06ACS 
8.2V 7BlOBCS 
B.2V 7BlOBACS 
12V 7Bl12CS 
12V 7Bl12ACS 
15V 7Bl15CS 
15V 7Bl15ACS 



J1.A78L02/5/6/8/12/15-DB,S 

DC ELECTRICAL CHARACTERISTICS lOUT = 40mA, O°C ~ TJ ~ +125°C, CIN = 0.33J1.F, COUT = O.lJ1.F 
unless otherwise specified. 

78L02AC 78L02C 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 

VIN = 9.0V VIN = 9.0V 
VOUT Output voltage TJ=25°C 2.5 I 2.6 I 2.7 2.4 I 2.6 I 2.8 

4.75, ~ VIN r 20V 4.75V ~ VIN ~ 20V 
lmA ~ lOUT ~ 70mA 2.45 2.75 2.35 I I 2.B5 
lmA ~ lOUT ~ 40mA 2.45 2.75 2.35 2.B5 

4.75 ~ VIN ~ 20V 4.75V ~ VIN ~ 20V 
Line regulation TJ = 25°C I 40 I 100 I 40 I 125 

5V~ VIN ~ 20V 5V ~ VIN ~ 20V 
30 75 30 100 

Load regulation lmA ~ lOUT ~ 100mA, TJ = 25°C 10 50 10 50 
lmA ~ lOUT ~ 40mA, TJ = 25°C 4.0 25 4.0 25 

Icc TJ = 25°C 3.6 6.0 3.6 6.0 
TJ = 125°C 5.5 5.5 

5V ~ VIN ~ 20V 5V ~ VIN ~ 20V 
<lIce With line 2.5 2.5 

With load, lmA ~ lOUT ~ 40mA 0.1 0.2 

Output noise voltage TJ = 25°C, 10Hz ~ f ~ 100kHz 30 30 

Long term stability 10 10 

6V ~ VIN ~ 16V 6V ~ VIN ~ 16V 
Ripple rejection TJ = 25°C, f = 120Hz 43 51 42 51 

Dropout voltage TA = 25°C 1.7 1.7 

VOUT Output temperature drift lOUT - 5mA -0.4 -0.4 

Isc TJ = 25°C 140 140 

DC ELECTRICAL CHARACTERISTICS (Cont'd) 

78L05AC 78L05C 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 
I I I I 
VIN = 10V VIN = 10V 

VOUT Output voltage TJ = 25°C 4.B I 5.0 I 5.2 4.6 I 5.0 I 5.4 
7V ~ VIN ~20V 7V ~ VIN ~ 20V 

1 mA ~ lOUT ~ 70mA 4.751 I 5.25 4.50 1 I 5.50 
1 mA ~ lOUT ~ 40mA 4.75 5.25 4.50 5.50 

7V ~ VIN ~ 20V 7V ~ VIN ~ 20V 
Line regulation TJ = 25°C I 55 I 150 I 55 I 200 

BV ~ VIN ~ 20V BV ~ VIN ~ 20V 
45 100 45 150 

Load regulation lmA ~ lOUT ~ 100mA, TJ = 25°C 11 60 11 60 
lmA < lOUT < 40mA, TJ = 25°C 5.0 30 5.0 30 

Icc TJ=25°C 3.B 6.0 3.8 6.0 
TJ = 125°C 5.5 5.5 

BV ~ VIN ~ 20V BV ~ VIN ~ 20V 
<lIce With line 1.5 1.5 

With load, 1 mA < lOUT < 40mA 0.1 0.2 

Output noise voltage TJ = 25°C, 10Hz ~ f ~ 100kHz 40 40 

Long term stability 12 12 

BV ~ VIN ~ lBV 8V ~ VIN ~ lBV 
Ripple rejection TJ = 25°C, f = 120Hz 41 49 40 49 

Dropout voltage TA = 25°C 1.7 1.7 

VOUT Output temperature drift lOUT =5mA -0.65 -0.65 

Isc TJ = 25°C 140 140 

!ijgOotiC!i 
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mV 
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!lA 78L02/5/6/8/12/15~DB,S 

DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = 40mA, O°C:;; TJ:;; +125°C, CIN = 0.33/LF, COUT = 0.1/LF 
unless otherwise specified. 

78L06AC 78L06C 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 

VIN = 12V 
.1. 
VIN = 12V 

VOUT Output voltage TJ = 25°C 5.95 I 6.2 I 6.45 5.7 I 6.2 I 6.7 
8.5V :;; VIN :;; 20V 8.5V :;; VIN :;; 20V 

1 mA :;; lOUT:;; 70mA 5.90 I I 6.50 5.60 I I 6.80 
1 mA :;; lOUT:;; 40mA 5.90 6.50 5.6 6.8 

8.5V :;; VIN :;; 20V 8.5V :;; VIN :;; 20V 
Line regulation TJ = 25°C I 65 I 175 I 65 I 200 

9V:;; VIN:;; 20V 9V:;; VIN:;; 20V 
55 125 55 150 

Load regulation 1mA:;; lOUT:;; 100mA, TJ = 25°C 13 80 13 80 
1mA:;; lOUT:;; 40mA, TJ = 25°C 6.0 40 6.0 40 

Icc TJ = 25°C 3.9 6.0 3.9 6.0 
TJ = 125°C 5.5 5.5 

9.0V :;; VIN :;; 20V 9.0V :;; VIN :;; 20V 
Ll.lcc With line 1.5 1.5 

With load, 1 mA < lOUT < 40mA 0.1 0.2 

Output noise voltage TJ = 25°C, 10Hz:;; f:;; 100kHz 50 50 /LA 

Long term stability 14 14 

10V:;; VIN :;; 20V 10V:;; VIN :;; 20V 
Ripple rejection TJ = 25°C, f = 120Hz 40 46 39 46 

Dropout voltage TA = 25°C 1.7 1.7 

VOUT Output temperature drift lOUT = 5mA -0.75 -0.75 

Isc TJ = 25°C 140 140 

DC ELECTRICAL CHARACTERISTICS (Cont'd) 

78L08AC 78L08C 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 

I .l 
VIN = 14V 

.1 .! 
VIN = 14V 

VOUT Output voltage TJ = 25°C 7.87 I 8.2 I 8.53 7.54 I 8.20 I 8.86 

111:;; VIN 123V 11 VI :;; VIN 1 23V 
1 mA :;; lOUT:;; 70mA 7.8 8.60 7.40 9.0 
1 mA :;; lOUT:;; 40mA 7.8 8.6 7.40 9.0 

11V:;; VIN:;; 23V 11V:;; VIN:;; 23V 
Line regulation TJ = 25°C I 80 I 175 I 80 I 200 

12V:;; VIN :;; 23V 12V:;; VIN:;; 23V 
70 125 70 150 

Load regulation 1mA:;; lOUT:;; 100mA, TJ = 25°C 15 80 20 90 
1mA < lOUT < 40mA, TJ = 25°C 8.0 40 10 45 

Icc TJ = 25°C 3.9 6.0 4.2 6.5 
TJ = 125°C 5.5 6.0 

12V:;; VIN :;; 23V 12V:;; VIN :;; 23V 
Ll.lcc With line 1.5 1.5 

With load, 1 mA :;; lOUT:;; 40mA 0.1 0.2 

Output noise voltage TJ = 25°C, 10Hz:;; f:;; 100kHz 60 60 

Long term stability 19 19 

12V:;; VIN :;; 22V 12V:;; Vn.,j:;; 22V 
Ripple rejection TJ = 25°C, f = 120Hz 39 45 38 49 

Dropout voltage TA = 25°C 1.7 1.7 

VOUT Output temperature drift lOUT = 5mA -0.8 -'0.8 

Isc TJ = 25°C 140 140 
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p.A7BL02/5/6/B/12/15-DB,S 

DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = 40mA, O°C:'O TJ:'O +125°C, CIN = 0.33p.F, COUT = 0.1p.F 
unless otherwise specified. 

78L12AC 78L12C 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 

VIN = 19V VIN = 19V 
VOUT Output voltage TJ = 25°C 11.5 I 12 I 12.5 11.1 I 12 I 12.9 

14.5V:'O VIN :'027V 14.5V:'O VIN:'O 27V 
1 rnA :'0 lOUT :'0 70mA 11.41 1 12.6 1o.BI ·'13.2 
1mA:'O IOUT:'O 40mA 11.4 12.6 10.B 13.2 

14.5V :'0 VIN :'027V 14.5V:'O VIN :'027V 
Line regulation TJ = 25°C I 120 I 250 I 120 I 250 

16V:'O VIN :'0 27V 16V:'O VIN:'O 27V 
100 200 100 200 

Load regulation 1mA:'O IOUT:'O 100mA, TJ = 25°C 20 100 20 100 
1mA:'O IOUT:'O 40mA, TJ = 25°C 10 50 10 50 

Icc TJ = 25°C 4.2 6.5 4.2 6.5 
TJ = 125°C 6.0 6.0 

16V:'O VIN :'027V 16V:'O VIN :'027V 
t1lcc With line 1.5 1.5 

With load, 1 rnA :'0 lOUT :'0 40mA 0.1 0.2 

Output noise voltage TJ = 25°C, 10Hz:'O f:'O 100kHz BO BO 

Long term stability 24 24 

15V:'O VIN :'025V 15V:'O VIN :'025V 
Ripple rejection TJ = 25°C, f = 120Hz 37 42 36 42 

Dropout voltage TA = 25°C 1.7 1.7 

VOUT Output temperature drift lOUT = 5mA -1.0 -1.0 

Isc TJ = 25°C 140 140 

DC ELECTRICAL CHARACTERISTICS (Cont'd) 

78L15AC 78L15C 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 

VIN =23V ~IN = 23Y 
VOUT Output voltage TJ = 25°C 14.4 I 15 I 15.6 13.8 15 16.2 

17.5,:'0 VIN r 30V 17·sr:'O VIN r 30V 
1 rnA :'0 lOUT :'0 70mA 14.25 15.75 13.5 16.5 
1 rnA :'0 lOUT :'0 40mA 14.25 15.75 13.5 16.5 

17.5V :$ VIN :'030V 17.5V:$ VIN:'O 30V 
Line regulation TJ = 25°C I 130 I 300 I 130 I 300 

20V :0; VIN :'0 30V 20V :'0 VIN :'0 30V 
110 250 110 250 

Load regulation 1mA:'O IOUT:'O 100mA, TJ = 25°C 25 150 25 150 
1mA:'O IOUT:'O 40mA, TJ = 25°C 12 75 12 75 

Icc TJ = 25°C 4.4 6.5 4.4 6.5 
TJ = 125°C 6.0 6.0 

20V :'0 VIN :'030V 20V :'0 VIN :'0 30V 
t1lcc With line 1.5 1.5 

With load, 1 rnA :'0 lOUT :'0 40mA 0.1 0.2 

Output nOise voltage TJ = 25°C, 10Hz:'O f:'O 100kHz 90 90 

Long term stability 30 30 

18.5V:'O VIN:'O 28.5V lB.5V :'0 VIN :'0 28.5V 
Ripple rejection TJ = 25°C, f = 120Hz 34 39 33 39 

Dropout voltage TA = 25°C 1.7 1.7 

VOUT Output temperature drift lOUT - 5mA -1.3 -1.3 

Isc 'TJ = 25°C 140 140 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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NOTE 

Other pA78l00 Series Devices have similar curves. 
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HIGH DISSIPATION 
APPLICATION 

R1 

Load regulation = constant V1 load regulation 
(typically 10mV, 10-30mA ILl 
+ (llmV/v) X 0.24 X 20mA 
(typically 53mV) 
= 63mV for a load current 

F-+--="---or-<)VOUT change of 20mA at a constant 
'-~:--'" RL VIN of 30V. 

When it is necessary to operate a j.lA78LOO 
regulator with a large input-output differen­
tial voltage, the addition of series resistor Rl 
will extend the output current range of the 
device by sharing the total dissipation be­
tween Rl and the regulator. 

Rl may be calculated from 

Rl = VIN(MIN) - VOUT -2.0V 
IL(MAX) + 10 

where 10 is the regulator quiescent current. 

Regulator power dissipation at maximum 
input voltage and maximum load current is 
now 

PO(MAX) = (V1 - VOUT) IL(MAX) + V1 10 

where 

V1 = VIN(MAX) - IiL(MAX) + 10) Rl 

The presence of Rl will affect load regula­
tion according to the equation: 

load regulation = load regulation 
(at constant VIN) (at constant V1) 

+ (line regulation, mV per V) X 
(Rll X (AILI. 

As an example, consider a 15V regulator 
with a supply voltage of 30 ± 5V, required to 
supply a maximum load current of 30mA. 10 
is 4.3mA, and minimum load current is to be 
10mA. 

25 - 15 - 2 8 
Rl = = 2400 

30 + 4.3 34.3 

V1 = 35 - (30 + 4.3) .24 = 35 - 8.2 = 26.8V 

PO(MAX) = (26.8 - 15130 + 26.8 (4.3) 
= 354 + 115 
= 470mW, which will permit 
operation up to 70° C in most 
applications. 

Line regulation of this circuit is typically 
110mV for an input range of 25-35V at a 
constant load current, i.e. llmVN. 

THERMAL CONSIDERATIONS 
The TO-92 molded package is capable of 
unusually high power dissipation due to the 
lead frame design. However, its thermal 
capabilities are generally overlooked be­
cause of a lack of understanding of the 
thermal paths from the semiconductor junc­
tion to ambient temperature. While thermal 
resistance is normally specified for the de­
vice mounted lcm above an infinite heat 
sink, very little has been mentioned of the 
options available to improve on the conser­
vatively rated thermal capability. 

An explanation of the thermal paths of the 
TO-92 and comparison of the thermal 
equivalent circuit of the TO-39 metal pack­
age with that of the TO-92 will allow the 
designer to determine the thermal stress he 
Is applying in any give application. 

THE METAL CAN THERMAL 
MODEL 
In the TO-39 case, where the die is attached 
directly to the base of a metal package, the 
thermal equivalent circuit is often repre­
sented simply as a series connection of the 
juntion-to-case thermal resistance, OJC, and 
the case-to-ambient thermal resistance, 
OCA, as shown in Figure 1. 

In this model, the current source represents 
the thermal energy source; T J is the junc­
tion temperature, assuming a constant sur­
face temperature across the die; OJC is the 
junction-to-case thermal resistance, meas­
ured at a point on the case directly beneath 
the die location; OCA is the thermal resist­
ance from the case to the ultimate heat sink, 
ambient temperature, as represented by the 
battery. The heat flow is analogous to elec­
trical current, and temperature to voltage. 
The total thermal resistance from junction 
to ambient is then: 

8JA = 8JC + 8CA 

The maximum power dissipation is a func­
tion of the maximum permissible junction 
temperature (which is a function of the 
package materials and construction) and 
the total thermal resistance from the junc­
tion to ambient temperature. Junction 
temperature is assumed to the limiting fac­
tor. 

S(gnotics 

j.lA78L02/5/6/8/12/15-DB,S 

Thus: maximum power dissipation 

T J(MAX). - T A 
Po = -'--'----

8JC + 8CA 

Since 8JA = 8JC + 8CA 

TJ(MAX) - TA 
then 8JA = 

Po 

TJ - TA 
Po=---

8JA 

Therefore, using the VBE method of junction 
temperature sensing, and attaching a ther­
mocouple to the case at the location speci­
fied, the relative values of OJC, and OCA can 
readily be determined. 

The thermal ratings of the metal can pack­
age are normally presented with the case 
attached to an infinite heat sink at still air 
ambient temperature. This causes OCA to go 
to zero resulting in OJC representing the 
total ()JA. The infinite heat sink is an unreal­
izable condition in the practical world, but 
serves to project a goal. 

THE TO-92 PACKAGE 
The TO-92 package thermal paths are con­
siderably more complex than those of the 
TO-39 metal can package. In addition tothe 
path through the molding compound to 
ambient temperature, there is another path 
through the leads in parallel with the case 
path, to ambient temperature, as shown in 
Figure 2. 

The total thermal resistance in this model is 
then: 

(8JC + 8CA) (8JL + 8LAI 

8JC + 8CA + 8JL 8LA 

Where: ()JC = thermal resistance of the 
case between the regula­
tor die and a point on the 
case directly above the 
die location. 

()CA = thermal resistance be­
tween the case and air at 
ambient temperature. 

()JL = thermal resistance from 
transistor die through the 
collector lead to a pOint 
1116" below the regulator 
case. 

()LA = total thermal resistance 
of the collector-base­
emitter leads to ambient 
temperature. 
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As one can see from Figure 1, the mefal can 
package generally does not have the lead 
cooling path because of the high thermal 
resistances resulting from the construction 
of the header, case and leads. Normally, this 
material is kovar. Now, IJJC and /lJl are 
within the package and not variable by the 
user. However, /lCA and /lLA are.outside the 
package and can be effectively used to 
control the total thermal resistance and, 
therefore, junction temperature. 

Replacing IJJA of equation (1) with /lJA equa­
tion (3) gives: 

OJA = 
OJC + OCA + OJL + OLA Po 

The maximum T J allowed in equation (4) is 
150·C. The maximum power dissipation is 
determined by the net total thermal resist­
ance IJJA, the parallel equivalent networks of 
the case series path and lead series path, 
divided into the difference of the maximum 
junction temperature, 150°C, and amQient 
temperature generally specified as 25°C. In 
the case of the 78LXX, the maximum dissi­
pation of a .4 inch condition is: 

Po = 150 - 25 ,OJA = 1800 CIW 
OJA 

Po = 0.7W 

If lead length is reduced to .125 inch /lJA 
becomes 160°C, and PD(MAX) = O.78W. 

METHODS OF HEAT SINKING 
With two external thermal resistances in 
each leg of a parallel network available to 
the circuit designer as variables, he can 
choose the method of. heat sinking most 
applicable to his particular situation. To 
demonstrate, consider the effect of placing 
a small 72° CIW flag type heat sink, such as 
the Staver Fl-7D-2, on the 78LXX molded 
case. The heat sink effectively replaces the 
IJCA (Figure 2) and the new thermal resist-
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ance, /lJA,is: 

OJA =. 145·CIW (assuming .125 inch lead 
length) 

THERMAL EQUIVALENT CIRCUIT 
TO-39 PACKAGE (DIE ATTACHED 

TO METAL PACKAGE BASE) 

FIgure 1 

TO-92 THERMAL EQUIVALENT 
. CIRCUIT 

TJ 

8JC OJL 

f~E(WATTS) 
8CA 8LA 

FIgure 2 

The net change of 15° CIW increases the 
allowable power dissipation to O.86W with 
an inserted cost of 1-2 cents. A still further 
d(:!crease in IJJA could be achieved by using 
a sink rated at 46°CiW, sUCh as the Staver 
FS-7A. Also,if the case sinking does not 
provide an adequate reduction in total /lJA, 
the other external thermal resistance, OlA, 

9tgDObC9 

p.A78L02/5/6/8/12/15-DB,S 

may be reduced by shortening the lead 
length from package bas(:! t9 mounting me­
dium. However, one pOint must be kept in 
mind. The lead thermal path includes a 
thermal resistance, /lSA, from the leads at 
the mounting point to ambient, that is, the 
mounting medium, IJlA is then equal to IlLS + 
/lSA. The new model is shown in Figure 3. 

TO-92 THERMAL EQUIVALENT 
CIRCUIT (LEAD AT OTHER 

THAN AMBIENT TEMPERATURE) 

TJ 

f PE (WATTS) 

Figure 3 

In the ca~e of a socket, IJSA cou.ld I;>e as high 
as 270°CIW, thus causing a net increase in 
/lJA and a consequent decrease in the 
maximum dissipation capability. Shorten­
ing the lead length may return the net /lJA to 
the original value, but lead sinking woul.d 
not be accomplished. 

In those cases where the regulator is insert­
ed into a copper clad printed circuit board, it 
is advantageous to have. a maximum area of 
copper at the entry points of the leads. While 
it would be desirable to rigorously define 
the effect of PC board copper, the real world 
variables are too· great to allow anything 
more than a few general observations. 

The best analogy for PC board copper is to 
compare it witl) parallel resistors. Beyond 
some point, additonal resistors are not sig­
nificantly effective; beyond some point, ad­
ditional copper area is not effective. 



DESCRIPTION 
The 78MOO series of monolithic Three 
Terminal Positive Voltage Regulators em­
ploys internal current limiting, thermal shut 
down, and safe-area compensation making 
them essentially indestructible. If adequate 
heat sinking is provided, the device can 
deliver over 500mA output current. They are 
intended as fixed voltage regulators, but 
used with external components, can provide 
adjustable output voltages and currents. 

SCHEMATIC DIAGRAM 

FEATURES 
• Output current up to 500mA 
• No external components 
• Internal thermal overload protection 
• Internal short circuit current limiting 
• Output transistor safe-area compensa­

tion 
• Available in the TO-220 and the TO-39 

package 
• Output voltages of 5,6,8,12,15,20, and 24 

volts 

1 
r---~------------~----------~-------4r---~----~--OINPUT 

R4 R18 
100kn soon 

Q12 
R11 
O.3n 

RS 
3.3kJ! 

2 
]-~-------+----<~------""'-4~"",---oOUTPUT 

Dl 

R6 
2.7kU 

R7 
soon 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Input voltage (5V through 15V) (20V, 24V)1 
Internal power dissipation 

Storage temperature range 
TO-39 
TO-220 

Operating junction temperature range2 
78MOO 
SA78 MOOC 
78MOOC 

Lead temperature 
TO-39 package 
(soldering; 60 second time limit) 
TO-220 package 
(soldering, 10 second time limit> 

NOTES 

. 1. Thermal resistance of the packages (without a heat sink) 

RATING 

35 
40 

Internally limited 

-65 to +150 
-55 to +125 

-55 to +150 
-40 to +125 
o to +125 

300 

230 

Junction to case: TO-220 package 2°CIW T0-39 package 200 CIW. 
Junction to ambient: TO-220 package SO°CIW TO-39 package 170CIW. 

2. Operating ambient temperature range 
78MOO -SSoC to +125°C 
SA78MOOC -40°C to -t2S0C 
78MOOC 0° C to +85° C 

GjglotiCG 

UNIT 

V 
V 

°C 
°C 

°C 
°C 
°C 

°C 

°C 

}J.A78MOOI78MOOC/SA78MOOC-DB,U 

PIN CONFIGURATIONS 

U PACKAGE (TO-220) 

~ 
OUTPUT (21 

~~lr COMMON (31 

INPUT (11 

ORDER INFORMATION 

OUTPUT ORDER 
VOLTAGE PART NO. 

SV 7BMOSCU/SA7BMOSCU 
6V 7BM06CU/SA7BM06CU 
BV 7BMOBCU/SA7BMOBCU 

12V 7BM12CUlSA 7BM12CU 
1SV 78M15CUlSA 7BM 15CU 
20V 7BM20CUlSA78M20CU 
24V 78M24CU/SA7BM24CU 

DB PACKAGE (TO-39) 

INPUQ0 

OUTPUT ® 
® 
COMMON 

OUTPUT ORDER 
VOLTAGE PART NO. 

SV 78MOSDB 
6V 78M06DB 
BV 78M08DB 

12V 7BM12DB 
1SV 78M1SDB 
20V 78M20DB 
24V 7BM24DB 

SV 7BM05CDB 
6V 7BM06CDB 
BV 7BMOBCDB 

12V 7BM12CDB 
lSV 78M1SCDB 
20V 78M20CDB 
24V 78M24CDB 
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,.A7BMoo/7BMooC/SA7BMOOC-DB,U 

DC ELECTRICAL CHARACTERISTICS lOUT = 350mA, CIN = 0.33,.F, COUT = O.l,.F, T J = 25°C 
unless otherwise specified. 

7BMOS1 78MOSC1 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

VIN = 10V VIN"" 10V 
VOUT Output voltage 4.B I 5.0 I 5.2 4.B I 5.0 I 5.2 V 

Over temp!, 5mA s; lOUT S; 350mA BVl VIN s;,OV 7VrS; VIN S;12OV 
4.7 5.3 4.75 5.25 V 

Line regulation lOUT = 200mA 7V S; VIN S; 25V 7V S; VIN S; 25V 

I 3 I 50 I 3 I 100 mV 
BV S; VIN S; 20V BV S; VIN:S; 25V 

1 25 1 50 mV 

Load regulation 5mA S; lOUT S; 500mA 20 50 20 100 mV 
5mA S; lOUT S; 200mA 10 25 10 50 mV 

Icc 4.5 6.0 4.5 6.0 I')1A 

dice With line Over temp!, lOUT = 200mA BV S; VIN S; 25V BV S; VIN S; 25V 
O.S O.S mA 

t..lee With load 5mA S; lOUT S; 350mA 0.5 0.5 mA 

Output noise voltage 10Hz S; f S; 100kHz, TA"" 25°C 40 40 ,.V 

Voltage drift mVll000hrs. 20 20 mV 

Ripple rejection Over temp!, f = 120Hz SV S; VIN S; lBV 
6S SO 62 SO dB 

Dropout voltage 2.0 2.0 V 

Ise VIN = 35V 300 300 mA 

Peak output current 700 700 rnA 

VOUT Output temperatu re drift lOUT = 5mA O°C S; TJ S; 150°C O°C S; TJ S; 125°C 
T -1.0 I j -1.0 I mViOC 

DC ELECTRICAL CHARACTERISTICS (Cont'd) 

78M061 78M06C1 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

VIN = l1V VIN = l1V 
VOUT Output voltage 5.75 I 6.0 I 6.25 5.75 I 6.0 I 6.25 V 

Over temp!, 5mA S; lOUT S; 350mA 9VS; VIN S; 21V S.OV S; VIN S; 21V 
5.7.1 I 6.3 5.7 I I 6.3 V 

Line regulation lOUT = 200mA SV S; VIN S; 25V .BV S; VIN S; 25V 

I 5 I 60 I 5 I 100 mV 
9V S; VIN S; 20V 9V S; VIN S; 25V 

1.5 30 1.5 50 mV 

Load regulation 5mA S; lOUT S; 500mA 20 60 20 120 mV 
5mA S; lOUT S; 200mA 10 30 10 60 mV 

Icc 4.5 6.0 4.5 S.O mA 

t..lee With line Over temp!, lOUT = 200mA 9VS; VIN S;25V 9V S; VIN:S; 25V 
O.S O.S mA 

t..lee With load 5mA S; lOUT S; 350mA 0.5 0.5 mA 

Output noise voltage 10Hz S; f S; 100kHz, TA = 25°C 45 45 ,.V 

Voltage drift mV/l000hrs, 24 24 mV 

Ripple rejection Over temp!, f = 120Hz 9V< VIN < 19V 9V < VIN < 19V 
59 BO 59 BO dB 

Dropout voltage 2.0 2.0 V 

Ise VIN "" 35V 270 270 mA 

Peak output current 700 700 mA 

VOUT Output temperature drift lOUT = 5mA O°C S; TJ S; 150°C O°C S; TJ S; 125°C 
1-0.5 T f -0.5 I mVioC 
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DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = 350mA, CIN = 0.33p.F, COUT = O.lp.F, TJ = 25°C 
unless otherwise specified. 

78M081 78M08C1 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

VIN = 14V VIN = 14V 

VOUT Output voltage 7.7 
1 

8.0 
1 

8.3 7.7 
1 

8.0 
1 

8.3 V 

Over temp~, 5mA:S IOUT:S 350m A 11.5V :S VIN :S 23V 10.5V :S VIN ,23V 
7.6 I I 8.4 7.6 1 8.4 V 

Line regulation lOUT = 200m A 10.5V :S VIN :S 25V 10.5V:S VIN:S 25V 

I 6 1 60 I 6 I 100 mV 
l1V :S VIN :S 20V l1V :S VIN :S 25V 

2 30 2 50 mV 

Load regulation 5mA :S lOUT :S 500mA 25 80 25 160 mV 
5mA :S lOUT :S 200mA 10 40 10 80 mV 

Icc 4.6 6.0 4.6 6.0 mA 

.:lIce With line Over temp!, lOUT = 200mA 11.5V :S VIN :S 25V 10.5V :S VIN :S 25V 
0.8 0.8 mA 

.:lIce With load 5mA :S lOUT :S 350mA 0.5 0.5 mA 

Output noise voltage 10Hz:s f:S 100kHz, TA = 25°C 52 52 p.V 

Voltage drift mV/l000hrs. 32 32 mV 

Ripple rejection Over temp!, f = 120Hz 11.5V :S VIN :S 21.5V 11.5V :S VIN :S 21.5V 
56 80 56 80 dB 

Dropout voltage 2.0 2.0 V 

Isc VIN = 35V 250 250 mA 

Peak output current 700 700 mA 

VOUT Output temperature drift lOUT = 5mA O°C:S TJ:S 150°C O°C:S TJ :S 125°C . f -0.5 f I -0.5 f mV/oC 

DC ELECTRICAL CHARACTERISTICS (Cont'd) 

PARAMETER TEST CONDITIONS 
78M121 78M12C1 78M151 

UNIT 
Min Typ Max Min Typ Max Min Typ Max 

VIN = 19V VIN = 19V VIN = 23V 

VOUT Output voltage 11.5112.0112.5 11.5112.0112.5 14.4115.0115.6 V 

Over temp~, 5mA:S lOUT :S 350mA 15.5, :S VIN:S 27i14.5V:S VIN :S 27V 18.5~ :S VIN :S 30V 
11.4 112.6 11.41 '112.6 14.5 -115.75 V 

Line regulation lOUT = 200mA f4.5V:S VIN:S 30V14.5V:S VIN :S 30V 17.5V:S VIN :S 30V 

I 8 I 60 I 8 1 100 I 10 I 60 mV 
16V :S VIN :S 25V 16V :S VIN :S 30V 20V :S VIN :S 30V 

2 30 2 50 3 30 rnV 

Load regulation 5mA :S lOUT :S 500mA 25 120 25 240 25 150 mV 
5mA :S lOUT :S 200mA 10 60 10 120 10 75 mV 

Icc 4.8 6.0 4.8 6.0 4.8 6.0 rnA 

.:lIce With line Over temp!, lOUT = 200mA 15V :S VIN :S 30V 14.5V :S VIN :S 30V 18.5V :S VIN :S 30V 
0.8 0.8 0.8 mA 

.:lIce With load 5mA :S lOUT :S 350mA 0.5 0.5 0.5 mA 

Output noise voltage 10Hz:s f:S 100kHz, TA = 25°C 75 75 90 p.V 

Voltage drift mVll000hrs. 48 48 60 mV 

Ripple rejection Over temp!, f = 120Hz 15V:S VIN:S 25V 15V :S VIN :S 25V 18.5V:S VIN:S 28.5V 
55 80 55 80 54 70 dB 

Dropout voltage 2.0 2.0 2.0 V 

Isc VIN = 35V 240 240 240 mA 

Peak output current 700 700 700 mA 

VOUT Output temperature drift lOUT = 5mA O°C:S TJ:S 150°C COC:S TJ:S 125°C O°C f TJ :S1150°C 
I -1.01 I -1.0 I -1.0 mV/oC 
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THREE-TERMINAL POSITIVE VOLIAGE REGULATOR "A7BMOQl7BMOWD78MOOG--@ 

p.A 7BMOO/7BMOOC/SA 7BMOOC-DB,U 

DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = 350m A, CIN = 0.33I'F,COUT = 0.1I'F, TJ = 25°C 
unless otherwise specified. 

7BM15C' 78M20' 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 

VIN = 23V VIN = 29V 
VOUT Output voltage 14.4 I 15.0 I 15.6 19.2 I 20 

\ 
20.8 

Over temp!, 5mA:S; IOUT:S; 350mA 17.5V :s; VIN :s; 30V 24V
1

:S; VIN :s; 35V 
14.251 1 15.75 19 1 21 

Line regulation IOUT= 200mA 17.5V:S; VIN:S; 30V 23V:S; VIN.:S; 35V 

1 10 1 100 I 10 I 60 
20V :s; VIN :s; 30V 24V :s; VIN :s; 35V 

3 50 5 30 

Load regulation 5mA:S; IOUT:S; 500mA 25 150 30 200 
5mA:S; IOUT:S; 200mA 10 75 10 100 

Icc 4.B 6.0 4.9 6.0 

Alec With line Over temp~, lOUT = 200mA 17.5V:S; VIN :s; 30V 24V :s; VIN :s; 35V 
O.B O.B 

Alec With load 5mA :s; lOUT :s; 350mA O.S 0,5 

Output noise voltage 10Hz:s; f:S; 100kHz, TA = 25°C 90 110 

Voltage drift mV/1000hrs. 60 80 

Ripple rejection Over temp!, f = 120Hz 18.5V:S; VIN :s; 2B.5V 24V :s; VIN :s; 34V 
54 70 53 70 

Dropout voltage 2.0 2.0 

Ise VIN = 3SV 240 240 

Peak output current 700 700 

VOUT Output temperature drift lOUT = SmA O°C:s; TJ:S; 12SoC O°C:S; TJ:S; 1S0°C 
1 -1.0 1 1 -1.1 1 

DC ELECTRICAL CHARACTERISTICS (Cont'd) 

78M20C' 78M24' 7BM24C' 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max Min Typ Max 

VIN = 29V VIN = 33V VIN = 33V 
VOUT Output voltage 19.2\ 20 12o.B 23.0 124.0 1 2S.0 23.0 I 24.0 I 2S.0 

Over temp~, 5mA :s; lOUT :s; 350mA 23V :s; VIN :s; 35V 2BV :s; VIN :s; 3BV 27V I VIN :s; 3BV 
19 I 1 21 22.BI 125.2 22.8 1 2S.2 

Line regulation lOUT'" 200mA 23V :s; VIN :s; 35V 27V :s; VIN :s; 3BV 27V :s; VIN :s; 3BV 

I 10 1100 1 10 160 I 10 I 100 
24V:S; VIN:S; 3SV 30V :s; VIN :s; 36V 28V·:S; VIN:S; 3BV 

S 50 S 30 S SO 

Load regulation SmA :s; lOUT :s; SOOmA 30 400 30 240 30 4BO 
SmA :s; lOUT :s; 200mA 10 200 10 120 10 240 

Icc 4.9 6.0 5 6.0 S 6.0 

Alec With line Over temp:, lOUT = 200mA 23V :s; VIN :s; 3SV 28V :s; VIN :s; 3BV 27V :s; VIN :s; 3BV 
O.B O.B O.B 

Alec With load SmA :s; lOUT :s; 3S0mA O.S O.S O.S 

Output noise voltage 10Hz:s; f:S; 100kHz, TA = 2SoC 110 170 170 

Voltage drift mV/1000hrs. BO 96 96 

Ripple rejection Over temp:, f = 120Hz 24V :s; VIN :s; 34V 2BV :s; VIN :s; 3BV 2BV:S; VIN :s; 3BV 
S3 70 SO 70 50 70 

Dropout voltage 2.0 2.0 2.0 

Ise VIN = 3SV 240 240 240 

Peak output current 700 700 700 

VOUT Output temperature drift lOUT = SmA O°C :s; TJ :s; 12SoC O°C:S; TJ:S; 1S0°C O°C:S; TJ:S; 12SoC 

1 -1.1 I 1-1.2 1-1.21 

170 SmnOliCS 

UNIT 

V 

V 

mV 

mV 

mV 
mV 

mA 

mA 
mA 

p.V 

mV 

dB 

V 

mA 

mA 

mV/oC 

UNIT 

V 

V 

mV 

mV 

mV 
mV 

mA 

mA 
mA 

p.V 

mV 

dB 

V 

mA 

mA 

mV/oC 



,..A7BMOO/7BMOOC/SA7BMOOC-DB,U 

DC ElECTFHCAl CHARACTERISTICS (Conl'd) lOUT = 350mA, CIN = 0.33,..F, COUT = 0.1,..F, TJ = 25°C 
unless otherwise specified. 

SA78M05C2 SA7BM06C2 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 

VIN = 10V VIN = 11V 
VOUT Output voltage 4.8 I 5.0 I 5.2 5.75 I 6.0 I 6.25 

Over temp~ 5mA :s; IOUT:S; 350mA 7V:S; VIN:S; 25V B.OV:S; VIN :s; 21V 
4.7 I I 5.3 5.7 I I 6.3 

Line regulation lOUT = 200mA 7V:S; VIN:S; 25V BV:S; VIN:S; 25V 

I 3 I 100 I 5 I 100 

BV:S; VIN:S; 25V 9V:S; VIN:S; 25V 
1 50 1.5 50 

Load regulation 5mA:S; lOUT :s; 500mA 20 100 20 120 
5mA :s; lOUT :s; 200mA 10 50 10 60 

Icc 4.5 6.0 4.5 B.O 

.:lIce With line Over temp~ lOUT = 200mA BV:S; VIN:S; 25V 9V:S; VIN:S; 25V 
0.6 0.6 

.:lIce With load 5mA :s; lOUT :s; 350m A 0.3 0.3 

Output noise voltage 10Hz:s; f:S; 100kHz, TA = 25°C 40 45 

Voltage drift mV/1000hrs. 20 24 

Ripple rejection Over temp~ f = 120Hz BV:S; VIN:S; 18V 9V:S; VIN:S; 19V 
62 80 59 BO 

Dropout voltage 2.0 2.0 

Isc VIN = 35V 300 270 

Peak output current 700 700 

VOUT Output temperature drift O°C:S; TJ:S; +125°C, lOUT = 5mA -1.0 -0.5 

DC ELECTRICAL CHARACTERISTICS (Cont'd) 

SA7BMOBC2 SA7BM12C2 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 

VIN = 14V VIN = 19V 
VOUT Output voltage 7.7 I B.O I B.3 11.5 I 12.0 I 12.5 

Over temp.~ 5mA:S; IOUT:S; 350m A 10.5V:S; VIN :s; 23V 14.5V :s; VIN :s; 27V 
7.6 I I B.4 11.4 I I 12.6 

Line regulation lOUT = 200mA 10.5V:S; VIN :s; 25V 14.5V:S; VIN :s; 30V 

I 6 I 100 I B I 100 
11V:S; VIN:S; 25V 16V:S; VIN :s; 30V 

2 50 2 50 

Load regulation 5mA:S; IOUT:S; 500mA 25 160 25 240 
5mA :s; lOUT :s; 200mA 10 80 10 120 

Icc 4.6 8.0 4.B B.O 

.:lIce With line Over temp.~ lOUT = 200mA 10.5V:S; VIN :s; 25V 14.5V:S; VIN:S; 30V 
0.6 0.6 

.:lIce . With load 5mA :s; lOUT :s; 350mA 0.3 0.3 

Output noise voltage 10Hz:s; f:S; 100kHz, TA = 25°C 52 75 

Voltage drift mV/1000hrs. 32 48 

Ripple rejection Over temp.~ f = 120Hz 11.5V :s; VIN :s; 21.5V 15V:S; VIN:S; 25V 
56 BO 55 80 

Dropout voltage 2.0 2.0 

Isc VIN = 35V 250 240 

Peak output current 700 700 

VOUT Output temperature drift O°C:S; TJ:S; +125°C, lOUT = 5mA -0.5 -1.0 

s~nDtics 

UNIT 

V 

V 

mV 

mV 

mV 
mV 

mA 

mA 
mA 

!'-V 

mV 

dB 

V 

mA 

mA 

mV;oC 

UNIT 

V 

V 

mV 

mV 

mV 
mV 

mA 

mA 
mA 

,..V 

mV 

dB 

V 

mA 

mA 

mV/oC 
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p.A 78M00178MOOC/SA 78MOOC-DB, U 

DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = 350mA, CIN = 0.33p.F,COUT = 0.1p.F, TJ = 25°C· 
unless otherwise specilied. 

SA78M1SC2 SA78M20C2 SA78M24C2 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max Min Typ Max 

VIN = 23V VIN = 29V VIN = 33V 
VOUT Output voltage 14.4 115.0115.6 19.21 20 1 20.8 23.0 I 24.01 25.0 V 

17.5V:;; VIN :;; 30V 23V:;; VIN:;; 35V 27V :;; VIN :;; 38V 
Over temp~ 5mA ~ lOUT:;; 350mA 14.251 '115.75 19 1 I 21 22.81 125.2 V 

Line regulation lOUT = 200mA 17.5V ~ VIN ~ 30V 23V ~ VIN :;; 35V 27V ~ VIN :;; 38V 

I 10 1 100 1 
10 1 100 I 10 1 100 mV 

20V :;; VIN ~ 30V 24V :;; VIN ~ 35V 30V :;; VIN :;; 38V 
3 50 5 50 5 50 mV 

Load regulation 5mA ~ lOUT:;; 500mA 25 150 30 400 30 480 mV 
5mA :;; lOUT:;; 200mA 10 75 10 200 10 240 mV 

Icc 4.8 8.0 4.9 6.5 5 7 rnA 

.:lIce With line Over tempf. lOUT = 200mA 17.5V:;; VIN :;; 30V 23V :;; VIN ~ 35V 27V :;; VIN :;; 38V 
0.6 0.6 0.6 rnA 

.:lIce With load 5mA :;; lOUT:;; 350mA 0.3 0.3 0.3 rnA 

Output noise voltage 10Hz:;; I ~ 100kHz, TA = 25°C 90 110 170 p.V 

Voltage drift mVl1000hrs. 60 80 96 mV 

Ripple rejection Over temp? I = 120Hz 18.5V :;; VIN ~ 28.5V 24V:;; VIN :;; 34V 28V :;; VIN :;; 38V 
54 70 

Dropout voltage 2.0 

Ise VIN = 35V 240 

Peak output current 700 

VOUT Output temperatu re drift 0°C:;;TJ:;;+125°C,louT=5mA -1.0 

NOTES 
1. -55°C'; TJ'; +1500 e for 78MOD 

DOC'; TJ'; +125°e for 78MDOe 
2. -40°C'; TJ'; +125°e for SA78MODe 

TYPICAL PERFORMANCE CHARACTERISTICS 

MAXIMUM AVERAGE POWER 
DISSIPATION AS A FUNCTION OF 

AMBIENT TEMPERATURE 
(TO-220~ 78MOOC. SA78MOOC) 
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DROPOUT VOLTAGE 
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DESCRIPTION 
The 7800 series of monolithic Three­
Terminal Positive Voltage Regulators em­
ploy internal current limiting, thermal shut­
down and safe-area compensation, making 
them essentially indestructible. If adequate 
heat sinking is .provided, they can deliver 
over 1A output current. They are intended 
as fixed-voltage regulators in a wide range 
of applications including local, on-card reg­
ulation for elimination of distribution prob­
lems associated with single point regula­
tion. In addition to use as fixed voltage 
regulators, these devices can be used with 
external components to obtain adjustable 
output voltages and currents and also as the 
power pass element in precision regulators. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Input voltage 
5V through 12V 
14V through 24V 

Internal power dissipation1 

Storage temperature range 
Operating junction temperature range2 

7800 
SA7800C 
7800C 

Lead temperature 

FEATURES 
• Output current in excess of 1 amp 
• No external components 
• Internal thermal overload protection 
• Internal short circuit current limiting 
• Output transistor safe-area compensa­

tion 
• Available in tbe TO-220 and the TO-3 

package 
• Output voltages of 5, 6, 8, 12, 14, 15, 18, 

and 24 volts 
• Mil std 883 A, e, C available 

RATING UNIT 

35 V 
40 V 

Internally limited 
-65 to +150 ·C 

-55 to +150 ·C 
-40 to +85 ·C 
o to +125 ·C 

·C 
TO-3 package (soldering, 60 second time limit) 300 
TO-220 package (soldering, 60 second time limit) 

NOTES 

1. Thermal resistance of the packages (without a heat sink) 
~unction to case: TO-3 package 4° CIW; TO-220 package 2°CIW 
JUnction to ambient: TO-3 package 35°C/W; TO-220 package 5Q°C/W 

2. Operating ambient temperature range 
7800 -55°C to +125°C 
7800C O°C to +85°C 
SA7800C -40°C to +85'C 

SCHEMATIC DIAGRAM 

230 ·C 
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PIN CONFIGURATION 

U PACKAGE (TO-220) 

~ 
OUTPUT (2) 

ru~! ~r COMMON(3) 

INPUT (1) 

ORDER INFORMATION 
OUTPUT ORDER 
VOLTAGE PART NO. 

5V 7805CUlSA7805CU 
6V 7806CUlSA7806CU 
8V 7806CUlSA7808CU 

12V 7812CUlSA7812CU 
13.8V 7814CUlSA7814CU 

15V 7815CUlSA7815CU 
18V 7818CUlSA781BCU 
24V 7824CUlSA7824CU 

DA PACKAGE (TO-3) 

COMMOQ(3) OUTPUT(2) 

o 0 

. . INPUT (I) 

ORDER INFORMATION 
OUTPUT ORDER 

VOLTAGE PART NO. 

5V 7B05DAlSA 7805CDA 
6V 7806DAlSA7806CDA 
8V 7808DAlSA7B08CDA 

12V 7812DAlSA 7812CDA 
13.8V 7814DAlSA7814CDA 

15V 7815DAlSA7815CDA 
lBV 781BDAlSA7818CDA 
24V 7824DAlSA7824CDA 
5V 7805CDA 
BV 7806CDA 
8V 7808CDA 

12V 7812CDA 
13.8V 7814CDA 

15V 7815CDA 
18V 7818CDA 
24V 7824CDA 



IIIREE TERMINAL POSITIVE VOLTAGE REGULAIOR 

DC ELECTRICAL CHARACTERISTICS lOUT = 500mA,CIN = 0.33"F, COUT = 0.1"F, TJ = 25°C 
unless otherwise specified. 

PARAMETER TEST CONDITIONS 78051 780SC1 

Min Typ Max Min Typ Max 

VOUT Output voltage VIN = 10V VIN = 10V 
4.8 I' 5.0 i 5.2 4.8 '1 5.0 1 5.2 

Over temp., SmA :5 lOUT :5 1.0A, 8V f VIN :5 20V 7V f VIN :5 i5V 
Po:5 15W 4.65 1 5.35 4.75 5.25 

Line regulation 7V :5 VIN :5 25V 7V:5 VIN :5 25V 

I 3 I 50 I 3 I 100 
8V:5 VIN:5 12V 8V:5 VIN :5 12V 

1 25 1 50 

Load regulation 5mA :5 lOUT :5 1.5A 15 50 15 100 
250mA :5 lOUT :5 750mA 5 25 5 50 

Icc 4.2 6.0 4.2 8.0 

Ll.lcc Over temp.~ with line 8V :5 VIN :5 25V 7V :5 VIN :5 25V 
0.8 1.3 

With load, 5mA :5 lOUT :5 1.0A 0.5 0.5 

Output noise voltage 10Hz :5 f :5 100kHz 40 40 

Voltage drift 20 20 

Ripple rejection Over temp.) f = 120Hz 8V:5 VIN:5 18V 8V:5 VIN :5 18V 
68 78 62 78 

Dropout voltage lOUT - 1.0A 2.0 2.0 

Output resistance f = 1kHz 17 17 

Isc 750 750 

Peak output current 2.2 2.2 

VOUT Output temperature drift IOUT= 5mA O°C:5 TJ:5 150°C O°C:5 TJ:5 125°C 
I -1.1 I r -1.1 f 

DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = 500mA, CIN = 0.33"F, COUT = 0.1"F, TJ = 25°C 
unless otherwise specified.· 

PARAMETER 

VOUT Output voltage 

Line regulation 

Load regulation 

Icc 

Ll.lcc 

Output noise voltage 

Voltage drift 

Ripple rejection 

Dropout voltage 

Output resistance 

Isc 

Peak output current 

VOUT Output temperature drift 

NOTES 
1. -55°C:;; T J:;; ISOoC for 7800 

O°C:;; TJ :;;125°C for 7800C 
2. 40°C:;;TJ:;;+125°CforSA7800C 

TEST CONDITIONS 

Over temp.! 5mA :5 lOUT :5 1.0A, 
Po:5 15W 

5mA:5 IOUT:5 1.5A 
250mA :5 lOUT :5 750mA 

Over temp.1 with line 

With load, 5mA :5 lOUT :5 1.0A 

10Hz:5 f::;:: 100kHz 

Over temp.1 f = 120Hz 

lOUT -1.0A 

f = 1kHz 

lOUT = 5mA 

SjgnOliCS 

78061 

Min Typ Max 

VIN = 11V 
5.75 I 6.0 I 6.25 

9V f VIN :5 21V 
5.65 1 6.35 

8V :5 VIN :5 25V 

I 5 1 60 
9V:5 VIN:5 13V 

1.5 30 

14 60 
4 30 

4.3 6.0 

9V :5 VIN :5 25V 
0.8 
0.5 

45 

24 

9V:5 VIN:5 19V 
65 75 

2.0 

19 

550 

2.2 

O°C:5 TJ:5 150°C 
T -0.8 I 

7806C1 

Min Typ Max 

5.75 
VIN = 11V 
I 6.0 I 6.25 

8V :5 VIN :5 21V 
5.7 1 1 6.3 

8V :5 VIN :5 25V 

I 5 120 
9V:5 VIN :5 13V 

1.5 60 

14 120 
4 60 

4.3 8.0 

8V:5 VIN:5 25V 
1.3 
0.5 

45 

24 

9V:5 VIN :5 19V 
59 75 

.2.0 
19 

550 

2.2 

O°C:5 TJ :5Y50 C f -0.8 

. Pll800 
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DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = 500mA, CIN = 0.33/LF, COUT = 0.1/LF, TJ = 25°C 
I h' T d un ess ot erwlse speci Ie . 

78081 7808C1 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 

VOUT Output voltage VIN = 14V VIN = 14V 
7.7 I 8.0 I 8.3 7.7 I 8.0 I 8.3 

Over temp., 5mA ~ lOUT ~ 1.0A, 11.5V $ VIN ~ 23V 10.5V ~ VIN ~ 23V 
Po ~ 15W 7.6 I I 8.4 7.6 I I 8.4 

Line regulation 10.5V $ VIN ~ 25V 10.5V ~ VIN ~ 25V 

I 6 I 80 I 6 I 160 
11V ~ VIN $17V 11V.~ VIN ~ 17V 

2 40 2 80 

Load regulation 5mA ~ lOUT ~ 1.5A 12 80 12 160 
250mA ~ lOUT ~ 750mA 4 40 4 80 

Icc 4.3 6.0 4.3 8.0 

~Icc Over temp.1 with line 11.5V ~ VIN ~ 25V 10.5V ~ VIN ~ 25V 
0.8 1.0 

With load, 5mA $ lOUT $ 1.0A 0.5 0.5 

Output noise voltage 10Hz ~ f $ 100kHz 52 52 

Voltage drift 32 32 

Ripple rejection Over temp.1 f = 120Hz 11.5V $ VIN $ 21.5V 11.5V $ VIN $ 21.5V 
62 72 56 72 

Dropout voltage lOUT = 1.0A 2.0 2.0 

Output resistance f = 1kHz 16 16 

Isc 450 450 

Peak output current 2.2 2.2 

VOUT Output temperature drift lOUT = 5mA O°C $ TJ $ 150°C O°C $ TJ $ 125°C r -0.81 1 -0.8 I 
DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = 500mA, CIN = 0.33/LF, COUT = 0.1/LF, TJ = 25°C 

unless otherwise specified 

PARAMETER TEST CONDITIONS 
78121 7812C1 

Min Typ Max Min Typ Max 

VOUT Output voltage VIN = 19V VIN = 19V 
11.5 112.0 1 12.5 11.5 1 12.0 T 12.5 

Over temp.~ 5mA $ lOUT $ 1.0A, 15.5V $ VIN f27V 14.5JV ~ VIN 1$ 27V 
Po~ 15W 11.4 1 12.6 11.4 12.6 

Line regulation 14.5V ~ VIN $ 30V 14.5V ~ VIN $ 30V 

I 10 1 120 1 10 I 240 
16V $ VIN $ 22V 16V $ VIN $ 22V 

3 60 3 120 
Load regulation 5mA $ lOUT $ 1.5A 12 120 12 240 

250mA $ lOUT $ 750mA 4 60 4 120 

Icc 4.3 6.0 4.3 8.0 

~Icc Over temp.~ with line 15V ~ VIN $ 30V 14.5V $ VIN $ 30V 
0.8 1.0 

With load, 5mA ~ lOUT $1.0A 0.5 0.5 

Output noise voltage 10Hz $ f $ 100kHz 75 75 

Voltage drift 48 48 

Ripple rejection Over temp.1 f = 120Hz 15V ~ VIN ~ 25V 15V $ VIN$ 25V 
61 71 55 71 

Dropout voltage lOUT = 1.0A 2.0 2.0 
Output resistance f = 1kHz 18 18 

Isc 350 350 
Peak output current 2.2 2.2 

VOUT Output temperature drift lOUT = 5mA O°C $ TJ $ 150°C 
T -1.0 I 

O°C ~ TJ $ 125°C 
" -1.0 i 
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DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = 500mA, CIN = 0.33"F, COUT = 0.1J.LF, TJ = 25°C 
I h· T d un ess ot erwlse sp_eci Ie . 

78141 7814C1 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 

VOUT Output voltage VIN = 22V VIN = 22V 
13.3 I 13.8 1 14.3 13.3 1 13.8 1 14.3 

Over temp.) 5mA :;; lOUT:;:; 1.0A, 17.5V :;; VIN :;; 29V 16.5V:;:; VIN :;:; 29V 
Po:;:; 15W 13.151 114.45 13.151 1 14.95 

Line regulation 16.5V :;:; VIN :;; 30V 16.5V :;; VIN :;:; 30V 

1 10 1 140 I 10 1 280 
19V :;:; VIN :;:; 25V 19V:;:; VIN :;:; 25V 

3 70 3 140 

Load regulation 5mA :;:; lOUT:;; 1.5A 12 140 12 280 
250mA :;; lOUT:;; 750mA 4 70 4 140 

Icc 4.3 6.0 4.3 8.0 

.:lIce Over temp.) with line 17V :;:; VIN :;:; 30V 16.5V:;:; VIN:;:; 30V 
0.8 1.0 

With load, 5mA :;; lOUT:;:; 1.0A 0.5 0.5 

Output noise voltage 10Hz:;; f:;:; 100kHz 85 85 

Voltage drift 56 56 

Ripple rejection Over temp.1 f = 120Hz 17V :;:; VIN :;:; 27V 17V :;:; VIN :;:; 27V 
54 70 60 70 

Dropout voltage lOUT = 1.0A 2.0 2.0 

Output resistance f = 1kHz 18 18 

Isc 350 350 

Peak output current 2.2 2.2 

VOUT Output temperature drift lOUT = 5mA O°C:;:; TJ:;; 150°C O°C:;; TJ :;; 125°C 
I 1.0 I I 1.0 J 

DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = 500mA, CIN = 0.33"F, COUT = 0.1"F, TJ = 25°C 
unless otherwise specified. 

PARAMETER TEST CONDITIONS 
78151 7815C1 

Min Typ Max Min Typ Max 

VOUT Output voltage VIN = 23V VIN = 23V 
14.4 I 15.0 1 15.6 14.4 1 15.0 I 15.6 

Over temp.1 5mA :;; lOUT:;:; 1.0A, 18.5,:;; VIN f30V 17.5V :;:; VIN :;:; 30V 
Po:;:; 15W 14.25 15.75. 14.25 I I 15.75 

Line regulation 17.5V:;; VIN :;; 30V 17.5V :;; VIN :;:; 30V 

I 11 I 150 I 11 1 300 
20V :;; VIN :;; 26V 20V :;; VIN :;:; 26V 

3 75 3 150 

Load regulation 5mA :;:; lOUT:;:; 1.5A 12 150 12 300 
250mA :;; lOUT:;; 750mA 4 75 4 150 

Icc 4.4 6.0 4.4 8.0 

.:lIce Over temp.) with line 18.5V:;:; VIN :;:; 30V 17.5V:;; VIN :;:; 30V 
0.8 1.0 

With load, 5mA < lOUT < 1.0A 0.5 0.5 

Output noise voltage 10Hz:;:; f:;; 100kHz 90 90 
Voltage drift 60 60 

Ripple rejection Over temp.f f = 120Hz 18.5V:;; VIN :;; 28.5V 18.5V:;; VIN :;:; 28.5V 
60 70 54 70 

Dropout voltage lOUT = 1.0A 2.0 2.0 

Output resistance f = 1kHz 19 19 

Isc 230 230 

Peak output current 2.1 2.1 

VOUT Output temperature drift IOUT= 5mA O°C:;; TJ:;:; 150°C 
I -1.0 i 

O°C:;; TJ:;; 125°C 
f -1.0 I 

SI!JIIDliCS 
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DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = SOOmA, CIN = 0.33~F, COUT = 0.1~F, TJ = 2S'C 
unless otherwise specified 

PARAMETER TEST CONDITIONS 7818' 7818C' 

Min Typ Max Min Typ Max 

VOUT Output voltage VIN= 27V VIN = 27V 
17.3 I 18.0 I 18.7 17.3 I 18.0 I 18.7 

Over temp.~ SmA :5 lOUT :51.0A, 22V :5 VIN :5 33V 21V :5 VIN :5 33V 
Po :51SW 17.1 I I 18.9 17.1 I I 18.9 

Line regulation 21 V :5 VIN :5 33V 21V :5 VIN :5 33V 

i 1S I 180 I 1S I 360 
24V :5 VIN :5 30V 24V :5 VIN :5 30V 

S 90 S 180 

Load regulation SmA :5 lOUT :5 1.SA 12 180 12 360 
2S0mA :5 lOUT :5 7S0mA 4 90 4 180 

Icc 4.S 6.0 4.S 8.0 

,:lIce Over temp.! with line 22V:5 VIN :5 33V 21V:5 VIN :5 33V 
0.8 1.0 

With load, SmA :5 lOUT :5 1.0A O.S O.S 

Output noise voltage 10Hz :5 f :5 100kHz 110 110 

Voltage drift 72 72 

Ripple rejection Over temp.1 f = 120Hz 22V :5 VIN :5 32V 22V :5 VIN :5 32V 
S9 69 S3 69 

Dropout voltage lOUT = 1.0A 2.0 2.0 

Output resistance f = 1kHz 22 22 

Isc 200 200 

Peak output current 2.1 2.1 

VOUT Output temperature drift lOUT = SmA O'C:5 TJ:5 1S0'C O·C:5 TJ:5 12S'C 
I -1.0 I I -1.0 I 

DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = SOOmA, CIN = 0.33~F, COUT = 0.1~F, TJ = 2S'C 
unless otherwise specified 

PARAMETER TEST CONDITIONS 
7824' 7824C' 

Min Typ Max Min Typ Max 

VOUT Output voltage VIN = 33V VIN=33V 
23.0 I 24.0 1 2S.0 23.0 I 24.0 I 2S.0 

Over temp.~ SmA :5 lOUT :5 1.0A, 28V:5 VIN :5 38V 28V :5 VIN :5 38V 
Po :51SW 22.8 I I 2S.2 22.8 I I 2S.2 

Line regulation 27V:5 VIN :5 38V 27V :5 VIN :5 38V 

I 18 I 240 I 18 I 480 
30V:5 VIN :5 36V 30V:5 VIN :5 36V 

6 120 6 240 

Load regulation SmA :5 lOUT :5 1.SA 12 240 12 480 
2S0mA :5 lOUT :5 7S0mA 4 120 4 240 

Icc 4.6 6.0 4.6 8.0 

,:lIce Over temp.1 with line 28V :5 VIN :5 38V 27V:5 VIN :5 38V 
0.8 1.0 

With load, SmA :5 lOUT :5 1.0A O.S O.S 

Output noise voltage 10Hz:5 f:5 100kHz 170 170 

Voltage drift 96 96 

Ripple rejection Over temp.] f = 120Hz 28V :5 VIN :5 38V 
S6 66 SO /66 

Dropout voltage lOUT = 1.0A 2.0 2.0 

Output resistance f = 1kHz 28 28 

Isc 150 150 

Peak output current 2.1 2.1 

VOUT Output temperature drift lOUT = SmA 0'C:5TJ:51S0'C O'C:5 T J:5 12S'C 
I -1.sf I -1.S I 
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DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = 500mA, CIN = 0.33/LF, COUT =O.l/LF, TJ = 25°C 
unless otherwise specified 

PARAMETER TEST CONDITIONS 
SA7805C2 SA7806C2 

Min Typ Max Min Typ Max 

VOUT Output voltage VIN = 10V VIN = l1V 
4.8 I 5.0 I 5.2 5.75 I 6.0 I 6.25 

Over temp.~ 5mA :5 lOUT :5 1.0A, 7V I VIN ,25V 8V :5 VIN :5
1
25V 

Po:5 15W 4.65 5.35 5.65 I 6.35 

Line regulation 7V:5 VIN :5 25V 8V :5 VIN :5 25V 
I 3 I 100 I 5 I 120 

8V:5 VIN :5 l2V 9V:5VIN :513V 
1 SO 1.5 60 

Load regulation 5mA :5 lOUT :5 1.5A 15 100 14 120 
250mA :5 lOUT :5 750mA 5 50 4 60 

Icc 4.2 8.0 4.3 8.0 

alec Over temp.~ with line 7V :5 VIN :5 25V 8V :5 VIN :5 25V 
0.8 0.8 

With load, SmA :5 lOUT :5 1.0A 0.3 0.3 

Output noise voltage 10Hz :5 f :5 100kHz 40 45 

Voltage drift 20 24 

Ripple rejection Over temp.~ f = 120Hz 8V:5 VIN :5 18V 9V:5 VIN :5 19V 
62 78 S9 75 

Dropout voltage lOUT = 1.0A 2.0 2.0 

Output resistance f = 1kHz 17 19 

Ise 750 550 

Peak output current 2.2 2.2 

VOUT Output temperature drift O·C :5 TJ :5 125°C -1.1 -0.8 
lOUT = 5mA 

DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = SOOmA, CIN = 0.33/LF, COUT = O.l/LF, TJ = 25°C 
unless otherwise specified 

PARAMETER TEST CONDITIONS 
S47808C2 SA7812C2 

Min Typ Max Min Typ Max 

VOUT Output voltage VIN = 14V VIN = 19V 
7.7 I 8.0 I 8.3 11.S I 12.0 I 12.5 

Over temp.~ 5mA :5 IOUT:5 1.0A, 10.51:5 VIN 1:5 23V 14.y :5 VIN 1:5 27V 
Po:5 lSW 7.6 8.4 11.4 12.6 

Line regulation 10.5V :5 VIN :5 2SV 14.SV :5 VIN :5 30V 
I 6 I 160 I 10 I 240 

l1V:5 VIN :5 17V 16V:5 VIN :5 22V 
2 80 3 120 

Load regulation SmA :5 lOUT :5 1.5A 12 160 12 240 
2S0mA :5 lOUT :5 750mA 4 80 4 120 

Icc 4.3 8.0 4.3 8.0 

alec Over temp.~ with line 10.5V:5 VIN :5 25V l4.5V:5 VIN :5 30V 
0.8 0.8 

With load, 5mA:5 IOUT:5 1.0A 0.3 0.3 

Output noise voltage 10Hz :5 f :5 1.00kHz 52 75 

Voltage drift 32 48 

Ripple rejection Over temp.~ f = 120Hz 11.SV:5 VIN ::; 21.5\1 15V::; VIN :5 25V 
S6 72 61 71 

Dropout voltage lOUT = 1.0A 2.0 2.0 

Output resistance f = 1kHz 16 18 

Ise 450 350 

Peak output current 2.2 2.2 

VOUT Output temperature drift O"C::; TJ::; 125°C -0.8 -1.0 
lOUT = 5mA 

Si!lDotiCS 

7800-DA,U 

UNIT 

V 

V 

mV 

mV 

mV 
mV 

mA 

mA 
mA 

/LV 

mV/l000hrs. 

dB 

V 

mil 

mA 

A 

mV/oC 

UNIT 

V 

V 

mV 

mV 

mV 
mV 

mA 

mA 
mA 

/LV 

mV/l000hrs. 

dB 

V 

mil 

mA 

A 

mV/oC 

179 



7800-DA,U 

DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = SOOmA, CIN = 0.33/LF, COUT =O.l/LF, TJ = 2S·C 
unless otherwise specified 

PARAMETER TEST CONDITIONS 
SA7814C2 SA7815C2 

UNIT 
Min Typ Max Min Typ Max 

VOUT Output voltage VIN= 22V VIN =23V 
13.3 I 13.8 I 14.3 14.4 I 15.0 I 15.6 V 

Over temp.~ 5mA :::; lOUT:::; 1.0A, 16.5,:::; VIN f 29V 17'i:::; VIN f 30V 
Po:::; 15W 13.15 14.95 14.25 15.75 V 

Line regulation 16.5V:::; VIN :::; 30V 17.5V :::; VIN :::; 30V 

I 10 I 280 I 11 I 300 mV 
19V:::; VIN :::; 2SV 20V:::; VIN :::; 26V 

3 140 3 150 mV 

Load regulation 5mA :::; lOUT:::; 1.5A 12 280 12 150 mV 
250mA :::; lOUT:::; 750mA 4 140 4 75 mV 

Icc 4.3 8.0 4.4 8.0 mA 

Icc Over temp.~ with line 16.5V:::; VIN :::;30V 17.5V:::; VIN :::; 30V 
0.8 0.8 mA 

With load, 5mA :::; lOUT:::; 1.0A 0.3 0.3 mA 

Output noise voltage 10Hz:::; f:::; 100kHz 85 90 /LV 

Voltage drift 56 60 mV/l000hrs 

Ripple rejection Over temp.~ f = 120Hz 17V:::; VIN :::; 27V 18.5V:::; VIN :::; 28.5V 
60 70 60 70 dB 

Dropout voltage lOUT = 1.0A 2.0 2.0 V 

Output resistance f = 1kHz 18 19 mn 

Isc 350 230 mA 

Peak output current 2.2 2.1 A 

VOUT Output temperature drift O·C:::; TJ:::; 125·C -1.0 -1.0 mV/·C 
lOUT = SmA 

DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = 500mA, CIN = 0.33/LF, COUT = O.l/LF, TJ = 25·C 
unless otherwise specified 

PARAMETER 
SA7818C2 SA7824C2 

TEST CONDITIONS UNIT 
Min Typ Max Min Typ Max 

VOUT Output voltage VIN = 27V VIN=33V 
17.31 18.0 I 18.7 23.0 I 24.0 I 25.0 V 

Over temp~ 5mA :::; lOUT:::; 1.0A, 21V :::; VIN :::; 33V 28V :::; VIN :::; 38V 
Po < 15W 17.1 I I 18.9 22.8 I I 25.2 V 

Line regulation 21V :::; VIN :::; 33V 27V:::;VIN :::; 38V 
I 15 I 360 I 18 I 480 mV 

24V :::; VIN :::; 30V 30V:::; VIN :::; 36V 
5 180 6 240 mV 

Load regulation 5mA :::; lOUT:::; 1.5A 12 360 12 480 mV 
250mA < lOUT < 750rnA 4 180 4 240 mV 

Icc 4.5 8.0 4.6 8.0 mA 

Icc Over temp~ with line 21V:::; VIN :::; 33V 27V:::; VIN :::; 38V 
0.8 0.8 mA 

With load, 5mA < lOUT < 1.0A 0.3 0.3 mA 

,Output noise voltage 10Hz:::; f:::; 100kHz 110 170 /LV 

Voltage drift 72 96 mV/1000hrs 

Ripple rejection Over temp~ f = 120Hz 22V :::; VIN :::; 32V 27V :::; VIN :::; 38V 
59 69 56 66 dB 

Dropout voltage lOUT = 1.0A 2.0 2.0 V 

Outp_ut resistance f = 1kHz 22 28 mn 

Isc 200 150 mA 

Peak output current 2.1 2.1 A 

VOUT Output temperature drift O·C:::; TJ:::; 125°C -1.0 -1.5 mV/oC 
lOUT = 5mA 
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TYPICAL PERFORMANCE CHARACTERISTICS 

MAXIMUM AVERAGE POWER 
DISSIPATION AS A FUNCTION OF 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

QUIESCENT CURRENT 
AS A FUNCTION OF INPUT. VOLTAGE 
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DESCRIPTION 
The f.1A7900 series of monolithic Three­
Terminal Negative Voltage Regulators em­
ploys internal current limiting, thermal shut­
down and safe-area compensation, making 
them essentially indestructible. If adequate 
heat sinking is provided, they can deliver 
over 1 A output current. They are intended 
as fixed-voltage complements to the 
MA7S00 positive regulators. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

VIN Input voltage 
-5V through -1SV 
-24V 

Internal power dissipation' 
TSlg Storage temperature range 
TJ Operating junction 

temperature range2 

7900 
7900C 

Lead temperature 
TO-3 package (soldering, 
60 second time limit) 
TO-220 package (soldering, 
10 second time limit) 

NOTES 

1. Thermal resistance of the packages (without a heat sink) 

FEATURES 
• Output current in excess of 1 amp 
• No external components 
• Internal thermal overload protection 
• Internal short circuit current limiting 
• Output transistor safe-area compensa­

tion 
• Available in the TO-220 and the TO-3 

packages 
• Output voltages of -5, -5.2, -6, -8, -12, 

-15. -18 and -24 volts 
• Mil std 883A,B,C available 

RATING UNIT 

V 
-35 
-40 
Internally limited 
-65 to +150 °C 

°C 

-55 to +150 
o to +125 

°C 
300 

230 

Junction to case: TO-3 Package 4°CIW; TO-220 Package 2°CIW 
Junction to ambient: TO-3 Package 35 t1 C/W; TO-220 Package 50°C/W 

2. Operating Ambient Temperature Range 
7900 -55'G 10 +125'G 
7900G O'G 10 +85'G 

SmootiCS 

MA7905/05.2/06/0S/12/15/1S/24-U,DA 

PIN CONFIGURATION 

U PACKAGE (TO-220) 

~
OUTPUTI2) 

[21 ~I! 7·~'· 
....... _--' COMMON 11) 

ORDER INFORMATION 

Output Order 
voltage part no. 
-5V 7905CU 
-5.2V 7905.2CU 
-6V 7906CU 
-8V 7908CU 
-12V 7912CU 
-15V 7915CU 
-18V 7918CU 
-24V 7924CU 

DA PACKAGE (TO-3) 

.. 

ORDER INFORMATION 

Output Order 
voltage part no. 
-SV 790SDA 
-S.2V 790S.2DA 
-6V 7906DA 
-8V 7908DA 
-12V 7912DA 
-1SV 791SDA 
-18V 7918DA 
-24V 7924DA 
-5V 7905CDA 
-S.2V 790S.2CDA 
-6V 7906CDA 
-8V 7908CDA 
-12V 7912CDA 
-1SV 7915CDA 
-18V 7918CDA 
-24V 7924CDA 

183 



JJA 7905/05.2/06/0S/12/15/1S/24-U ,DA 

DC ELECTRICAL CHARACTERISTICS lOUT = 500mA, -55°C:5 TJ :5150°C,1 
CIN = 2/LF,COUT = 1/LF unless otherwise specified. 

PARAMETER TEST CONDITIONS 
7905 7095C 7905.2 

UNIT 
Min Typ Max Min Typ Max Min Typ Max 

VOUT TJ = 25°C VIN = -10V VIN = -10V VIN = -10V V 

-4.S 1 -5.0 1 -5.2 -4.S 1 -5.0 1 -5.2 -5.0 1 -5.2 1 -5.4 
P:5 15W -SV :5 VIN :5 -20V -7V :5 VIN :5 -20V -SV :5 VIN :5 -20V 

5mA :5 lOUT i; 1.0A -4.7 11-5.3 -4.75 1 1-5.25 -5.0 1 I -5.4 

Line regulation TJ = 25°C -7V:5 VIN :5 -25V -7V:5 VIN :5 -25V -7.2V :5 VIN :5 -25V mV 

I 3 I 50 I 3 I 100 I 3 I 52 
-SV:5 VIN :5 -12V -SV - VIN :5 -12V -SV:5 VIN :5 -12V 

1 25 1 50 1 27 

Load regulation TJ = 25°C mV 

5mA :5 lOUT :5 1.5A 15 50 15 100 15 52 
250mA :5 lOUT :5 750mA 5 25 5 50 5 27 

Icc TJ = 25°C 1 2 1 2 1 2 mA 
with line -SV :5 VIN :5 -25V -7V :5 VIN :5 -25V -SV :5 VIN :5 -25V 

1.3 1.3 1.3 
with load 5mA :5 lOUT :5 1.0A .1 0.5 .1 0.5 .1 0.5 

Output noise TA=25°C /LV 
voltage 10Hz :5 f :51 OOkHz 125 125 130 

Long term 20 20 22 mV 
stability 

Ripple rejection f = 120Hz -SV:5 VIN :5 -1SV -SV:5 VIN:5 -1SV -SV:5 VIN:5 -1SV dB 
lOUT = 20mA 54 60 54 60 54 60 

Dropout voltage TJ = 25°C 1.1 1.1 1.1 V 
lOUT = 1.0A 

Output resistance f = 1kHz 17 17 17 mll 

los TJ = 25°C 500 500 '500 mA 

Peak output TJ = 25°C 2.1 2.1 2.1 A 
current 

Average lOUT = SmA O°C:5 TJ :5 150°C O°C :5 TJ :5 125°C O°C:5 TJ:5 150°C mV/oC 
tem perature -.4 -.4 -.4 
coefficient of 
input voltage 

NOTE 
1. 7900C - O·C:5 TJ:5 125·C 
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tlA 7905/05.2/06/08/1 2/15/18/24-U, D A 

DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = 500mA, -55°C::; TJ::; 150°C,1 
CIN = 21'F, COUT = 11'F unless otherwise specified. 

PARAMETER TEST CONDITIONS 
790S.2C 7906 7906C 

UNIT 
Min Typ Max Min Typ Max Min Typ Max 

VOUT TJ = 25°C VIN = - 10V VIN=-11V VIN = -11V V 
-5.0 I -5.2 I -5.4 -5.75 1 -6.0 1-6.25 -5.75 I -6.0 I -6.25 

P::; 15W -7.2V ::; VIN ::; -20V -9V::; VIN ::; -21V -8V ::; VIN ::; -25V 
5mA::; lOUT::; 1.0A -4.94 I I -5.46 -5.65 I -6.35 -5.7 I I -6.3 

Line regulation TJ = 25°C -7.2V::; VIN ::; -25V -8V ::; VIN ::; -25V -8V::; VIN ::; -25V mV 

I 3 I 105 I 5 I 60 I 5 I 120 
-8V::; VIN::; -12V -9V::; VIN ::; -13V -9V::; VIN ::; -13V 

1 52 1.5 30 1.5 60 

Load regulation TJ = 25°C mV 

5mA ::; lOUT::; 1.5A 15 105 14 60 14 120 
250mA ::; lOUT::; 750mA 5 52 4 30 4 60 

Icc TJ = 25°C 1 2 1 2 1 2 mA 
with line -7.2V::; VIN::; -25V -9V ::; VIN ::; -25V -8V ::; VIN ::; -25V 

1.3 1.3 1.3 
with load 5mA ::; lOUT::; 1.0A 0.1 0.5 0.1 0.5 0.1 0.5 

Output noise TA=25°C I'V 
voltage 10Hz::; f ::; 100kHz 130 150 150 

Long term 22 24 24 mV 
stability 

Ripple rejection f = 120Hz -BV ::; VIN ::; -18V -9V::; VIN ::; -19V -9V::; VIN ::; -19V dB 
lOUT = 20mA 54 60 54 60 54 60 

Dropout voltage TJ=25°C 1.1 1.1 1.1 V 
lOUT = 1.0A 

Output resistance f = 1kHz 17 19 19 mO 

los TJ = 25°C 500 500 500 mA 

Peak output TJ = 25°C 2.1 2.1 2.1 A 
current 

Average lOUT = 5mA O°C::; TJ::; 125°C O°C::; TJ ::; 150·C O°C::; TJ::; 125°C mY/DC 
temperature -0.4 -0.4 -0.4 
coefficient of 
input voltage 

NOTE 
1. 7900 - O°C:5 TJ :5125°C 
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fJ.A 790S/0S.2/06/08/12/1S/18/24-U ,DA 

DC ELECTRICAL CHARACTERISTICS (Cont'd) IOUT.= SOOmA, -SSOC S; TJ S;1S0°C,l 
CIN = 21lF; COUT = 11lF unless otherwise specified. 

PARAMETER TEST CONDITIONS 
7908 7908C 7912 

Min Typ Max Min Typ Max Min Typ Max 
UNIT 

VOUT TJ = 2SoC VIN = -14V VIN = -14V VIN= -19V V 
-7.7 I -8.0 I -8.3 -7.7 I -8.0 I -8.3 -11.S I -12.0 1-12.S 

P S; 1SW -11.SV S; VIN S; -23V -1 O.SV S; VIN S; -23V -1S.SV S; VIN S; -27V 
SmA S; lOUT S; 1.0A -7.6 I I -8.4 -7.6 I I -8.4 -11.4 1 r12.6 

Line regulation TJ = 2SoC -10.SV S; VIN S; -2SV -10.SV S; VIN S; -2SV -14.SV S; VIN S; -30V mV 

I 6 I 80 I 6 I 160 I 10 I 120 
-11V S; VIN S; -17V -11V S; VIN S; -17V -16V S; VIN S; -22V 

2 40 2 80 3 60 

Load regulation TJ = 2SoC mV 

SmA S; lOUT S; 1.SA 12 80 12 160 12 120 
2S0mA S; lOUT S; 7S0mA 4 40 4 80 4 60 

Icc TJ = 2SoC 1 2 1 2 1.S 3.0 rnA 
with line -11.SV S; VIN S; -2SV -10.SV S; VIN S; -2SV -1SV S; VIN S; -30V 

1.0 1.0 1.0 
with load SmA S; lOUT S; 1.0A .1 O.S .1 O.S .1 O.S 

Output noise TA = 2SoC IlV 
voltage 10Hz S; f S; 100kHz 200 200 300 

Long term 32 32 48 mV 
stability 

Ripple rejection f = 120Hz -11.SV S; ViN S; -21.SV -11.SV S; VIN S; -21.SV -1SV S; VIN S; -2SV dB 
lOUT = 20mA S4 60 S4 60 S4 60 

Dropout voltage TJ=2SoC 1.1 1.1 1.1 V 
lOUT = 1.0A 

Output resistance f·= 1kHz 16 16 18 mn 

ios TJ = 2SoC SOO SOO SOO rnA 

Peak output TJ = 2SoC 2.1 2.1 2.1 A 
current 

Average lOUT = SmA O°C S; TJ S; 1S0°C O°C S; TJ S; 12SoC O°C S; TJ S; 1S0°C mVioC 
temperature -0.6 -0.6 -0.8 
coefficient of 
input voltage 

NOTE 
1. 7900C - o·C,; TJ'; 12S·C 
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J1A7905/05.2/06/08/12/15/18/24-U,DA 

DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = 500mA, -55°C:;; TJ:;; 150°C,1 
C,N = 21'F, COUT = 11'F unless otherwise specified. 

PARAMETER TEST CONDITIONS 
7912C 7915 7915C 

UNIT 
Min _I Typ Max Min Typ Max Min Typ Max 

VOUT TJ = 25°C Y,N = -19V Y,N = -23V Y,N = -23V V 
-11.5 -12.0 -12.5 -14.4 -15.0 -15.6 -14.4 -15.0 -15.6 

P:;; 15W -14.5V:;; V,N:;; -27V -18.5V:;; Y,N :;; -30V -17.5V:;; Y,N :;; -30V 
5mA:;; lOUT:;; 1.0A -11.4 1 1-12.6 -14.25

1 1-15.75 -14.25 1 (,.75 

line regulation TJ = 25°C -14.5V :;; Y,N :;; -30V -17.5V:;; Y,N :;; -30V -17.5V:;; Y,N -30V mV 

I 10 I 240 I 11 I 150 I 11 I 300 
·-16V:;; Y,N :;; -22V -20V :;; Y,N :;; -26V -20V :;; Y,N:;; -26V 

3 120 3 75 3 150 

Load regulation TJ = 25°C mV 

5mA :;; lOUT:;; 1.5A 12 240 12 150 12 300 
250mA :;; lOUT:;; 750mA 4 120 4 75 4 150 

Icc TJ = 25°C 1.5 3.0 1.5 3.0 1.5 3.0 mA 
with line -14.5V:;; Y,N :;; -30V -18.5V:;; Y,N :;; -30V -17.5V:;; Y,N :;; -30V 

1.0 1.0 1.0 
with load 5mA :;; lOUT:;; 1.0A .1 0.5 .1 0.5 .1 0.5 

Output noise TA = 25°C I'V 
voltage 10Hz:;; f:;; 100kHz 300 375 375 

Long term 48 60 60 mV 
stability 

Ripple rejection f = 120Hz -15V :;; Y,N :;; -25V 18.5V:;; Y,N :;; -28.5V -18.5V:;; Y,N :;; -28.5V dB 
lOUT = 20mA 54 60 54 60 54 60 

Dropout voltage TJ = 25°C 1.1 1.1 1.1 V 
lOUT = 1.0A 

Output resistance f = 1kHz 18 19 19 mn 

los TJ = 25°C 500 500 500 mA 

Peak output TJ = 25°(; 2.1 2.1 2.1 A 
current 

Average lOUT = 5mA O°C:;; TJ:;; 125°C O°C:;; TJ:;; 150°C O°C:;; TJ :;; 125°C mV/oC 
temperature -0.8 -1.0 -1.0 
coefficient of 
input voltage 

NOTE 
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/J.A 7905/05.2/06/08/12/15/18/24-U, DA 

DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = 500mA, -55°C::; TJ::; 150°C,1 
C,N = 21'F, COUT = 11'F unless otherwise specified. 

7918 7918C 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 
UNIT 

VOUT TJ = 25°C V,N = -27V V,N = -27V V 
-17.3 1 -18.0 1-18.7 -17.3 1-18.0 1-18.7 

P::; 15W -22V ::; V,N ::; -33V -21V ::; V,N ::; -33V 
SmA::; lOUT::; 1.0A -17.1 , ,-18.9 -17.1 , ,-18.9 

Line regulation TJ = 25°C -21 V ::; V,N ::; -33V -21 V ::; V,N ::; -33V mV 

1 15 I 180 I 15 I 360 
-24V ::; V,N ::; -30V -24V ::; V,N ::; -30V 

5 90 5 180 

Load regulation TJ=25°e mV 

SmA::; lOUT::; 1.5A 12 180 12 360 
250mA ::; lOUT::; 750mA 4 90 4 180 

Icc TJ = 25°e 1.5 3.0 1.5 3.0 mA 
with line -22V ::; V,N ::; -33V -21V::; V,N ::; -33V 

1.0 1.0 
with load SmA::; lOUT::; 1.0A .1 0.5 .1 0.5 

Output noise TA = 25°e 
voltage 1.oHz ::; f ::; 100kHz 450 450 I'V 

Long term 72 72 mV 
stability 

Ripple rejection f = 120Hz -22V ::; V,N ::; -32V -22V ::; V,N ::; -32V dB 
lOUT = 20mA 54 60 54 60 

Drupout voltage TJ = 25°e 1.1 1.1 V 
lOUT = 1.0A 

Output resistance f = 1kHz 22 22 mO 

los T~ = 25°C 500 SOO mA 

Peak output TJ = 25°e 2.1 2.1 A 
current 

Average lOUT = 5mA ooe::; TJ::; 1500 e O°C ::; TJ ::; 125°C mV/oe 
temperature -1.0 -1.0 
coefficient of 
input voltage 

NOTE 
1. 7900C - O·C:5 TJ:5 12S·C 
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/J.A 790S/0S.2/06/08/12/1S/18/24-U,DA 

DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = SOOmA, -SsoC:5 TJ :51S0°C,1 
CIN = 2!LF, COUT = l!LF unless otherwise specified. 

PARAMETER TEST CONDITIONS 
7924 7924C 

UNIT 
Min Typ Max Min Typ Max 

VOUT TJ=2SoC VIN = -33V VIN = -33V V 
-23.0 I -24.0 I -2S.0 -23.0 1 -24.0 1-2S.0 

P:5 lSW -28V :5 VIN :5 -38V -27V :5 VIN :5 -38V 
SmA :5 lOUT :5 1.0A -22.8

1 1 -2S.2 -22.8 1 1-2s.2 

Line regulation TJ = 2SoC -27V :5 VIN :5 -38V -27V :5 VIN :5 -38V mV 

I 18 I 240 I 18 I 480 
-30V :5 VIN :5 -36V -30V :5 VIN :5 -36V 

6 120 6 240 

Load regulation TJ = 2SoC mV 

SmA :5 lOUT :5 1.SA 12 240 120 480 
2S0mA :5 lOUT :5 7S0mA 4 120 4 240 

Icc TJ = 25°C 1.5 3.0 1.5 3.0 mA 
with line -28V :5 VIN :5 -38V -27V :5 VIN :5 -38V 

1.0 1.0 
with load SmA :5 lOUT :5 1.0A 0.1 O.S 0.1 0.5 

Output noise TA = 2SoC !LV 
voltage 10Hz:5 f:5 100kHz 600 600 

Long term 96 96 mV 
stability 

Ripple rejection f = 120Hz -28V :5 VIN :5 -38V -28V :5 VIN :5 -38V dB 
lOUT = 20mA 54 60 54 60 

Dropout voltage TJ = 25°C 1.1 1.1 V 
lOUT = 1.0A 

Output resistance f = 1kHz 28 28 mn 

los TJ = 25°C 500 500 mA 

Peak output TJ = 2SoC 2.1 2.1 A 
current 

Average lOUT = SmA O°C:5 TJ:5 150°C O°C:5 TJ :5 125°C mV/oC 
temperature -1:0 -1.0 
coefficient of 
input voltage 

NOTE 
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JJ.A 7905/05.2/06/08/12/15/18/24-U, DA 

EQUIVALENT CIRCUIT 
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THREE TERMINAL NEG,lIlVE VOLTAGE REGULATOR uAZIDD bElliES 
j.LA7905/0S.2/06/08/12/1S/18/24-U, DA 

TYPICAL PERFORMANCE CURVES (Cont'd) 
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TYPICAL PERFORMANCE CURVES (Cont'd) 
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The other J,iA7900 series devices have similar performance curves. 
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iJ.A 7905/05.2/06/08/12/15/18/24-U,DA 
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DESCRIPTION 
The j.!A78G and j.!A79G are Four-Terminal 
Adjustable Voltage Regulators. They are 
designed to deliver continuous load cur­
rents of up to 1.0A with a maximum input 
voltage of 40V for the positive regulator 78G 
and -40V for the negative regulator 79G. 
Output current capability can be increased 
to greater than 1.0A through use of one or 
more external transistors. The output volt­
age range of the 78G positive voltage regu­
lator is 5V to 30V and the output voltage 
range of the negative 79G is -30V to -2.2V. 
For systems requiring both positive and 
negative voltages, the 78G and 79G are 
excellent for use as a dual tracking regulator 
with appropriate external circuitry. 

EQUIVALENT SCHEMATIC 

FEATURES 
• Output current in excess of 1.0A 
• j.!A78G positive output voltages 5 to 30V 
• j.!A79G negative output voltage -30 to 

-2.2V 
• Internal thermal overload protection 
• Internal short circuit current protection 
• Output transistor safe area protection 
• Available in 4-Pin TO-202 package 

j.!A78G EQUIVALENT CIRCUIT 

r--_-----_----_--_---t---.--oINPUT 

R4 R18 
lOOk 500 

012 
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3.3k 

R11 
D •• 

r.._------if--+-------........ -oOUTPUT 

r--t-----------oCONTROL 

D1 

R6 
2.7k 

R7 
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~-........ _+--+--........ ~f_-_+-~f_~-------oCOMMON 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Input voltage 
j.!A78GC 40 V 
j.!A79GC -40 V 

Control pin voltage 
j.!A78GC 0:5 V:5 Your 
j.!A79GC -Vour:5 -V:5 0 

Power dissipation Internally limited 
Operating junction temperature range 

Commercial (j.!A78GC, j.!A79GC) o to 150 'c 
Storage temperature range 

4-pin power TAB (U1) -55 to +150 'c 
Lead temperature 

4-pin power TAB (U1) (Soldering, 10s) 230 'c 

GlnotiCG 

j.!A78GC/j.!A79GC-U1 

PIN CONFIGURATIONS 

U1 PACKAGE 79G 
(Top View) 
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0 2 
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U1 PACKAGE 78G 
(Top View) 

,I"'-r-; .-
2-

CONTROL 

OUTPUT = 
INPUT 

L- 1 
--... COMMON 

COMMON 
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BLOCK DIAGRAM ' 

J.LA79G EQUIVALENT CIRCUIT 

DC ELECTRICAL CHARACTERISTICS J.LA7BGC-0°C:5 TJ:5 125°C, VIN = 10V, lOUT = 500mA, 
Test circuit 1, unless otherwise specified,1,2,3 

p.A7BGC/ p.A79GC-U1 

COMMON 

CONTROL 

"" 0.04 

"'3 0.05 INPUT 

p.A7BGC 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Input voltage range TJ = 25°C 7,5 40 V 

Output voltage range VIN = VOUT + 5V 5,0 30 V 

Output voltage tolerance (VOUT + 3V):5 VIN:5 (VOUT + 15V), 
TJ = 25°C 4,0 OJoVOUT 

5mA :5 lOUT :5 IA 
Po :515W, VIN (MAX) = 3BV 5.0 OJoVOUT 

Line regulation T J = 25°C, VOUT:5 10V 
(VOUT + 2,5V) :5 VIN :5 (VOUT + 20V) 1,0 OJoVOUT 

TJ = 25°C, VOUT?: 10V 
(VOUT + 3V) :5 VIN :5 VOUT + 15V 0,75 OJoVOUT 

TJ = 25°C, VOUT?: 10V 
(VOUT + 3V) :5 VIN :5 VOUT + 7V 0.67 OJoVOUT 

Load regulation TJ = 25°C, 250mA:5 IOUT:5 750mA 
VIN = VOUT + 5V 1.0 OJoVOUT 

TJ = 25°C, VIN = VOUT + 5V 
5mA :5 lOUT :51.5A 2.0 OJoVOUT 

Control pin current TJ = 25°C 1.0 5.0 J.LA 
B.O p.A 

Quiescent current "TJ = 25°C 3.2 5.0 mA 
6.0 mA 

Ripple rejection BV:5 VIN:5 1BV, f = 120Hz 
VOUT = 5V 62 78 dB 

Output noise voltage TJ - 25°C, 
10Hz < f < 100kHz VOUT = 5V 40 p.V 

Dropout voltage 2.5 V 

Short circuit current TJ = 25°C, VIN = 30V 750 mA 

Peak output current TJ = 25°C 2.2 A 

Temperature coefficient of VOUT VOUT = 5V, lOUT = 5mA -1.1 mY/DC 

Control pin voltage ( reference) TJ = 25°C 4.8 5.0 5.2 V 
4.75 5.25 V 
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p.A78GC/ p.A79GC-U1 

DC ELECTRICAL CHARACTERISTICS p.A79GC-0°C::; TJ::; 12SoC, VIN = -10V, lOUT = SOOmA, 
Test circuit 2, unless otherwise specified1.2.3 

p.A79GC 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Input voltage range TJ = 2SoC -40 -7.0 V 
Output voltage range VIN = VOUT -SV -30 -2.23 V 

Output voltage tolerance (VOUT -1SV)::; VIN::; (VOUT -3V), 
TJ = 2SoC 4.0 %(VOUT) 

SmA::; lOUT::; 1A 
PD::; 1SW, VIN (MAX) = -38V S.O %(VOUT) 

Line regulation TJ = 2SoC, VOUT 2: -10V 
(VOUT -20V) ::; VIN ::; (VOUT -2.SV) 1.0 %(VOUT) 

TJ = 2SoC, VOUT::; -10V 
(VOUT -1SV) < VIN < (VOUT -3V) 0.7S %(VOUT) 

TJ = 2SoC, VOUT::; -10V 
(VOUT -7V) ::; VIN ::; (VOUT -3V) 0.67 %(VOUT) 

Load regulation TJ = 2SoC, VIN = VOUT -SV 
2S0mA < lOUT < 7S0mA 1.0 %(VOUT) 

TJ - 2SoC, VIN - VOUT -SV 
SmA::; lOUT::; 1.SA 2.0 %(VOUT) 

Control pin current TJ = 2SoC 0.4 2.0 p.A 
3.0 p.A 

Quiescent current TJ - 2SoC .S 1.S mA 
2.0 mA 

Ripple rejection -18V::; VIN::; -8V 
VOUT = -SV, f = 120Hz SO 60 dB 

Output noise voltage TJ = 2SoC, 
10Hz::; f::; 100kHz, VOUT- SV 12S p.V 

Dropout voltage 2.3 V 

Short circuit current TJ - 2SoC, VIN - -30V SOO mA 
Peak output current TJ - 2SoC 2.2 A 

Temperature coefficient of output voltage VOUT = -SV, lOUT = SmA -0.4 mV/oC 

Control pin voltage (reference) TJ = 2SoC -2.32 -2.23 -2.14 V 
-2.3S -2.11 V 

NOTES 
1. Vour is defined for the 78Ge as Your = R1 + R2 15.0); The 79GC as 2. Dropout voltage is defined as that input-output voltage differential which causes the 

output voltage to decrease by 5% of its initial value. ~+~ ~ 
Vour =~ 1-2.231. 3. The convention for negative is the algebraic value, thus -15 is less than -10V. 

TYPICAL PERFORMANCE CHARACTERISTICS 

PEAK OUTPUT CURRENT AS A 
FUNCTION OF INPUT·OUTPUT 

DIFFERENTIAL VOLTAGE 

3.0 
78G 

2.5 

2.0 
~i""o r-.. ~ 

I"~0'b 

"'"~ ~ Ij f"" ~ "$~ ~ 
1.5 

1 1"'" r--;: r-... 
III ~. I ...... ~ 

'~$~-

~~ I T$O~. ~ 

1.0 

0.5 

o 
o 10 15 20 25 30 

INPUT-OUTPUT DIFFERENTIAL-V 

QUIESCENT CURRENT AS A 
FUNCTION OF INPUT VOLTAGE 

4.0 

3.0 

2.0 5 

Your= sv 7UG 

I'L = 20mA 

TJ =25°C 

I---
I- 1-1-

1/ 

10 15 20 25 30 3S 

INPUT VOL TAGE-V 

9i!)DOtiG9 

CONTROL CURRENT AS A 
FUNCTION OF TEMPERATURE 

3.0 JG 
2.5 

2.0 

1.5 

""'\ 
f\. 

r\ 
1\ 
~ 

VIN - lOY ....... r-... Your = 5V 
r""'-lOUT::: SOOmA 

1.0 

0.5 

o 
-75 -50 -25 0 25 50 75 100 125 150 175 

JUNCTION TEMPERATURE- °c 

195 



TYPICAL PERFORMANCE CHARACTERIST.ICS (Cont'd) 
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DROPOUT CONDITIONS 
AVOUT = 5% of Your +--+-+-1--1 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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p.A 78HVOO/SA78HV00I78MHVOO/78MHVOOC-DA,DB, U 

DESCRIPTION PIN CONFIGURATIONS 
The 78HVOO series of monolithic Three­
Terminal Positive Voltage Regulators em­
ploy 60 volt input breakdown, thermal shut­
down and safe-area compensation, making 
them essentially indestructible. If adequate 
heat sinking is. provided, they can deliver 
ove.r 1 A output current, (78HVOO series) and 
500mA (78MHVOO series). They are intended 
as fixed-voltage regulators in a wide range 
of applications including local, on-card reg­
ulation for elimination of distribution prob­
lems associated with single point regula­
tion. In addition to use as fixed voltage 
regulators, these devices can be used with 
external components to obtain adjustable 
output voltages and currents and also as the 
power pass element in precision regulators. 

FEATURES 
• Input voltage greater than 60 volts 
• No external components 
• Internal thermal overload protection 
• Internal short circuit current limiting 
• Output transistor safe-area compensa­

tion 
• Available in the TO-220, the TO-3, and 

the TO-39 package 
• Output voltages of 5,6,8,12,13.8,15,18, 

and 24 volts 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Input voltage (sV through 24V) 
Internal power dissipation1 

Storage temperature range 
Operating junction temperature range2 

78HVOO, 78MHVOO 
78HVOOC, 78MHVOOC 
SA78HVOOC, SA78MHVOOC 

Lead temperature 
TO-3 package 
(soldering, 60 second time limit) 
TO-220 package 
(soldering, 10 second time limit) 

NOTES 

1. Thermal resistance of the packages (without a heat sink) 

U PACKAGE (TO-220) 

~ 
OUTPUT (2) rug: ~7 COMM.ON (3) 

INPUT(.) 

ORDER INFORMATION 

OUTPUT ORDER 
VOLTAGE PART NO. 

5V 78HV05CUlSA78HV05CU 
BV 78HV08CUlSA78HVOBCU 
8V 78HV08CU/SA78HV08CU 

12V 78HV12CU/SA78HV12CU 
13.8V 78HV14CUlSA78HV14CU 

15V 78HVISCU/SA 78HVISCU 
18V 78HV18CU/SA 78HVI BCU 
24V 7BHV24CUlSA 78HV24CU 

SV 7BMHVOSCUlSA7BMHVOSCU 
BV 7BMHV08CUlSA7BMHVOBCU 
BV 7BMHV08CU/SA78MHV08CU 

12V 7BMHV12CU/SA78MHV12CU 
lSV 78MHVJSCU/SA78MHVISCU 
lBV 7BMHV18CU/SA78MHV18CU 
24V 78MHV24CUlSA78MHV24CU 

RATING UNIT 

60 V 
Internally limited 

-65 to +150 ·C 

-55 to +150 ·C 
o to +125 ·C 

-40 to +125 ·C 

300 ·C 

230 ·C 

Junction to case: TO-3 package 4·CIW; TO-220 package 2·CIW, TO-39 package 
2O·CIW 
Junction to ambient: TO-3 package 3S·C/W; TO-220 package SO·CIW; 
T0-39 package 1700 CIW 

2. Operating ambient temperature range 
78HVOO -SS·C to +12S·C 
78HVOOC O· C to +8S· C 
SA78HVOOC -40·C to +85·C 

198 Silllillies 

DA PACKAGE (TO-3) 

COMMOQ(3). OUTPUT (2) 

a . a 

INPUT I') 

ORDER INFORMATION 

OUTPUT ORDER 
VOLTAGE PART NO. 

SV 7BHVOSDA 
BV 78HVOBDA 
8V 78HV08DA 

12V 78HV12DA 

13.8V 78HV14DA 

lSV 78HVISDA 

18V 78HV18DA 
24V 78HV24DA 

SV 78HVOSCDAlSA78HVOSCDA 
BV 78HV08CDAlSA 78HVOBCDA 
8V 78HV08CDA/SA78HV08CDA 

12V 78HV12CDAlSA 78HV12CDA 
13.8V 78HV14CDA/SA78HV14CDA 

lSV 78HV1SCDAlSA 78HV1SCDA 
18V 78HV18CDA/SA 78HV18CDA 

24V 78HV24CDAlSA78HV24CDA 

DB PACKAGE (TO-39) 

OUTPUT 
VOLTAGE 

SV 
BV 
8V 

12V 
lSV 
20V 
24V 

5V 
BV 
8V 

12V 
15V 
20V 
24V 

COMMON 
(3) 

ORDER INFORMATION 

ORDER 
PART NO. 

78MHVOSDB 
78MHVOBDB 
78MHV08DB 
78MHV12DB 
78MHV1SDB 
78MHV20DB 
78MHV24DB 

78MHVOSCBD/SA78MHVOSCDB 
78MHV06CDB/SA78MHV06CDB 
78MHV08CDB/SA78MHV08CDB 
78MHV12CDB/SA78MHV12CDB 
78MHV1SCDB/SA78MHV15CDB 
78MHV20CDB/SA78MHV20CDB 
78MHV24CDB/SA78MHV24CDB 
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IJ.A7BHVOO/SA7BHV0017BMHV0017BMHVOOC·OA,DB,U 

DC ELECTRICAL CHARACTERISTICS lOUT = 500mA, CIN = 0.33IJ.F, COUT= 0.1IJ.F, TJ = 25·C 
unless otherwise specified. 

PARAMETER 

VOUT Output voltage 

Line regulation 

Load regulation 

Icc 

Lllcc 

Output noise voltage 

Voltage drift 

Ripple rejection 

Dropout voltage 

Output resistance 

Isc 

Peak output current 

VOUT Output temperature drift 

NOTES 
1. -55"C:5 TJ :5150"C for 78HVOO 

O"C:5 TJ:5 125"C for 78HVOOC 

200 

TEST CONDITIONS 

Over temp.,1 5mA:5 lOUT :5 1.0A, 
Po :515W 

5mA:5 IOUT:5 1.5A 
250mA :5 lOUT < 750mA 

Over temp.,1 with line 
With load, 5mA :5 lOUT :5 1.0A 

10Hz:5 f:5 100kHz 

mV/1000hrs. 

Over temp.,1 f = 120Hz 

lOUT = 1.0A 

f = 1kHz 

lOUT = 5mA 

SjglotiCS 

78HV05' 

Min Typ Max 

VIN = 10V 
4.B I 5.0 I 5.2 

BV :5 VIN :5 20V 
4.65 I I 5.35 

7V :5 VIN :5 25V 

I 3 I 50 

BV:5 VIN :5 12V 
1 25 
15 50 
5 25 

4.2 6.0 

BV :5 VIN :5 25V 
O.B 
0.5 

40 

20 

BV:5 VIN :5 18V 
68 7B 

2.0 

17 

750 

2.2 

O·C :5 TJ :5 150·C 

I -1.1 r 

78HV05C' 

Min Typ Max 

VIN = 10V 
4.8 I 5.0 , 5.2 

7V,:5 VIN :5,25V 
4.75 5.25 

7V :5 VIN :5 25V 

I 3 I 100 

BV:5 VIN :5 12V 
1 50 
15 100 
5 50 

4.2 B.O 

7V :5 VIN :5 25V 
1.3 
0.5 

40 

20 

BV:5 VIN :5 1BV 
62 78 

2.0 

17 

750 

2.2 

O·C:5 TJ :5 125·C 

I -1.1 i 

UNIT 

V 

V 

mV 

mV 
mV 
mV 

rnA 

rnA 
rnA 

IJ.V 

mV 

dB 

V 

mO 

rnA 

A 

mV/"C 



JJ.A7BHVOO/SA7BHV0017BMHVOOI7BMHVOOC-DA,DB,U 

DC ELECTRICAL CHARAGTERISTICS (Cont'dl lOUT = 500mA, CIN = 0.33JJ.F, COUT = 0.1JJ.F, TJ= 25°C 
unless otherwise specified. 

PARAMETER 

VOUT Output voltage 

Line regulation 

Load regulation 

Icc 

alec 

Output noise voltage 

Voltage drift 

Ripple rejection 

Dropout voltage 

Output resistance 

Isc 

Peak output current 

VOUT Output temperature drift 

NOTES 
1. -5S·C" TJ" IS0·C lor 78HVOO 

o·c" TJ" 12S·C lor 78HVOOC 

TEST CONDITIONS 

Over temp.,1 5mA:5 lOUT :51.0A, 
Po < 15W 

5mA :5 lOUT :5 1.5A 
250mA < lOUT < 750mA 

Over temp.,1 with line 
With load, 5mA < lOUT < 1.0A 

10Hz :5 f :5 100kHz 

mV/1000hrs. 

Over tem p. ,I f = 120Hz 

lOUT = 1.0A 

f = 1kHz 

lOUT = 5mA 

!il!lootiC!i 

78HV06' 78HV06C' 

Min Typ Max Min Typ Max 

VIN - 11V VIN -11V 
5.75 I 6.0 16.25 5.75 I 6.0 I 6.25 

9V :5 VIN :5 21V BV:5 VIN :5 21V 
5.65 I I 6.35 5.7 II 6.3 

BV :5 VIN :5 25V BV :5 VIN :5 25V 

I 5 I 60 I 5 I 120 

9V:5 VIN :5 13V 9V:5 VIN :5 13V 
1.5 30 1.5 60 
14 60 14 120 
4 30 4 60 

4.3 6.0 4.3 B.O 

9V :5 VIN :5 25V BV :5 VIN :5 25V 
O.B 1.3 
0.5 0.5 

45 45 

24 24 

9V:5 VIN :5 19V 9V:5 VIN :5 19V 
65 75 59 75 

2.0 2.0 

19 19 

550 550 

2.2 2.2 

O·C:5 TJ:5 150·C O·C:5 TJ :5125·C 

I -O.B I l -O.B I 

UNIT 

V 

V 

mV 

mV 
mV 
mV 

mA 

mA 
mA 

JJ.V 

mV 

dB 

V 

mil 

mA 

A 

mV/·C 
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TIIR[[ TERMINAL VOLTAGE REGULATOR IIA ~ I . 1 100 

p.A7BHVOO/SA7BHVOO/7BMHVOO/7BMHVOOC-DA,DB,U 

DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = 500mA, CIN = 0.33p.F, COUT = 0.1p.F,TJ = 25°C. 
unless otherwise specified. 

PARAMETER 

VOUT Output voltage 

Line regulation 

Load regulation 

Icc 

Alcc 

Output noise voltage . 

Voltage drift 

Ripple rejection 

Dropout voltage 

Output resistance 

Isc 

Peak output current 

VOUT Output temperature drift 

NOTES 
1. -SS·C S TJ S lS0·C for 78HVOO 

O·C S TJ S 12S·C for 78HVOOC 

202 

TEST CONDITIONS 

Over temp.,l 5mA:S lOUT :S 1.0A, 
Po:S 15W 

5mA :S lOUT :S 1.5A 
250mA:S IOUT:S 750mA 

Over temp.,l with line 
With load, 5mA :S lOUT :S 1.0A 

10Hz:s f < 100kHz 

mV/1000hrs. 

Over temp.,l f = 120Hz 

lOUT = 1.0A 

f = 1kHz 

lOUT = 5mA 

Sjgnotics 

78HV081 

Min Typ Max 

VIN = 14V 
7.7 I B.O I B.3 

11.5V :S VIN i23V 
7.6 I . B.4 

10.5 :S VIN :S 25V 

~ 6 I 80 

11V :S VIN :S 17V 
2 40 
12 80 
4 40 

4.3 6.0 

11.5V :S VIN :S 25V 
O.B 
0.5 

52 

32 

11.5V :S VIN :S 21.5V 
62 72 

2.0 

16 

450 

2.2 

O°C:S TJ :S t00C 'I' -O.B 

78HV08C1 

Min Typ Max 

VIN = 14V 
7.7 f 8.0 I B.3 

10.5V:S VIN i23V 
7.6 I 8.4 

10.5V :S VIN :S 25V 

1 6 l 160 

11V :S VIN :S 17V 
2 80 

12 160 
4 BO 

4.3 B.O 

10.5V :S VIN :S 25V 
1.0 
0.5 

52 

32 

11.5V :S VIN :S 21.5V 
56 72 

2.0 

16 

450 

2.2 

ooc,:S TJ:S 125°C 
-O.B i 

UNIT 

V 

V 

mV 

mV 

mV 
mV 

mA 

mA 
mA 

p.V 

mV 

dB 

V 

mn 

mA 

A 

mV/oC 



IJ.A78HVOO/SA78HVOO/78MHVOO/78MHVOOC-DA,DB,U 

DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = SOOmA, CIN = 0.331J.F, COUT = 0.11J.F, TJ = 2Soc 
unless otherwise specified. 

PARAMETER 

VOUT Output voltage 

Line regulation 

Load regulation 

Icc 

.:lICC 

Output noise voltage 

Voltage drift 

Ripple rejection 

Dropout voltage 

Output resistance 

Isc 

Peak output current 

VOUT Output temperature drift 

NOTES 

1. -55'C" TJ" 150'C for 78HVOO 
ooe :5 T J S 125°C for 78HVOOC 

TEST CONDITIONS 

Over temp.,1 SmA ~ lOUT ~ 1.0A, 
Pp ~ 1SW 

SmA ~ lOUT ~ 1.SA 
2S0mA ~ lOUT ~ 7S0mA 

Over temp.,1 with line 
With load, SmA ~ lOUT ~ 1.0A 

10Hz ~ f ~ 100kHz 

mV/1000hrs. 

Over temp.,1 f = 120Hz 

lOUT = 1.0A 

f = 1kHz 

lOUT = 5mA 

SmoOtieS 

78HV121 

Min Typ Max 

VIN = 19V 
11.S I 12.0 I 12.S 

1S.SV ~ VIN f 27V 
11.4 I 12.6 

14.SV ~ VIN ~ 30V 

I 10 I 120 

16V ~ VIN ~ 22V 
3 60 
12 120 
4 60 

4.3 6.0 

1SV ~ VIN ~ 30V 
0.8 
0.5 

7S 

48 

1SV ~ VIN ~ 2SV 
61 71 

2.0 

18 

350 

2.2 

O°C ~ TJ ~ 150°C 

I -1.0 I 

78HV12C1 

Min Typ Max 

VIN -19V 
11.S I 12.0 I 12.S 

14.SV ~ VIN f 27V 
11.4 I 12.6 

14.SV ~ VIN ~ 30V 

I 10 I 240 

16V ~ VIN ~ 22V 
3 120 
12 240 
4 120 

4.3 8.0 

14.SV ~ VIN ~ 30V 
1.0 
O.S 

7S 

48 

1SV ~ VIN ~ 2SV 
55 71 

2.0 

18 

350 

2.2 

O°C ~ TJ ~ 12SoC 

I -1.0 I 

UNIT 

V 

V 

mV 

mV 

mV 
mV 

mA 

mA 
mA 

p.V 

mV 

dB 

V 

mil 

mA 

A 

mV;oC 
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J1.A78HVOO/SA78HVOOI78MHVOOI78MHVOOC-DA,DB,U 

DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = 500mA, CIN = 0:33j.F, COUT = O.lj,F, TJ= 25°C 
unless otherwise specified. 

PARAMETER 

VOUT Output voltage 

Line regulation 

Load regulation 

Icc 

Lllcc 

Output noise voltage 

Voltage drift 

Ripple rejection 

Dropout voltage 

Output resistance 

Isc 

Peak output current 

VOUT Output temperature drift 

NOTES 
1. -55·C S TJ S 150·C for 78HVOO 

O·C S TJ S 125·C for 78HVOOC 

204 

TEST CONDITIONS 

Over temp., 1 5mA::;; lOUT::;; 1.0A, 
Po::;; 15W 

5mA::;; lOUT::;; 1.5A 
250mA ::;; lOUT::;; 750mA 

Over temp., 1 with line 
With load, 5mA::;; lOUT::;; 1.0A 

10Hz::;; f::;; 100kHz 

mV/1000hrs. 

Over temp.,1 f = 120Hz 

lOUT = 1.0A 

f = 1kHz 

lOUT = 5mA 

BjglotiCB 

78HV141 7BHV14C1 

Min Typ Max Min Typ Max 

VIN =22V IV'N - 22V 
13.3 1 13.8 I 14.3 13.3 13.8 1 14.3 

17.5, ::;; VIN f 29V 
13.15 14.45 

16.5V ::;; VIN I::;; 29V 
13.151 14.95 

16.5,::;; VIN f 30V 
10 140 

16·r ::;; VIN I::;; 30V 
10 280 

19V::;; VIN ::;; 25V 19V::;; VIN ::;; 25V 
3 70 3 140 
12 140 12 . 280 

4 70 4 140 

4.3 6.0 4.3 8.0 

17V :S VIN ::;; 30V 16.5V::;; VIN :S 30V 
0.8 1.0 
0.5 0.5 

85 85 

56 56 

17V ::;; VIN ::;; 27V 17V::;; VIN::;; 27V 
54 70 60 70 

2.0 2.0 

18 18 

350 350 

2.2 2.2 

O°C::;; TJ::;; 150°C O°C::;; TJ::;; 125°C 

1-1.0 I I -1.0 I 

UNIT 

V 

V 

mV 

mV 

mV 
mV 

mA 

mA 
.mA 

J1.V 

mV 

dB 

V 

mil 

mA 

A 

mV/oC 



jJA78HVOO/SA78HVOO/78MHV00I78MHVOOC-DA,DB,U 

DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = 500mA, CIN = 0.33jJF, COUT = 0.1jJF, TJ = 25°C 
unless otherwise specified. 

PARAMETER 

VOUT Output voltage 

Line regulation 

Load regulation 

Icc 

alec 

Output noise voltage 

Voltage drift 

Ripple rejection 

Dropout voltage 

Output resistance 

Ise 

Peak output current 

VOUT Output temperature drift 

NOTES 
1. -55'C" TJ" 150'C for 78HVOO 

O'C "TJ" 125'C for 78HVOOC 

TEST CONDITIONS 

Over temp.,1 5mA:5 lOUT :5 1.0A, 
Po :515W 

5mA :5 lOUT :5 1.5A 
250mA :5 lOUT :5 750mA 

Over temp.,1 with line 
With load, 5mA < lOUT < 1.0A 

10Hz :5 f :5 100kHz 

mV/1000hrs. 

Over tern p.,1 f = 120Hz 

lOUT = 1.0A 

f = 1kHz 

lOUT = 5mA 

Smnotics 

78HV151 78HV15Cl 

MIn Typ Max MIn Typ Max 

VIN - 23V 
14.4 f 15.0 I 15.6 

Y'N - 23V 
14.4 15.0 i 15.6 

18.5, :5 VIN i30V 
14.25 15.75 

17.5V:5 VIN i30V 
14.25 I 15.75 

17.5, :5 VIN :5 30V 17.5V :5 VIN :5 30V 
11 I 150 I 11 I 300 

20V :5 VIN :5 26V 20V :5 VIN :5 26V 
3 75 3 150 
12 150 12 300 
4 75 4 150 

4.4 6.0 4.4 8.0 

18.5V :5 VIN :5 30V 17.5V:5 VIN:5 30V 
0.8 1.0 
0.5 0.5 

90 90 

60 60 

18.5V :5 VIN :5 28.5V 18.5V:5 VIN :5 28.5V 
60 70 54 70 

2.0 2.0 

19 19 

230 230 

2.1 2.1 

O°C:5 TJ :5150°C O°C:5 TJ :5125°C 

I -1.0 I I -1.0 I 

UNIT 

V 

V 

mV 

mV 
mV 
mV 

rnA 

rnA 
rnA 

jJV 

mV 

dB 

V 

mfi 

rnA 

A 

mV/oC 
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p.A78HVOO/SA78HV00178MHV00178MHVOOC-DA,DB,U 

DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = 500mA, CIN = 0.33JJ.f, COUT = 0.1 p.F, T J = 25.° C 
unless otherwise specified. 

PARAMETER 

VOUT Output voltage 

Line regulation 

Load regulation 

Icc 

alcc 

Output noise voltage 

Voltage drift 

Ripple rejection 

Dropout voltage 

Output resistance 

Isc 

Peak output current 

VOUT Output temperature drift 

NOTES 
1. -sS·C:5 TJ :51S0·C for 78HVOO 

O·C:5 TJ :512S·C for 78HVOOC 
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TEST CONDITIONS 

Over temp.,1 5mA :5 lOUT :51.0A, 
Po :515W 

5mA :5 lOUT :5 1.5A 
250mA :5 lOUT :5 750mA 

Over temp.,1 with line 
With load, 5mA :5 lOUT :5 1.0A 

10Hz :5 f :5 100kHz 

mV!1000hrs. 

Over temp.,1 f = 120Hz 

lOUT = 1.0A 

f = 1kHz 

lOUT = 5mA 

9~nltiG9 

78HV18' 78HV18C1 

Min Typ Max Min Typ Max 

VIN=27V VIN=27V 
17.3 I 18.0 I 18.7 17.3 I 18.0 I 18.7 

22V :5 V IN :5 33V 21 VI:5 VIN :5 33V 
17.1 I I 18.9 17.1 I 18.9 

21 V :5 VIN :5 33V 21 V :5 VIN :5 33V 

I 15 I 180 I 15 I 360 
24V :5 VIN :5 30V 24V :5 VIN :5 30V 

5 90 5 180 

12 180 12 360 
4 90 4 180 

4.5 6.0 4.5 8.0 

22V :5 VIN :5 33V 21V :5 VIN :5 33V 
0.8 1.0 
0.5 0.5 

110 110 

72 72 

22V :5 VIN :5 32V 22V :5 VIN :5 32V 
59 69 53 69 

2.0 2.0 

22 22 

200 200 

2.1 2.1 

O°C:5 TJ:5 150°C O°C:5 TJ:5 125°C 

I -1.0 J I -1.0 I 

UNIT 

V 

V 

mV 

mV 

mV 
mV 

mA 

mA 
mA 

p.V 

mV 

dB 

V 

mn 

mA 

A 

mV/oC 



p.A 78HVOO/SA78HVOO/78M HVOO/78MHVOOC-DA, DB, U 

DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = 500mA, CIN = 0.33p.F, COUT = O.lp.F, TJ = 25°C 
unless otherwise specified. 

PARAMETER 

VOUT Output voltage 

Line regulation 

Load regulation 

Icc 

Lllcc 

Output noise voltage 

Voltage drift 

Ripple rejection 

Dropout voltage 

Output resistance 

Isc 

Peak output current 

VOUT Output temperature drift 

NOTES 
1. -SS'C S TJ S lS0'C for 78HVOO 

O'C S TJ S 12S'C for 78HVOOC 

TEST CONDITIONS 

Over temp., 1 SmA::; lOUT::; 1.0A, 
Po< 15W 

SmA::; lOUT::; 1.SA 
2S0mA ::; lOUT::; 7S0mA 

Over temp., 1 with line 
With load, SmA::; lOUT::; 1.0A 

10Hz < f < 100kHz 

mVll000hrs. 

Over temp.,l f = 120Hz 

lOUT = 1.0A 

f = 1kHz 

lOUT = SmA 

SiQootiC5 

78HV241 

Min Typ Max 

VIN = 33V 
23.0 I 24.0 I 25.0 

28V ::; VIN ::; 38V 
22.8 1 I 25.2 

27V ::; VIN ::; 38V 
I 18 I 240 

30V ::; VIN ::; 36V 
6 120 

12 240 
4 120 

4.6 6.0 

28V ::; VIN ::; 38V 
0.8 
0.5 

170 

96 

28V ::; VIN ::; 38V 
56 66 

2.0 

28 

lS0 

2.1 

O°C::; TJ::; lS0°C 'r -1.5 r 

78HV24Cl 

Min Typ Max 

VIN = 33V 
23.0 I 24.0 I 25.0 

28V ::; VIN ::; 38V 
22.8 J 1 2S.2 

27V ::; VIN ::; 38V 
I 18 I 480 

30V ::; VIN ::; 36V 
6 240 

12 480 
4 240 

4.6 8.0 

27V ::; VIN ::; 38V 
1.0 
O.S 

170 

96 

28V::; VIN ::; 38V 
SO 66 

2.0 

28 

150 

2.1 

O°C::; TJ::; 125°C 
'j -1.5 I 

UNIT 

V 

V 

mV 

mV 

mV 
mV 

mA 

mA 
mA 

p.V 

mV 

dB 

V 

m!1 

mA 

A 

mVioC 
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p.A 7BHVOO/SA 7BHVOO/7BMHVOO/7BMHVOOC-DA,DB,U 

DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT == 500mA, CIN = 0.33p.F, COUT = 0.1p.F, TJ = 25°C 
unless otherwise specified. 

SA78HVOSC2 SA78HV06C2 
PARAMETER TEST CONDITIONS 

Min. Typ Max Min Typ Max 

VIN = 10V VIN = 11V 
VOUT Output voltage 4.B I 4.0 I 5.2 5.75 I 6.0 I 6.25 

Over temp.,2 5mA :5 lOUT :5 1.0A, . 7V:5 VIN :5 j5V BVt VIN :5 25V 
Po :515W 4.65 I 5.35 5.65 I 6.35 

7V :5 VIN :5 25V BV :5 VIN :5 25V 
Line regulation I 3 I 100 I 5 I 120 

BV:5 VIN :5 12V 9V :5 VIN :5 13V 
1 50 1.5 60 

Load regulation 5mA :5 lOUT :5 1.5A 15 100 14 120 
250mA :5 lOUT :5 750mA 5 50 4 60 

Icc 4.2 B.O 4.3 B.O 

7V :5 VIN :5 25V BV :5 VIN :5 25V 
~Icc Over temp.,2 with line O.B O.B 

With load, 5mA :5 lOUT :5 1.0A 0.3 0.3 

Output noise voltage 10Hz :5 f :5 100kHz 40 45 

Voltage drift mV/1000hrs. 20 24 

BV:5 VIN:5 1BV 9V:5 VIN:5 19V 
Ripple rejection Over temp.,2 f = 120Hz 62 7B 59 75 

Dropout voltage lOUT = 1.0A 2.0 2.0 

Output resistance f = 1kHz 17 19 

Isc 750 550 

Peak output current 2.2 2.2 

VOUT Output temperature drift 
O°C:5 TJ :5 125°C 

-1.1 -O.B lOUT = 5mA 

NOTES 
2. -40°C'; T J'; +125°C for SA78HVOOC 

208 S(gIOtiCS' 

UNIT 

V 

V 

mV 

mV 

mV 
mV 

mA 

mA 
mA 

p.V 

mV 

dB 

V 

mO 

mA 

A 

mV/'C 



JJA78HVOO/SA78HV00178MHVOO/78MHVOOC-DA,DB,U 

DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = SOOmA, CIN =0.33!,F, COUT = 0.1!,F, TJ = 2SoC 
unless'otherwise specified. 

SA78HV08C2 SA78HV12C2 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

VIN = 14V VIN = 19V 
VOUT Output voltage 7.7 1 8.0 I 8.3 11.S I 12.0 1 12.S V 

Over temp.,2 SmA:5 IOUT:5 1.0A, 10.SV :5 VIN :5 23V 14.SV:5 VIN :5 27V 
Po<1SW 7.6 I I 8.4 11.41 . I 12.6 V 

10.SV < VIN < 2SV 14.SV < VIN < 30V 
Line regulation I 6 I 160 I 10 I 240 mV 

11V:5 VIN :517V 16V :5 VIN :5 22V 
2 80 3 120 mV 

Load regulation SmA :5 lOUT :5 1.SA 12 160 12 240 mV 

2S0mA < lOUT < 7S0mA 4 80 4 120 mV 

Icc 4.3 8.0 4.3 8.0 mA 

10.SV :5 VIN :5 2SV 14.SV:5 VIN :5 30V 

Alec Over temp.,2 with line 0.8 0.8 mA 
With load, SmA :5 lOUT :5 1.0A 0.3 0.3 mA 

Output noise voltage 10Hz < f < 100kHz S2 7S ltV 

Voltage drift mV/1000hrs. 32 48 mV 

11.SV :5 VIN :5 21.SV 1SV:5 VIN :5 2SV 
Ripple rejection Over temp.,2 f = 120Hz S6 72 61 71 dB 

Dropout voltage lOUT = 1.0A 2.0 2.0 V 

Output resistance f = 1kHz 16 18 mn 

Ise 4S0 3S0 mA 

Peak output current 2.2 2.2 A 

VOUT Output temperatu re drift 
O°C :5 TJ :5 12SoC 

'OUT = SmA -0.8 -1.0 mV/oC 

NOTES 
2. -40'C'; T J ,; +125'C for SA78HVOOC 
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TIIREE-TERMINAI VOLTAGE· REGULATOR IIA781IUOO, 78MMV0017811MUDoc ISA78I1VB. 
!lA 78HVOO/SA 78HVOO178MHVOO/78MHVOOC-DA, DB,U 

DC ELECTRICAL CHARACTERISTJCS (Cont'd) lOUT = 5mA CIN = 0.33~F,COUT = 0.1~F, TJ = 25°C 
unless otherwise specified. 

SA78HV14C2 SA78HV15C2 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 

VIN =22V VIN = 23V 
VOUT Output voltage 13.3 I 13.8 , 14.3 14.4 I 15.0 115.6 

Over temp.,2 5mA::; lOUT::; 1.0A, 16.5V ::; VIN ::; 29V 17.5V::; VIN::; 30V 
Po<15W 13.151 114.95 14.25 I 115.75 

16.5V ::; VIN ::; 30V 17.5V ::; VIN::; 30V 

Line regulation 1 10 I 280 I 11 I 300 
19V::; VIN::; 25V 20V ::; VIN ::; 26V 

3 140 3 150 

Load regulation 5mA ::; lOUT::; 1.5A 12 280 12 150 
250mA < lOUT < 750mA 4 140 4 75 

Icc 4.3 8.0 4.4 8.0 

16.5V ::; VIN ::; 30V 17.5V ::; VIN ::; 30V 

Icc Over temp. ,2 with line 0.8 0.8 
With load, 5mA ::; lOUT::; 1.0A 0.3 0.3 

Output noise voltage 10Hz::; f::; 100kHz 85 90 

Voltage drift mVl1000hrs. 56 60 

17V::; VIN::; 27V 18.5V::; VIN ::; 28.5V 

Ripple rejection Over temp.,2 f = 120Hz 60 70 60 70 

Dropout voltage lOUT -1.0A 2.0 2.0 

Output resistance f = 1kHz 18 19 

Isc 350 230 

Peak output current 2.2 2.1 

VOUT Output temperature drift 
O°C::; TJ::; 125°C 

lOUT = 5mA 
-1.0 -1.0 

NOTES 
2. -40°C:5 T J :5 + 125°C for SA 78HVOOC 
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UNIT 

V 

V 

mV 

mV 

mV 
mV 

rnA 

rnA 
mA 

~V 

mY 

dB 

V 

mn 

rnA 

A 

mV/oC 



MA78HVOO/SA78HVOO/78MHVOO/78MHVOOC-DA,DB,U 

DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = 5mA, CIN = 0,33IlF, COUT = 0,1 MF, T J = 25° C 
unless otherwise specified. 

SA78HV18C2 SA78HV24C2 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 

VIN = 27V VIN = 3iV 
VOUT Ol)tput voltage 17.3 I 18.0 I 18.7 23.0 I 24.0 25.0 

Over temp.,2 5mA :0; lOUT :0; 1.0A, 21V:O; VIN:O; 33V 28V:O; VIN :0; 38V 
PD:O; 15W 17.1 I I 18.9 22.8 I I 25.2 

21V:O; VIN :0; 33V 27V :0; VIN :0; 38V 
Line regulation I 15 I 360 I 18 I 480 

24V :0; VIN :0; 30V 30V:O; VIN :0; 36V 
5 180 6 240 

Load regulation 5mA :0; lOUT :0; 1.5A 12 360 12 480 
250mA :0; lOUT :0; 750mA 4 180 4 240 

Icc 4.5 8.0 4.6 8.0 

21V :0; VIN :0; 33V 27V :0; VIN :0; 38V 

Icc Over temp.,2 with line 0.8 0.8 
With load, 5mA :0; lOUT :0; 1.0A 0.3 0.3 

Output noise voltage 10Hz:o; f:o; 100kHz 110 170 

Voltage drift mV/1000hrs. 72 96 

22V :0; VIN :0; 32V 28V:O; VIN :0; 38V 
Ripple rejection Over temp.,2 f = 120Hz 59 69 56 66 

Dropout voltage lOUT = 1.0A 2.0 2.0 

Output resistance f = 1kHz 22 28 

Isc 200 150 

Peak output current 2.1 2.1 

VOUT Output temperature drift 
O°C:O; TJ:O; 125°C 

-1.0 -1.5 lOUT = 5mA 

NOTES 
2. -40'C ~ TJ ~ +125'C for SA78HVOOC 

Gi!lDotiCG 

UNIT 

V 

V 

mV 

mV 

mV 
mV 

mA 

mA 
mA 

MV 

mV 

dB 

V 

mfl 

mA 

A 

mV/oC 
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p.A 7BHVOO/SA 7BHV0017BMHVOOI7BM HVOOC-DA. DB. U 

DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = 350mA. CIN = 0.33p.F. COUT = 0.1p.F. T~ = 25°C 
unless otherwise specified. 

PARAMETER 

VOUT Output voltage 

Line regulation 

Load reg u lation 

Icc 

Alcc With line 
Alec With load 

Output noise voltaQe 

VoltaQe drift 

Ripple rejection 

Dropout voltage 

Isc 

Peak output current 

VOUT Output temperature drift 

NOTE 

3. -55°C ~ T J ~ 1500 e for 78MHVOO 
O°C:S; TJ:::; 125°C for 78MHVOOC 

212 

TEST CONDITIONS 

Over temp .• 3 5mA ~ lOUT ~ 350mA 

lOUT = 200mA 

5mA ~ lOUT ~ 500mA 
5mA ~ lOUT ~ 200mA 

Over temp .• 3 lOUT = 200mA 
5(T1A < lOUT < 350mA 

10Hz < f < 100kHz 

mV/1000hrs. 

Over temp .• 3 f = 120Hz 

VIN = 35V 

lOUT = SmA 

SjgDDtiCS 

78MHV053 

Min Typ Mall: 

VIN = 10V 
4.B I 5.0 I 5.2 

BV ~ VIN ~ 20V 
4.7 I I 5.3 

7V ~ VIN ~ 25V 
I 3 I 50 

BV ~ VIN ~ 20V 
1 25. 
20 50 
10 25 

4.5 6.0 

BV ~ VIN ~ 25V 
O.B 
0.5 

40 

:/0 

BV ~ VIN ~ 1BV 
68 BO 

2.0 

300 

700 

O°C ~ TJ ~ 150°C r -1.01 

78MHV05C3 

Min Typ Max 

VIN = 10V 
4.B I 5.0 I 5.2 

7V ~ VIN ~ 20V 
4.75 I I 5.25 

7V ~ VIN ~ 25V 
I 3 I 100 

BV ~ VIN ~ 25V 
1 50 

20 100 
10 50 

4.5 6.0 

BV ~ VIN ~ 25V 
O.B 
0.5 

40 

20 

BV ~ VIN ~ 1BV 
62 BO 

2.0 

300 

700 

00Ct TJ ~ i250C 
-1.0 

UNIT 

V 

V 

mV 

mV 
mV 
mV 

mA 

mA 
mA 

p.V 

mV 

dB 

V 

mA 

mA 

mV/oC 



DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = 350mA, CIN = O.33~F, COUT = 0.1~F, TJ = 25·C 
unless otherwise specified. 

PARAMETER 

VOUT Output voltage 

Line regulation 

Load regulation 

lee 

alee With line 
alee With load 

Output noise voltage 

Voltage drift 

Ripple rejection 

Dropout voltage 

Ise 

Peak output current 

VOUT Output temperature drift 

NOTE 
3. -55°e,; T J ,; 150"e for 78MHVOO 

ooe,; TJ'; 125°e for 78MHVOOe 

TEST CONDITIONS 

Over temp.,3 5mA:5 lOUT :5 350mA 

lOUT = 200mA 

5mA:5 IOUT:5 500mA 
5mA:5 IOUT:5 200mA 

Over temp.,3 lOUT = 200mA 
5mA :5 lOUT :5 350mA 

10Hz :5 f :5 100kHz 

mV/1000hrs. 

Over temp.,3 f = 120Hz 

VIN =35V 

louT=5mA 

9jgDDtiC9 

78MHV063 

Min Typ Max 

VIN -11V 
5.75 1 6.0 16.25 

9V I VIN:5 21V 
5.7 I 6.3 

SV :5 VIN :5 25V 

I 5 I 60 
9V :5 VIN :5 20V 

1.5 30 
20 60 
10 30 

4.5 6.0 

9V :5 VIN :525V 
O.S 
0.5 

45 

24 

9V:5 VIN :5 19V 
59 SO 

2.0 

270 

700 

O·C:5 TJ:5 150·C r -0.5 I 

78MHV06C3 

Min Typ Max 

VIN - 11V 
5.75 I 6.0 16.25 

S.O\~ :5 VIN i21V 
5.7 6.3 

SV :5 VIN :5 25V 
I 5 I 100 

9V :5 VIN :5 25V 
1.5 50 
20 120 
10 60 

4.5 S.O 

9V :5 VIN :5 25V 
O.S 
0.5 

45 

24 

9V:5 VIN:5 19V 
59 SO 

2.0 

270 

700 

O·C:5 TJ :5 125·C 

f -0.5 I 

UNIT 

V 

V 

mV 

mV 
mV 
mV 

mA 

mA 
mA 

~V 

mV 

dB 

V 

mA 

mA 

mV/·C 
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p.A78HVOO/SA78HVOO/78MHV00178MHVOOC-DA,DB,U 

DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = 350mA, CIN = O.33p.F, COUT = 0.1p.F, TJ = 25°C 
unless otherwise specified. 

PARAMETER 

VOUT Output voltage 

Line regulation 

Load regulation 

Icc 

Alec With line 
Alec With load 

Output noise voltage 

Voltage drift 

Ripple rejection 

Dropout voltage 

Ise 

Peak output current 

VOUT Output temperature drift 

NOTE 
3. -55'e:5 T J :5 150'e for 78MHVOO 

o'e :5 T J :5 125'e for 78MHVOOe 

214 

TEST CONDITIONS 

Over temp.,3 5mA:5 IOUT:5 350mA 

lOUT = 200mA 

5mA :5 lOUT :5 500mA 
5mA :5 lOUT :5 200mA 

Over temp.,3 lOUT = 200mA 
5mA :5 lOUT :5 350mA 

10Hz:5 f:5 100kHz 

mV11000hrs. 

Over temp.,3 f = 120Hz 

VIN = 35V 

lOUT = 5mA 

!I(gDotiC!I 

78MHV083 78MHV08C3 

Min Typ Max Min Typ Max 

VIN = 14V 
7.7 I 8.0 I 8.3 

VIN = 14V 
7.7 I 8.0 I 8.3 

11.5Y:5 VIN f 23V 
7.6 8.4 

10.5t :5 VIN t 23V 
7.6 8.4 

10.5V :5 VIN :5 25V 10.5:5 VIN:5 25V 
I 6 I 60 I 6 I 100 

11V:5 VIN:5 20V 11V:5 VIN:5 25V 
2 30 2 50 

25 80 25 160 
10 40 10 80 

4.6 6.0 4.6 6.0 

11.5V:5 VIN:5 25V 10.5V:5 VIN:5 25V 
0.8 0.8 
0.5 0.5 

52 52 

32 32 

11.5V:5 VIN:5 21.5V 11.5V :5 VIN :5 21.5V 
56 80 56 80 

2.0 2.0 

250 250 

700 700 

O°C:5 TJ:5 150°C O°C:5 TJ :5 125°C 

I -<l.5 I r -O.S i 

UNIT 

V 

V 

mV 

mV 
mV 
mV 

mA 

mA 
mA 

p.V 

mV 

dB 

V 

mA 

mA 

mV/oC 



p,A 78HVOO/SA 78HVOO/78M HV00/78MHVOOC-DA, DB, U 

DC ELECTRICAL CHARACTERISTICS· (Cont'd) lOUT = 350m A, C,N = 0.33p,F, COUT = 0.1p,F, TJ = 25·C 

PARAMETER 

VOUT Output voltage 

Li ne regu lation 

Load regulation 

Icc 

Ll.lcc With line 
Ll.lcc With load 

Output noise voltage 

Voltage drift 

Ripple rejection 

Dropout voltage 

Ise 

Peak output cu rrent 

VOUT Output temperature drift 

NOTE 
3. -ss·c" TJ" lSO·C for 78MHVOO 

O·C " T J " 12S·C for 78M HVOOC 

unless otherwise specified. 

78MHV123 
TEST CONDITIONS 

Min Typ Max 

V,N = 19V 
11.5 I 12.0 I 12.5 

Over temp.,3 5mA ~ lOUT ~ 350mA 15.51 ~ V,N f 27V 
11.4 12.6 

lOUT = 200mA 
14.5V ~ V,N ~ 30V 

I 8 I 60 
16V ~ V,N ~ 25V 

2 30 
5mA ~ lOUT ~ 500mA 25 120 
5mA ~ lOUT ~ 200mA 10 60 

4.8 6.0 

15V ~ V,N ~ 30V 
Over temp.,3 lOUT = 200mA 0.8 

5mA ~ lOUT ~ 350mA 0.5 

10Hz ~ f ~ 100kHz 75 

mV/1000hrs. 48 

15V ~ V,N ~ 25V 
Over temp.,3 f = 120Hz 55 80 

2.0 

V,N - 35V 240 

700 

O·C ~ TJ ~ 150·C 
lOUT = 5mA I -1.0 I 

GjgnDtiGG 

78MHV12C3 
UNIT 

Min Typ Max 

V,N = 19V 
11.5 I 12.0 I 12.5 V 
14.~V ~ V,N I~ 27V 

11.4 12.6 V 
14.5V ~ V,N ~ 30V 

I 8 I 100 mV 
16V ~ V,N ~ 30V 

2 50 mV 
25 240 mV 
10 120 mV 

4.8 6.0 mA 

14.5V ~ V,N ~ 30V 
0.8 mA 
0.5 mA 

75 p,V 

48 mV 

15V ~ V,N ~ 25V 
55 80 dB 

2.0 V 

240 mA 

700 mA 

O·C ~ TJ ~125·C 
I -1.0 I mV/·C 
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p.A78HVOO/SA78HVOO/78MHVOO/78MHVOOC-DA,DB,U 

DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = 350mA, CIN = O.33p.F, COUT = 0.1p.F, TJ = 25°C 
unless otherwise specified. 

PARAMETER 

VOUT Output voltage 

Line regulation 

Load regulation 

lee 

Alee With line 
Alee With load 

Output noise voltage 

Voltage drift 

Ripple rejection 

Dropout voltage 

Ise 

Peak output current 

VOUT Output temperature drift 

NOTE 
3. -55'C oS TJ oS 150'e for 78MHVOO 

o'e oS TJ oS 125'C for 78MHVOOe 

216 

TEST CONDITIONS 

Over temp.,3 5mA:5 lOUT :5 350mA 

lOUT = 200mA 

5mA :5 lOUT :5 500mA 
5mA < lOUT < 200mA 

Over temp.,3 lOUT = 200mA 
5mA < lOUT < 350mA 

10Hz :5 f :5 100kHz 

mV/1000hrs. 

Over temp.,3 f = 120Hz 

VIN = 35V 

lOUT = 5mA 

SmootlDS 

78MHV153 

Min Typ Max 

VIN = 23V 
14.4 I 15.0 I 15.6 
18.5V:5 VIN :5 30V 

14.25 I L 15.75 
17.5V:5 VIN:5 30V 

I 10 I 60 
20V :5 VIN :5 30V 

3 30 

25 150 
10 75 

4.8 6.0 

18.5V :5 VIN :5 30V 
0.8 
0.5 

90 

60 

18.5V:5 VIN:5 28.5V 
54 70 

2.0 

240 

700 

O°C:5 TJ:5 150°C 
I -1.0 I 

78MHV15C3 

Min Typ Max 

VIN = 23V 
14.4 I 15.0 I 15.6 

17.5V:5 VIN:5 30V 
14.251 I 15.75 

17.5V :5 VIN :5 30V 

I 10 I 100 
20V :5 VIN :5 30V 

3 fin 
25 150 
10 75 

4.8 6.0 

17 .5V :5 VIN :5 30V 
0.8 
0.5 

90 

60 

18.5V :5 VIN :5 28.5V 
54 70 

2.0 

240 

700 

O°C:5 TJ :5 125°C 
I -1.0 I 

UNIT 

V 

V 

mV 

mV 
mV 
mV 

mA 

mA 
mA 

p.V 

mV 

dB 

V 

mA 

mA 

mV/oC 



/JA78HVOO/SA78HVOO/78MHVOO/78MHVOOC-DA,DB,U 

DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = 350mA, CIN == 0.33/JF, COUT = 0.1/JF, TJ = 25°C 
unless otherwise specified. 

PARAMETER 

VOUT Output voltage 

Line regulation 

Load regulation 

Icc 

Alec With line 
Alec With load 

Output noise voltage 

Voltage drift 

Ripple rejection 

Dropout voltage 

Ise 

Peak output current 

VOUT Output temperature drift 

NOTE 
3. -SS"C S T J S lS0"C for 78MHVOO 

O"C S TJ S 12S"C for 78MHVOOC 

TEST CONDITIONS 

Over temp.,3 5mA :5 lOUT :5 350mA 

lOUT = 200mA 

5mA :5 lOUT :5 500mA 
SmA < lOUT < 200mA 

Over temp.,3 lOUT = 200mA 
SmA < lOUT < 350mA 

10Hi; < f < 100kHz 

mVl1000hrs. 

Over temp.,3 f = 1 ~OHz 

VIN = 35V 

lOUT = 5mA 

9i!1DOliC9 

78MHV203 

Min Typ Max 

VIN - 29V 
19.2 I 20 I 20.8 

24V :5 VIN :5 35V 
19 I 1 21 

23V :5 VIN :5 35V 
I 10 I 60 

24V :5 VIN :5 35V 
5 30 
30 200 
10 100 

4.9 6.0 

24V :5 VIN :5 35V 
0.8 
0.5 

110 

80 

24V :5 VIN :5 34V 
53 70 

2.0 

240 

700 

O·C:5 TJ :5 150°C 
I -1.1 1 

78MHV20C3 

Min Typ Max 

VIN - 29V 
19.2 I 20 I 20.8 

23V :5 VIN :5 35V 
19 I I 21 
23V :5 VIN :5 35V 

I 10 I 100 
24V :5 VIN :5 35V 

5 50 
30 400 
10 200 

4.9 6.0 

23V :5 VIN :5 35V 
0.8 
0.5 

110 

80 

24V :5 VIN :5 34V 
53 70 

2.0 

240 

700 

O°C:5 TJ:5 125°C 
1 -1.1 1 

UNIT 

V 

V 

mV 

mV 
mV 
mV 

mA 

mA 
mA 

/JV 

mV 

dB 

V 

mA 

mA 

mV/OC 
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jtA78HVOO/SA78HVOO/78MHVOO/78MHVOOC-DA,DB,U 

DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = 3S0mA, CIN = 0.33jtF, COUT = 0.1 jtF, T J = 2So C 
unless otherwise specified. 

PARAMETER 

VOUT Output voltage 

Line regulation 

Load regulation 

Icc 

c>lcc With line 
C>lcc With load 

Output noise voltage 

Voltage drift 

Ripple rejection 

Dropout voltage 

Isc 

Peak output current 

VOUT Output temperature drift 

NOTE 
3. -55°C STJ :5150°C for 78MHVOO 

O'C'; T J ,; 125'C for 78MHVOOC 

218 

TEST CONDITIONS 

OVer temp.,3 SmA ~ lOUT ~ 3S0mA 

lOUT = 200mA 

SmA ~ lOUT ~ SOOmA 
SmA ~ lOUT ~ 200mA 

Over temp.,3 lOUT = 200mA 
SmA ~ lOUT ~ 3S0mA 

10Hz ~ f ~ 100kHz 

mVl1000hrs. 

Over temp.,3 f = 120Hz 

VIN = 3SV 

lOUT = SmA 

S~nl!liCS 

78MHV243 78MHV24C3 

Min Typ Max Min Typ Max 

VIN = 33V 
23.0 I 24.0 I 2S.0 

VIN = 33V 
23.0 I 24.0 I 2S.0 

28V ~ VIN ~ 38V 27'1 ~ VIN i 38V 
22.8 I I 2S.2 22.8 2S.2 

27V ~ VIN ~ 38V 27V ~ VIN ~ 38V 

I 10 I 60 I 10 I 100 
30V ~ VIN ~ 36V 28V ~ VIN ~ 38V 

S 30 S SO 
30 240 30 480 
10 120 10 240 

S 6.0 S 6.0 

28V ~ VIN ~ 38V 27V ~ VIN ~ 38V 
0.8 0.8 
O.S O.S 

170 170 

96 96 

28V ~ VIN ~ 38V 28V ~ VIN ~ 38V 
SO 70 SO 70 

2.0 2.0 

240 240 

700 700 

DoC ~ TJ ~ 1S0°C DoC ~ TJ ~ 12SoC 

-' -1.2 I I -1.2 J 

UNIT 

V 

V 

mV 

mV 
mV 
mV 

mA 

mA 
mA 

jtV 

mV 

dB 

V 

mA 

mA 

mV/oC 



!J.A 7BHVOO/SA 7BHVOO/7BMHVOO/7BMHVOOC-DA, DB, U 

DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = 350mA, CIN = 0.33!J.F, COUT = 0.1 !J.F, T J = 25° C 
unless otherwise specified. 

SA78MHV05C4 SA78MHV06C4 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 

VIN = 10V VIN = 11V 

VOUT Output voltage 4.B I 5.0 I 5.2 5.75 I 6.0 I 6.25 

Over temp.,4 5mA S lOUT S 350mA 7V,S VIN S,25V 
4.7 5.3 

B.O~ S VIN ,21 V 
5.7 6.3 

7V S VIN S 25V BV S VIN S 25V 
Line regulation lOUT = 200mA I 3 I 100 I 5 I 100 

BV S VIN S 25V 9V S VIN S 25V 
1 50 1.5 50 

Load regulation 5mA S lOUT S 500mA 20 100 20 120 
5mA < lOUT < 200mA 10 50 10 60 

Icc 4.5 6.0 4.5 B.O 

BV S VIN S 25V 9V S VIN S 25V 

.:lIce With line Over temp.,4 lOUT = 200mA 0.6 0.6 

.:lIce With load 5mA S lOUT S 350mA 0.3 0.3 

Output noise voltage 10Hz S f S 100kHz 40 45 

Voltage drift mV/1000hrs. 20 24 

BV S VIN S 1BV 9V S VIN S 19V 
Ripple rejection Over temp.,4 f = 120Hz 62 80 59 BO 

Dropout voltage 2.0 2.0 

Isc VIN =35V 300 270 

Peak output current 700 700 

O°C S TJ S125°C, 
VOUT Output temperature drift lOUT = 5mA -1.0 -0.5 

NOTE 
4. -40·C$ TJ $+125·C for SA78MHVOOC 

Gl!lnDtiCG 

UNIT 

V 

V 

mV 

mV 
mV 
mV 

mA 

mA 
mA 

!J.V 

mV 

dB 

V 

mA 

mA 

mV/oC 
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p.A7BHVOO/SA7BHV0017BMHVOOI7BMHVOOC-DA,DB,U 

DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = 3S0mA, CIN = 0.33p.F, CoiH = O.lp.F, T J = 2S0 C 
unless otherwise specified. 

SA78MHV08C4 SA78MHV12C4 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 

VIN = 14V VIN = 19V 

VOUT Output voltage 7.7 I B.O I B.3 11.S I 12.0 I 12.S 
10.SV :5 VIN :5 23V 14.SV :5 VIN :5 27V 

Over temp.,4 SmA:5 IOUT:5 3S0mA 7.6 I I 8.4 11.4 I I 12.6 
10.SV:5 VIN :5 2SV 14.SV :5 VIN :5 30V 

Line regulation lOUT = 200mA I 6 I 100 I 8 I 100 
llV:5 VIN :5 2SV 16V:5 VIN :5 30V 

2 SO 2 50 

Load regulation 5mA :5 lOUT :5 500mA 25 160 25 240 
5mA :5 lOUT < 200mA 10 BO 10 120 

lee 4.6 8.0 4.B 8.0 

10.5V :5 VIN :5 25V 14.5V :5 VIN :5 30V 
alee With line Over temp.,4 lOUT = 200mA 0.6 0.6 
alee With load SmA:5 lOUT :5 350mA 0.3 0.3 

Output noise voltage 10Hz < f < 100kHz 52 7S 

Voltage drift mV/l000hrs. 32 4B 

11.5V :5 VIN :5 21.5V 15V :5 VIN :5 25V 
Ripple rejection Over temp.,4 f = 120Hz 56 BO 55 BO 

Dropout voltage 2.0 2.0 

Ise VIN = 35V 250 240 

Peak output current 700 700 

VOUT Output temperature drift O°C:5 TJ :5 +12SoC, lOUT = 5mA -0.5 -1.0 

NOTE 
4, -40'C" TJ" +12S'e for SA7BMHVOOe 

220 smAoties 

UNIT 

V 

V 

mV 

mV 

mV 
mV 

rnA 

rnA 
rnA 

p.V 

mV 

dB 

V 

rnA 

rnA 

mV/oC 



Ji.A 7SHVOO/SA 7SHV0017SM HVOO/7SMHVOOC-DA, DB, U 

DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = 350mA, CIN = 0.33Ji.F, COUT = 0.1Ji.F, TJ = 25°C 
unless otherwise specilied. 

SA78MHV15C4 SA78MHV20C4 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 

VIN = 23V VIN = 29V 

VOUT Output voltage 14.4 1 15.0 I 15.6 19.2 I 20 1 20.S 
17 .5V :S VIN :S 30V 23V :S VIN :S 35V 

Over temp.,4 5mA:S lOUT :S 350mA 14.25 I 115.75 19 I I 21 
17 .5V :S V IN :S 30V 23V :S V IN :S 35V 

Line regulation lOUT = 200mA I 10 I 100 I 10 I 100 
20V :S VIN :S 30V 24V:S VIN :S 35V 

3 50 5 50 

Load regulation 5mA :S lOUT :S 500mA 25 150 30 400 
5mA :S lOUT :S 200mA 10 75 10 200 

Icc 4.S S.O 4.9 6.5 

17 .5V :S V IN :S 30V 23V :S VIN :S 35V 

~Icc With line Over temp.,4 lOUT = 200mA 0.6 0.6 

~Icc With load 5mA:S IOUT:S 350mA I 0.3 0.3 

Output noise voltage 10Hz :S I :S 100kHz 90 110 

Voltage drilt mV 11 OOOhrs. 60 SO 

1S.5V:S VIN :S 2S.5V 24V :S VIN :S 34V 
Ripple rejection Over temp.,4 I = 120Hz 54 70 53 70 

Dropout voltage 2.0 2.0 

Isc VIN = 35V 240 240 

Peak output current 700 700 

VOUT Output temperature drift O°C:S TJ:S +125°C, lOUT = 5mA -1.0 -1.1 

NOTE 
4. -40'C'; TJ'; +125'C for SA78MHVOOC 

9i!100tiC9 

UNIT 

V 

V 

mV 

mV 

mV 
mV 

mA 

mA 
mA 

Ji.V 

mV 

dB 

V 

mA 

mA 

mV/oC 
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p.A 78HVOO/SA78HV00178M HVOO/78MHVOOC-DA, DB, U 

DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = 350mA, CIN = O.33p.F, COUT = 0.1p.F,TJ = 25°C 
unless otherwise specified. 

SA78MHV24C4 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

VIN =33V 

VOUT Output voltage 23.0 I 24.0 I 25.0 V 
27V :5 VIN :5 38V 

Over temp.,4 5mA:5 IOUT:5 350m A 22.8 I I 25.2 V 
27V :5 VIN :5 38V 

Line regulation lOUT = 200mA I 10 I 100 mV 
30V :5 VIN :5 38V 

5 50 mV 

Load regulation 5mA :5 lOUT :5 500mA 30 480 mV 
5mA :5 lOUT :5 200mA 10 240 mV 

Icc 5 7 mA 

27V :5 VIN :5 38V 
Alcc With line Over temp.,4 lOUT = 200mA 0.6 mA 
Alcc With load 5mA :5 lOUT :5 350mA 0.3 mA 

Output noise voltage 10Hz :5 f :5 100kHz 170 p.V 

Voltage drift mV/1000hrs. 96 mV 

28V :5 VIN :5 38V 
Ripple rejection Over temp.,4 f = 120Hz 50 70 dB 

Dropout voltage 2.0 V 

Isc VIN = 35V 240 mA 

Peak output current 700 mA 

VOUT Output temperature drift O°C:5 TJ S +125°C, lOUT = 5mA -1.2 mV/oC 

NOTE 
4. -40·C'; TJ'; +12S·C for SA78MHVOOC 
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/JA78HVOO/SA78HV00178MHVOO/78MHVOOC-DA,DB,U 

TYPICAL PERFORMANCE CHARACTERISTICS 7BHVOO 

MAXIMUM AVERAGE POWER 
DISSIPATION AS A FUNCTION OF 

AMBIENT TEMPERATURE 
(TO-220, 7BOOC) 
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MAXIMUM AVERAGE POW.ER 
DISSIPATION AS A FUNCTION OF 

AMBIENT TEMPERATURE 
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IJ.A 78HVOO/SA78HV00I78MHV00I78MHVOOC-DA, DB, U 

MAXIMUM AVERAGE POWER 
DISSIPATION ASA FUNCTION OF 

AMBIENT TEMPERATURE 
(TO-3, 78HVOOC, SA78HVOOC) 
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DROPOUT CHARACTERISTICS 

'.0 

6.0 

4.0 

2.0 

o 
o 

4.' 

4.7 

4.6 

4.5 

4.4 

4.3 

4.2 

4.1 

4.0 

YOUT = sv 
T J ::: 25° C 

'OUT= 40mAn ~ 
'OUT ~ 0, j, ~IOUT = 100mA 

II 1/ 
II 'J 

)I/J' 
2.0 4.0 6.0 B.O 

OUTPUT VOLTAGE - V 

QUIESCENT CURRENT 
AS A FUNCTION OF 

TEMPERATURE 

Y,N = 10V 
VOUT=SV 
IOUT= 200mA 

r-... 
I "- , 

10 

-75 -50 -25 0 25 50 75 100 125 150 175 

AMBIENT TEMPERATURE- Q C 

p.A 7BHVOO/SA 7BHV00!7BM HVOOl7BM HVOOC-DA. DB. U 

> . 
Z 
o 

V'N 

78MHV 
LOAD TRANSIENT 

RESPONSE 

~ 10V I I 
VOUT~5V I I I I 

LOAD CURRENT 

" 
lA 

~ 2 II 
~ 
Q 

W 

" 1 
~ g 
I­
:0 

f- _f-0UT;~v~:~~~AGE 
'-

~ o -1 

-2 
o 10 20 30 40 so 60 

TIME-J.I& 

MAXIMUM AVERAGE POWER 
DISSIPATION AS A FUNCTION OF 

AMBIENT TEMPERATURE 
(TO-39, 78MOOC) 

;0 , 
z 
0 
j: 

It 
iii .. 
<; 
0: 
w 
;0 
0 .. 
w 

" .. 
0: 
w 
> .. 

10 

5.0 
4.0 

3.0 

2.0 

1.0 

0.5 
0.4 

0.3 

0.2 

~ It,,~~, 
81-10 

~J.r: tSI/v1r r--.... 
1. J .l ..... O~. \ -~I;A ~-.. 

tSI/v1r 

1\ 

r-... \. 1 

\.~ 
0.1 

25 50 75 100 125 

AMBIENT TEMPERATURE _ °c 

!ljg11DtiC!l 

150 

.. 
E . 
I-

is 
0: 
a: 
:0 
U 
Q .. g 

40 

> 
E . 30 

Z 
0 
j: 

20 .. 
~ 
Q 

W 10 

" ~ 
0 
> 
I-
:0 .. 
I-

LINE TRANSIENT 
RESPONSE 

INPUT VOLTAGE 

OUTPUT VOLTAGE 
DEVIATION 

20 

15 

10 

:) -10 TJ~25CI 
0 lOUT:: SOOmA 

YOUT = 5Y 

-20 
o 10 12 

TlME-1.JS 

MAXIMUM AVERAGE POWER 
DISSIPATION AS A FUNCTION OF 

AMBIENT TEMPERATURE 
(TO-39, 78MOO) 

;0 , 
z 
2 
!c .. 
iii 
!1! 
0 
a: w 
;0 
0 .. 
w 

~ w 
~ 

10 

5.0 
4.0 

3.0 

2.0 

1.0 

0.5 

S.J!1!/N/tl; 
-.l!.I;A t 81/v1r m'""&. ~t8INIr~ J ........ 

0"<0 
NO ·C/It-

--~~~ r"" ..... 
0.4 

0.3 

0.2 

0.1 
25 50 75 100 

i'.. 
~ 1\ 

I" 

[\ 
125 

AMBIENT TEMPERATURE _ °c 

\ 
\1 

150 

225 



DESCRIPTION 
The /tA78MG and /tA79MG are 4-Terminal 
Adjustable Voltage Regulators. They are 
designed to deliver continuous load cur­
rents of up to 500mA with a maximum input 
voltage of 40V for the positive regulator 
78MG and -40V for the negative regulator 
79MG. Output current capability can be 
increased to greater than 10A through use 
of one or more external transistors. The 
output voltage range of the 78MG positive 
voltage regulator is 5Vto 30V and the output 
voltage range of the negative 79MG is -30V 
to -2.2V. For systems requiring both a posi­
tive and negative, the 78MG and 79MG are 
excellent for use as a dual tracking regula­
tor. 

FEATURES 
• Output current In excess 01 O.SA 
• !tA78MG positive output voltage S to 30V 
• /tA79MG negative output voltage -30V to 

-2.2V 
• Internal thennat overload protection 
• Internal short circuit current protection 
• Output transistor sale area protection 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Input voltage 
!tA78MG, !tA78MGC 
!tA79MG, !tA79MGC 

Control pin voltage 
!tA78MG, !tA78MGC 
!tA79MG, !tA79MGC 

Power dissipation 
Operating junction temperature range 

Military (/tA78MG, /tA79MG) 
Commercial (!tA78MGC, /tA79MGC) 

Storage temperatu re range 
H 
U1 

Lead temperature 
U1 (soldering, 10s) 
H (soldering, 60s) 

226 

PIN CONFIGURATIONS 

0 
COMMON t 

U1 PACKAGE 
Power Tab 

----v-; 
3 

2 

1 

ORDER INFORMATION 

CONTROL 

OUTPUT 

INPUT 

COMMON 

TYPE PART NO. 
,.A78MGC ,.A78MGCUl 

~ 
INPUT 

OUTPUT 

0 3 

CONTROL 
2 

COMMON 
1 

INPUT! 

ORDER INFORMATION 
TYPE PART NO. 

,.A79MG ,.A79MGCUl 

RATtNG UNIT 

40 V 
-40 V 

0< V < VOUT 
-VOUT < -V < 0 

Internally limited 

-55 to 150 ·C 
o to 150 ·C 

-65 to +150 ·C 
-55 to +150 ·C 

230 ·C 
300 ·C 

Si!lnDtiQS 

/tA78MG178MGC,/tA79MG/79MGC-H,V1 

tNOTE 

H PACKAGE 

OUT (1) C;ONT(2) 

ORDER INFORMATION 
TYPE 

,.A78MG 
~A78MGC 

PART NO. 
~A78MGH 

~A78MGCH 

Heat sink tabs connected to common through device 
substrate. 

H PACKAGE 
COMM(4) 

CONT (1) OUT(2) 

ORDER INFORMATION 
TYPE PART NO. 

,.A79MG ,.A79MGH 
,.A79MGC ~A79MGCH 

ttNOTE 

Heat sink tabs connected to Input through device 
substrate. Not recommended for direct electrical 
connection. 



~A78MG/78MGC,~A79MG/79MGC-H,V1 

78MG EQUIVALENT CIRCUIT 
INPUT 

R8 R9 R13 
100 .. 0 10k 

R. ft18 ........ V O • 
.~ 

lOOk 500 08,....., 

1 '" 
.~ D. 

V 

.,[ 
..... 016 

~ R., V 017 
--...... 

'1 680 

K" ·r R1. 
ft" R17 ... 

'00 0.6 

R' 010 ........ OUTPUT 
3.3k 

o.~~ V a13 CONTROL ..... 
R16 

r ft1' Bk 
RB Bk 
2.rk 

Va" 
~t' Dl 

W' 
"-

Rl 
R' lk OOk 

C1 - " 
30pF 

~hJ R7 01 ......... Va. 
500 ,.... ...... 

ftl0 ft3 R1. 
8k 1k Bk 

COMMON 

Resistor values in n unless otherwise noted. 

79MG EQUIVALENT CIRCUIT 
~--~---------4~----~_------~----------~------------------~------~~-------oCOMMON 

R. 
1.4k 

"'1---------+------iI------<l CONTROL 

ft.3 

.k 

ft22 
0.1 

ft13 

0.' 

OUTPUT 

L---~ __ ~--__ ~~~~~~I--------~-~-~-------_4----_4-_oINPUT 

Resistor values in n unless otherwise noted. 
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,uA7BMGnBMGC,/LA79MGn9MGC-H, V1 

DC ELECTRICAL CHARACTERISTICS O°C:5 TJ:5 125°C for /LA78MGC, ~5soC:5 TJ :51S0°C 
for /LA78MG, VIN = 10V, lour = 3S0mA unless otherwise speCified.1,2 

PARAMETER TEST CONDITIONS1 

I nput voltage range TJ = 2S'C 

Output voltage range VIN = Your + SV 

Output voltage tolerance Vour+3V:5VIN:5Vour+ 1SV, TJ=25°C 
SmA :5 lour :5 3S0mA 

Po :5 SW, VINMAX = 38V 

Line regulation TJ - 25'C, lour=200mA, YourS 10V 
(Vour + 2.5V) :5 VIN S (Vour + 20V) 

TJ = 25'C, lour = 200mA, Vouro:t 10V 
(Vour + 3V) S VIN S (Vour + 15V) 
(Vour + 3V) S VIN S (Vour + 7V) 

Load regulation TJ = 2S"C 
5mA S lout:5 SOOmA, VIN = Your + 7V 

Control pin current tJ = 25°C 

Quiescent cu rrent TJ = 25°C 

Ripple rejection BVSVINS1BV IOlJt=300mA, TJ=25'C 
Your = 5V, f = 120Hz lour=100mA 

Output noise voltage 10Hz S f S 100kHz, VOUT = SV 

Dropout voltage2 /LA78MG 
/LA7BMGC 

Short circuit current VIN = 35V, TJ = 25'C 

Peak output current TJ = 25°C 

Average temperature coefficient VOUT =5V 
of output voltage lOUT = 5mA 

Control pin voltage TJ = 25·C 
(reference) 

NorES 
1. Vour Is defined lor the 78MGC as Vour =~15.0I; rhe 79MGC as Vour=~1-2.23). 

R2 

2. Dropout voltage is deli ned as that Input-output voltage differential which causeothe 
output voltage to decrease by 5% 01 Its initial value. 
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/LA78MG 

Min Typ Max 

7.S 40 

S.O 30 

4.0 
S.O 

1.0 

0.75 
0.67 

1.0 

1.0 S.O 
B.O 

2.B 4.0 
S.O 

62 80 
62 

25 

3.0 
2.5 

300 

800 

-0:0-

4.B S.O 5.2 
4.15 5.25 

UNIT 

V 

V 

%(Vour) 
%IVOUT) 

'to(Vour) 

%(Vour) 
%(Vour) 

%(Vour) 

iiA 
/LA 

mA 
mA 

dB 
dB 

/LV 

V 

mA 

mA 

mV/oC 

V 
V 



p.A78MG/78MGC,p.A79MG/79MGC-H,V1 

DC ELECTRICAL CHARACTERISTICS O°C:5 TJ:5 12SoC for p.A79MGC, -SsoC:5 TJ :51S0°C 
for p.A79MG VIN = -10V p.A79MG lOUT = 3S0mA, 
unless otherwise specified! 

PARAMETER TEST CONDITIONS1 

Input voltage range TJ = 2SoC 

Output voltage range VIN - VOUT - SV 

Output voltage tolerance VOUT-1SV:5VIN:5VOUT- 3V, TJ=2SoC 
SmA :5 lOUT :5 3S0mA 

Po:5 SW, VIN (MAX) = -38V 

Line regulation TJ = 2SoC, IOUT= 200mA, VOUT<:: -10V 
(VOUT - 20V) :5 VIN :5 (VOUT - 2.SV) 

TJ = 2SoC, lOUT = 200mA, VOUT:5 -10V 
(VOUT -'1SV):5 VIN:5 (VOUT - 3V) 
(VOUT - 7V) :5 VIN :5 (VOUT - 3V) 

Load regulation VIN = VOUT - 7V, SmA:5 IOUT:5 SOOmA 
TJ = 2SoC 

Control pin current TJ = 2SoC 

Quiescent current TJ = 2SoC 

Ripple rejection -18V:5VIN:5-8V TJ=2SoC, lOUT = 300mA 
VOUT=-SV, f= 120Hz IOUT=100mA 

Output noise voltage 10Hz:5 f:5 100kHz, VOUT = -5V 

Dropout voltage2 p.A79MG 
ILA79MGC 

Short circuit current VIN = -3SV 

Peak output current 

Average temperature coefficient VOllT = -SV 
of output voltage lOUT = SmA 

Control pin voltage TJ = 2SoC 
(reference) 

·NOTE 
The convention for Negative Regulators is the Algebraic value. thus -15 Is les.than -10V. 

TYPICAL PERFORMANCE CHARACTERISTICS FOR ~A78MG 

PEAK OUTPUT CURRENT AS A 
FUNCTION OF INPUT-OUTPUT 

DIFFERENTIAL VOLTAGE 

7BMG 
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II: 

" U ... 
C 
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p.A79MG 
UNIT 

MIn Typ Max 

-40 -7.0 V 

-30 -2.23 V 

4.0 %(VOUT) 
S.O %(VOUT) 

1.0 %(VOUT) 

0.7S %(VOUT) 
0.67 %(VOUT) 

1.0 %(VOUT) 

3.0 p.A 
2.0 p.A 

O.S 1.S mA 
2.S mA 

S4 65 dB 
SO dB 

12S p.V 

2.S 
V 

2.3 

SOO mA 

6S0 mA 

-0.4 mV/oC 

-2.32 -2.23 -2.14 V 
-2.3S -2.11 V 

CONTROL CURRENT AS A 
FUNCTION OF TEMPERATURE 

78MG 

1.S 

r\ 
\ 
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1'\ 
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'i'. 
...... 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cant'd) 
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/JA78MG/78MGC,/JA79MG/79MGC-H,V1 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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DESCRIPTION 
The /o<A79MOO series of monolithic Three 
Terminal Negative Regulators employs in­
ternal current limiting, thermal shutdown, 
and safe-area compensation making them 
essentially indestructable. If adequate heat 
sinking' is provided they can deliver over 
500mA output current. They are intended as 
fixed voltage regulators, but used uith exter­
nal components, can provide adjustable 
output voltages and currents. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Input voltage 
(-5V through -15V)1 
(-20V, -24V) 

Internal power dissipation 
Storage temperature range 

TO-39 
TO-220 

FEATURES 
• Output current up to 500mA 
• No external components 
• Internal thermal overload prot,ctlon 
• Internal short circuit current limiting 
• Output transistor safe-area compensa­

tion. 
• Available In the TO-220 and the TO-39 

package 
• Output voltages of -5, -5.2, -6, -8, -12, 

-15, -18 and -24 volts 
• Mil std 883B pending 

RATING UNIT 

-35 V 
-40 V 

Internally limited 

-65 to +150 °C 
-55 to +125 °C 

Operating junction temperature range2 

79MOO -55 to +150 
79MOOC 

Lead temperature 
TO-39 package 
(soldering, 60 sec) 

TO-220 package 
(soldering, 10sec) 

NOTES 

1. Thermal resistance of the packages (without a heat slnkl 
Junction to case: TO-220 Package 2·CIW TO-39Package 20·CIW. 
Junction to ambient: TO-220 Package SO'C/W TO-39 Package 170'CIW. 

2. Operating ambient temperature r:ange 
-SS·C to +12S·C 
O'C to +BS'C 

232 

o to +125 

300 

230 

9!)ODtiC9 

°C 
°C 

°C 

°C 

/o<A79MOO-DB,U 

PIN CONFIGURATIONS 

U PACKAGE (TO-220) 

~ 
OUTPUT (2) [illg! 7 COMMON (3) 

INPUT (1) 

ORDER INFORMATION 
OUTPUT ORDER 
VOLTAGE PART NO. 

-SV 79MOS CU 
-S.2V 79M05.2 CU 
-6V 79M06 CU 
-BV 79M08 CU 
-12V 79M12 CU 
-15V 79M1S CU 
-18V 79M1B CU 
-24V 79M24 CU 

DB PACKAGE (TO-39) 

INPUQCD 

OUTPUT ® 
® 
COMMON 

OUTPUT ORDER 
VOLTAGE PART NO. 

-SV 79MOS DB 
-S.2V 79M05.2 DB 
-6V 79MOB DB 
-8V 79MOB DB 
-12V 79M12 DB 
-1SV 79M1S DB 
-1BV 79M1B DB 
-24V 79M24 DB 
-SV 79MOS COB 

-S.2V 79MOS.2 COB 
-6V 79M06 COB 
-6V 79MOB COB 
-12V 79M12 COB 
-1SV 79M1S COB 
-1BV 79M1B COB 
-24V 79M24 COB 



$AlIMDO 

p.A 79MOO-OB, U 

EQUIVALENT CIRCUIT 

r---~------------~--------~~~----------------~--------------~--------~----~_oCOMMON 

D2 

Q1 

RS 
420 

R1 
7.8K 

R20 
17.2K 

Q4 

R2 
1.4K 

I 
I 
I 
I 
I 
I __ ....I 

-12Y TO -24Y 
OPTIONS .----+ __ + ________ ....J 

t-~-----<Q1. 

+-----~------CQ17 

R2. 
4K 

R25 
4.5K 
TO UK 

Rt. 
0.2 

~--~------~----~----__ ~~--~--------------~~~--~--------------~--------~_oIN~T 

Resistor values in kCl unless otherwise noted. 
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DC ELECTRICAL CHARACTERISTICS lOUT = 350mA, TJ = 25°C, CIN = 2pF, COUT = 1pF, 
unless otherwise specified. 

PARAMETER TEST CONDITIONS 

VOUT Output voltage 

5mA S; lOUT S; 350mA, Po S; 4W, over temp.' 

Line regulation 

Load regulation 5mA S; lOUT S; 500mA 
5mA S; lOUT < 350m A 

Icc 

~Icc With line 
~Icc With load, 5mA S; lOUT S; 350mA 

Output noise voltage 10Hz S; f S; 100KHz 

Ripple rejection f = 120Hz lOUT = 100mA, over temp" 

Dropout voltage 

Peak output current 

Average temperature co- lOUT = 5mA 
efficient of output voltage 

Isc VIN = -30V 

DC ELECTRICAL CHARACTERISTICS (Cont'd) 

PARAMETER 

VOUT Output voltage 

Line regulation 

Load regulation 

Icc 

~Icc 

~Icc 

Output noise voltage 

Ripple rejection 

Dropout voltage 

Peak output current 

Average temperature co-
efficient of output voltage 

Isc 
'NOTE 
-5S·C" TJ ,,+1S0·C for 79MOO 
O·C" TJ" +12S·C for 79MOOC 
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TEST CONDITIONS 

5mA < lOUT < 350mA, Po < 4W, over temp~ 

5mA S; lOUT S; 500mA 
5mA S; lOUT S; 350mA 

With line 
With load, 5mA S; lOUT S; 350mA 

10Hz S; f S; 100KHz 

f = 120Hz lOUT = 100mA, over temp" 

lOUT = 5mA 

VIN = -30V 

SjglDllCS 

79M05 

Min Typ Max 

VIN= -10V 
-5.2 I ":5.0 I -4.8 

-25V S; VIN S; -7V 
-5.25 'I I -4.75 

-25V S; VIN S; -7V 

1 7.0 I 50 
-18V S; VIN::; -8V 

3.0 30 

75 100 
50 

1.0 2.0 

-25V S; VIN S; -8V 
0.4 
0.4 

125 

-1BV S; VIN S; -BV 
50 

1.1 

650 

-0.4 

140 

79M05.2 

Min Typ Max 

VIN = -10V 
-5.0 1 -5.2 I -5.4 

-25V S; VIN S; -7V 
-5.45 I T -4.95 

-25V S; VIN S; - 7V 

1 7.0 I 50 
-18V S; VIN S; -BV 

3.0 30 

75 100 
52 

1.0 2.0 

-25V S; V IN S; -BV 
0.4 
0.4 

125 

-1BV S; VIN S; -8V 
50 

1.1 

650 

-0.4 

140 

pA79MOO-DB,U 

79M05C 
UNIT 

Min Typ Max 

VIN = -10V 
-5.2 I -5.0 I -4.8 V 

-25V S; VIN S; -7V 
-5.25 i I -4.75 V 

-25V S; VIN S; -7V 

I 7.0 I 50 mV 
-18V S; VIN S; -BV 

3.0 30 mV 

75 100 mV 
50 mV 

1.0 2.0 mA 

-25V S; VIN S; -BV 
0.4 mA 
0.4 mA 

125 pV 

-1BV S; VIN S; -BV 
50 dB 

1.1 V 

650 mA 

-0.4 mV/oC 

140 mA 

79M05.2C 
UNIT 

Min Typ Max 

VIN = -10V 
-5.0 I -5.2 I -5.4 V 

-25V S; VIN S; -7V 
-5.00 i T -5.4 V 

-25V S; VIN S; - 7V 

1 7.0 I 50 mV 
-1BV S; VIN S; -BV 

3.0 30 mV 

75 100 mV 
52 mV 

1.0 2.0 mA 

-25V S; VIN S; -BV 
0.4 mA 
0.4 mA 

125 pV 

-1BV S; VIN S; -BV 
50 dB 

1.1 V 

650 mA 

-0.4 mV/oC 

140 mA 



,uA79MOO-DB,U 

DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = 3S0mA, TJ = 2SoC, CIN = 2,uF, COUT = 1,uF, 
unless otherwise specified. 

79M06 
PARAMETER TEST CONDITIONS 

Min Typ Max 

VIN - -11V 
VOUT Output voltage -6.2sl -6.0 I -S.7S 

-2SV ~ VIN ~ -8V 
SmA ~ lOUT ~ 3S0mA, Po ~ 4W, over temp .. -6.3 I T -S.7 

Line regulation 

Load regulation SmA ~ lOUT ~ SOOmA 
SmA ~ OUT ~ 3S0mA 

Icc 

.:lIce With line 

.:lIce With load, SmA ~ lOUT ~ 3S0mA 

Output noise voltage 10Hz ~ f ~ 100KHz 

Ripple rejection f = 120Hz lOUT = 100mA, over temp.' 

Dropout voltage 

Peak output current 

Average temperature co- lOUT = SmA 
efficient of output voltage 

Isc VIN = -30V 

DC ELECTRICAL CHARACTERISTICS (Cont'd) 

PARAMETER 

VOUT Output voltage 

Line regulation 

Load regulation 

Icc 

.:lIce 

.:lIce 

Output noise voltage 

Ripple rejection 

Dropout voltage 

Peak output current 

Average temperature co-
efficient of output voltage 

Isc 

NOTE 
-55·C S TJ S +150·C for 79MOO 
O·C S TJ S +125·C for 79MOOC 

TEST CONDITIONS 

SmA ~ lOUT ~ 3S0mA, Po ~ 4W, over temp" 

SmA ~ lOUT ~ SOOmA 
SmA ~ lOUT ~ 3S0mA 

With line 
With load, SmA ~ lOUT ~ 3S0mA 

10Hz ~ f ~ 100KHz 

f = 120Hz lOUT = 100mA, over temp: 

lOUT = SmA 

VIN - -30V 

-2SV ~ VIN ~ -7V 
I 7.0 1 60 

-19V ~ VIN ~ -9V 
3.0 40 

80 120 
SS 

1.0 2.0 

-2SV ~ VIN ~ -9V 
0.4 
0.4 

1S0 

-19V ~ VIN ~ -9V 
SO 

1.1 

6S0 

-0.4 

140 

79M08 

Min Typ Max 

VIN = -14V 
-8.3 I -8.0 I -7.7 
-2SV ~ VIN ~ -10.SV 
-8.4 r "-7.6 

-2SV ~ VIN ~ -10.SV 
I 8.0 I 80 

-21V ~ VIN ~ -11V 
4.0 SO 

90 160 
60 

1.0 2.0 

-2SV:<::: VIN ~ -10.SV 
0.4 
0.4 

200 

-21.SV ~ VIN ~ -11.SV 
SO 

1.1 

6S0 

-0.6 

140 

79M06C 

Min Typ Max 

VIN--11V 
-6.2S 1 -6.0 I -S.7S 

-2SV ~ VIN ~ -8V 
-6.3 I T -S.7 

-2SV ~ VIN ~ -7V 

I 7.0 I 60 
-19V ~ VIN ~ -9V 

3.0 40 

80 120 
SS 

1.0 2.0 

-2SV ~ VIN ~ -9V 
0.4 
0.4 

1S0 

-19V ~ VIN ~ -9V 
SO 

1.1 

6S0 

-0.4 

140 

79M08C 

Min Typ Max 

VIN = -14V 
-8.3 I -8.0 I -7.7 
-2SV ~ VIN ~ -10.SV 
-8.4 L I 7.6 

-2SV ~ VIN ~ -10.SV 

I 8.0 I 80 
-21V ~ VIN ~ -11V 

4.0 SO 

90 160 
60 

1.0 2.0 

-2SV ~ VIN ~ -10.SV 
0.4 
0.4 

200 

-21.SV ~ VIN ~ -11.SV 
SO 

1.1 

6S0 

-0.6 

140 

UNIT 

V 

V 

mV 

mV 

mV 
mV 

mA 

mA 
mA 

Jl.V 

dB 

V 

mA 

mV/oC 

mA 

UNIT 

V 

V 

mV 

mV 

mV 
mV 

mA 

mA 
mA 

,uV 

dB 

V 

mA 

mV/oC 

mA 
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DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = 350mA, TJ = 25°C, CIN = 2!LF, COUT = 1!LF, 
unless otherwise specified. 

PARAMETER TEST CONDITIONS 

VOUT Output voltage 

5mA::; lOUT::; 350mA, Po::; 4W, over temp~ 

Line regulation 

Load regulation 5mA ::; lOUT::; 500mA 
5mA::; lOUT::; 350m A 

Icc 

.:lIce With line 

.:lIce With load, 5mA::; lOUT::; 350mA 

Output noise voltage 10Hz::; f::; 100KHz 

Ripple rejection f = 120Hz lOUT = 100mA, over temp" 

Dropout voltage 

Peak output cu rrent 

Average temperature co- lOUT = 5mA 
efficient of output voltage 

Isc VIN = -30V 

DC ELECTRICAL CHARACTERISTICS (Cont'd) 

PARAMETER 

VOUT Output voltage 

Line regulation 

Load regulation 

Icc 

.:lIce 

.:lIce 

Output noise voltage 

Ripple rejection 

Dropout voltage 

Peak output current 

Average temperature co-
efficient of output voltage 

Isc 

'NOTE 
-5S"C'; TJ'; +1S0"C for 79MOO 
D"C'; TJ'; +12S"C for 79MODC 
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TEST CONDITIONS 

5mA::; lOUT::; 350mA, PD::;4W, over temp.' 

5mA ::; lOUT::; 500mA 
5mA ::; lOUT::; 350mA 

With line 
With load, 5mA ::; lOUT::; 350mA 

10Hz::; f::; 100KHz 

f = 120Hz lOUT = 100mA, over temp.' 

IOUT= 5mA 

VIN = -30V 

S(gnotics 

79M12 

Min Typ Max 

VIN = -19V 
-12.5 1 -12 1-11 .5 
-30V ::; VIN::; -14.5V 
-12.6 11-11.4 

-30V::; VIN::; -14.5V 

1 9.0 / 80 
-25V::; VIN ::; -15V 

5.0 50 

65 240 
45 

1.5 3.0 

-30V::; VIN::; -14.5V 
0.4 
0.4 

300 

-28.5V::; VIN::; -18.5V 
50 

1.1 

650 

-0.8 

140 

79M15 

Min Typ Max 

VIN = -23V 
-15.6 1 -15 1 -14.4 
-30V::; VIN::; -17.5V 

-15.751 ·/-14.25 

-30V::; VIN::; -17.5V 

/ 9.0 1 80 
-28V::; VIN::; -18V 

7.0 50 

65 240 
45 

1.5 3.0 

-30V::; VIN::; -17.5V 
0.4 
0.4 

375 

-28.5V::; VIN::; -18.5V 
50 

1.1 

650 

-1.0 

140 

79M12C 

Min Typ Max 

VIN = -19V 
-12.5 / -12 1 -11.5 
-30V::; VIN ::; -14.5V 

-12.61 -I -11.4 

-30V ::; VIN ::; -14.5V 
I 9.0 I 80 

-25V::; VIN ::; -15V 
5.0 ·50 

65 240 
45 

1.5 3.0 

-30V::; VIN::; -14.5V 
0.4 
0.4 

300 

-28.5V::; VIN::; -18.5V 
50 

1.1 

650 

-0.8 

140 

79M15C 

Min Typ Max 

VIN = -23V 
-15.6 I -15 1 -14.4 
-30V::; VIN ::; -17.5V 

-15.751 /-14.25 

-30V::; VIN::; -17.5V 

I 9.0 80 
-28V::; VIN::; -18V 

7.0 50 

65 240 
45 

1.5 3.0 

-30V::; VIN ::; -17.5V 
0.4 
0.4 

375 

-28.5V::; VIN ::; -18.5V 
50 

1.1 

650 

-1.0 

140 

UNIT 

V 

V 

mV 

mV 

mV 
mV 

mA 

mA 
mA 

!LV 

dB 

V 

mA 

mV/oC 

mA 

UNIT 

V 

V 

mV 

mV 

mV 
mV 

mA 

mA 
mA 

!LV 

dB 

V 

mA 

mV/oC 

mA 



.uA79MOO-DB,U 

DC ELECTRICAL CHARACTERISTICS (Cont'd) lOUT = 3S0mA, TJ = 2SoC, CIN = 21'F, COUT = 11'F, 
unless otherwise specified. 

PARAMETER TEST CONDITIONS 

VOUT Output voltage 

SmA:::; lOUT:::; 3S0mA, PD:::; 4W, over temp~ 

Line regulation 

Load regulation SmA:::; lOUT:::; SOOmA 
SmA:::; lOUT:::; 3S0mA 

Icc 

.:lIce With line 

.:lIce With load, SmA:::; lOUT:::; 3S0mA 

Output noise voltage 10Hz:::; f:::; 100KHz 

Ripple rejection f = 120Hz lOUT = 100mA, over temp.* 

Dropout voltage 

Peak output current 

Average temperature co- lOUT = SmA 
efficient of output voltage 

Isc VIN = -30V 

DC ELECTRICAL CHARACTERISTICS (Cont'd) 

PARAMETER 

VOUT Output voltage 

Line regulation 

Load regulation 

Icc 

.:llcc 

.:llcc 

Output noise voltage 

Ripple rejection 

Dropout voltage 

Peak output current 

Average temperature co-
efficient of output voltage 

Isc 

·NOTE 
-55'C';; TJ ,;; +150'C for 79MOO 
O'C';; TJ';; +12S'C for 79MOOC 

TEST CONDITIONS 

SmA:::;louT:::;3S0mA, PD:::;4W, overtemp.* 

SmA :s lOUT :s SOOmA 
SmA :s lOUT :s 3S0mA 

With line 
With load, SmA:::; lOUT:::; 3S0mA 

10Hz:::; f:::; 100KHz 

f = 120Hz lOUT = 100mA, over temp.* 

lOUT = SmA 

VIN = -30V 

Si!lDotiCS 

79M18 

Min Typ Max 

VIN = -27V 
-18.7 I -18 I -17.3 

-33V:::; VIN:::; -21V 
-18.9 ,- , -17.1 

-33V:::; VIN:::; -21V 

I 11 I 80 
-32V:::; VIN :::; -22V 

11 70 

70 300 
48 

1.S 3.S 

-33V:::; VIN:::; -21V 
.4 
.4 

4S0 

-32V :::; VIN :::; -22V 
SO 

1.1 

6S0 

-1.0 

140 

79M24 

Min Typ Max 

VIN = -33V 
-2S I -24 I -23 
-38V :::; VIN :::; -27V 

-2S.2 r I -22.8 

-38V :::; VIN :::; -27V 

I 12 I 80 
-38V :::; VIN :::; -28V 

12 70 

7S 300 
SO 

1.S 3.S 
-38V < VIN < -27V 

0.4 
0.4 

600 

-38V :::; VIN :::; -28V 
SO 

1.1 

6S0 

-1.0 

140 

79M18C 

Min Typ Max 

VIN = -27V 
-18.7 I -18 I -17.3 

-33V :::; VIN :::; -21 V 
-18.9', I -17.1 

-33V :::; VIN :::; -21 V 
I 11 I 80 

-32V :::; VIN :::; -22V 
11 70 

70 300 
48 

1.S 3.S 

-33V :::; VIN :::; -21V 
.4 
.4 

4S0 

-32V :::; VIN :::; -22V 
SO 

1.1 

6S0 

-1.0 

140 

79M24C 

Min Typ Max 

VIN = -33V 
-2S I -24 , -23 
-38V :s VIN :::; -27V 

-2S.2 I I -22.8 

-38V :s VIN :::; -27V 

I 12 I 80 
-38V :s VIN :::; -28V 

12 70 

7S 300 
SO 

1.S 3.S 
-38V < VIN < -27V 

0.4 
0.4 

600 

-38V :::; VIN :::; -28V 
SO 

1.1 

6S0 

-1.0 

140 

UNIT 

V 

V 

mV 

mV 

mV 
mV 

mA 

mA 
mA 

I'V 

dB 

V 

mA 

mVioC 

mA 

UNIT 

V 

V 

mV 

mV 

mV 
mV 

mA 

mA 
mA 

.uV 

dB 

V 

mA 

mV;oC 

mA 
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TYPICAL PERFORMANCE CHARACTERISTICS 

238 

=: 
~ 
I-z· 
W rr 

~ 
Q 
I-

" .. 
5 
0 

.:. 
" .. 
i!: 

1 
.:. z 
w rr 
rr 

" U 
I-

" .. 
I-

" 0 

DROPOUT VOLTAGE 
AS A FUNCTION OF 

JUNCTION TEMPERATURE 

1.2 
1 1 .... ~uT15D+A r-r--1.0 

i"--- I I 
0.8 "" -- ,OUT 2D~t.. 

r--. l""- .... ~~UT=lDDmA 
0.6 

0.4 

........ ~ -~.~t--. 
1 I"" ....... 
I ..... 

0.2 I- DROPOUT CONDITIONS 
AVOUT= 5% OF VO.UT 

-75 -50 -25 0 25 50 75 100 125 150 175 

JUNCTION TEMPERATURE ~ DC 

PEAK OUTPUT CURRENT AS A 
FUNCTION OF INPUT-OUTPUT 

DIFFERENTIAL VOLTAGE 

800 

700 

600 

"'" 500 

400 \. 
300 

\ 
200 

\ 
100 

T J =2SoC 

10 15 20 25 3D 

INPUT ~ OUTPUT DIFFERENTIAL - V 

RIPPLE REJECTION 
AS A FUNCTION OF FREQUENCY 

'0 0 

o ,._ .... 
" 

0 
I I 

i i , 
0 

: I I I 
,WIN'" 10Vpk·pk 

0 lOUT = 200mA 

YJ := 25°C 

0 IIII I I 
'0 '00 

II 
V~UT .'_.~ to '8V f7 

-....u . 
..····rrr \. ". 

I II 

" V OUT := -112~ to -24V 

I" 

! i 
II 
II 

1.0k 

FREQUENCY-IHzl 

'Ok 

~ ..... 

I'\; 

100k 

Sjgnotics 

OUTPUT VOLTAGE 
AS A FUNCTION OF 

JUNCTION TEMPERATURE 

o 15f-+-+-+--+-f-+--+-f--+---i 

0.10 f--+-+-t-+-f--t--+-f-+---i 
~ 

O.OSf-+~~:f---+-f--+--+-f--+---i 
.. ~~ V OUT ~ -SV TO -8V 

""'CI.~ •• " ••• M'· ""J 
-O.05~-+-~-+--+-f=~~~t;:;;~d 

V OUT" -12V TO -24V 

-D. 10r--

-O.2~7!:-S-_-;S';;-0 --~2S'----"'0 ----;2!;;S----;;."'"0 -:!;7S;--;'-!;;00~'2;;;5,-;c'5~0"""!'7S 
JUNCTION TEMPERATURE-oC 

-
~ 
u 
z· . 
~ 
~ 

" 5 
0 

OUTPUT IMPEDANCE 
AS A FUNCTION OF FREQUENCY 

'0 

'0 

'0 

'0 

lour=100mAI'i! '! II ill ! I ~~~~51 
V OUT" -5V 

TJ = 25°C 
I'I III 

CaUT= llJF ...J", .-~SOLIO TANTALUM 

Ir \. 
, 

I COUT" 25IJF 
ALUMINUM 

I'! , 
I 

,lllli II1I illi IIII llii tJ1. ill 
10 100 1k 10k lOOk 1M 10M 100M 

FREQUENCY-Hz 

RIPPLE REJECTION AS 
A FUNCTION OF 

OUTPUT VOLTAGES 

40f--+-+-t-+-+-t-+-+-t-~ 

TJ = 26°C 

20 V IN = 10Vpk·pk 

to" 120H;z 

lOUT" 200mA 

~~~-!8----;'~0----;;''''"2-f,'4~'~6~'8~~20~2~2~24' 
NOMINAL OUTPUT VOLTAGE-IVI 

,..A79MOO-DB,U 



IIIREE·TERMINAL NEG AliVE VOLTAGE REGULAIOR 

TYPICAL PERFORMANCE CHARACTRISTICS (Cont'd) 
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Sjgnotics 

n1d19MOO 

p.A 79MOO-DB,U 

.;, 
" ~ 
0 
> ... 
::> .. 
~ 

239 



240 Smnotics 



SEOTlon 4 
TimERS 
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FEATURES 
• Turn 011 time less than 2J.1s 
• Maximum operating Irequency greater 

than 500kHz 
• Timing Irom microseconds to hours 
• Operates in both astable and monostable 

modes 
• High output current 
• Adjustable duty cycle 
• TTL compatible 
• Temperature stability 01 0.005% per DC 
• SE555 Mil std 883A,B,C available M3851 0 

(JAN) approved, M38510 processing 
available. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
SE555 
NE555. SE555C, SA555 

Power dissipation 
Operating temperature range 

NE555 
SA555 
SE555, SE555C 

Storage temperature range 
Load temperature (soldering, 60sec) 

EQUIVALENT SCHEMATIC 

SA555F,N,N-14 • SE555F,T,N,N-14 • SE555C,F,T,N,N-14 • NE555F,T,N,N-14 

PIN CONFIGURATIONS 

N PACKAGE 

GROUNOOa 
TRIGGER 2 7 

OUTPUT 3 6 

RESET 4 5 

APPLICATIONS 
• Precision timing 
• Pulse generation 
• Sequential timing 
• Time delay generation 
• Pulse width modulation 
• Pulse position modulation 
• Missing pulse detector 

RATING 

+18 
+16 
600 

o to +70 
-40 to +85 
-55 to +125 
-65 to +150 

300 

FM 
5 

lagnotlGI 

VCC 

DISCHARGE 

THRESHOLD 

CONTROL 
VOLTAGE 

UNIT 

V 
V 

mW 

DC 
DC 
DC 
DC 
DC 

F,N-14 PACKAGE 

GND VCC 

NC NC 

TRIGGER DISCHARGE 

NC 

NC THRESHOLD 

RESET 

NC 
CONTROL 
VOLTAGE 

T PACKAGE 

vcc 

GROUND DISCHARGE 

TRIGGER THRESHOLD 

OUTPUT CONTROL 
VOLTAGE 

RESET 

BLOCK DIAGRAM 

DISM 
CHARGE 

OUTPUT 

CONTROL 
VOLTAGE 

~----+-05 

R 

RESET 

GROUND 
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SA555F,N,N-14 eSE555F,T,N,N-14 e SE555C,F,T,N,N-14 e NE555F,T,N,N-14 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = +5V to +15 unless otherW.ise specified. 

PARAMETER 

Supply voltage 
Supply current <low state)1 

Timing error (monostable) 
Initial accuracy2 
Drift with temperature 
Drift with supply voltage 

Timing error (astable) 
Initial accuracy2 
Drift with temperature 
Drift with supply voltage 

Control voltage level 

Threshold voltage 

Threshold current3 

Trigger voltage 

Trigger current 

Reset voltage4 

Reset current 
Reset current 

Output voltage <low) 

Output voltage (high) 

Turn off time5 

Rise time of output 
Fall time of output 
Discharge leakage current 

NOTES 
1, Supply current when output high typically 1 mA less, 
2, Tested at Vee = 5V and Vee = 15V. 

TEST CONDITIONS 

Vee - 5V RL - CD 

Vee = 15V RL = CD 

RA = 2KO to 100KO 
C = 0.1~F 

RA, Rs = 1kO to 100kO 
C = 0.1~F 
Vee = 15V 

Vee = 15V 
Vce = 5V 

Vee = 15V 
Vee = 5V 

Vee = 15V 
Vee = 5V 

VTRIG = OV 

VRESET = OV 

Vee = 15V 
ISINK = 10mA 
ISINK = 50mA 

ISINK = 100mA 
ISINK = 200mA 

Vee = 5V 
ISINK = 8mA 
ISINK=5mA 

Vee = 15V 
IsouReE = 200mA 
ISOUReE = 100mA 

Vee = 5V 
ISOURCE = 100mA 

VRESET = Vec 

3. This will determine the maximum value of AA + RB, for 15V operation, the max total 
R = 10 megohm, and for 5V operation. the max total R = 3.4 megohm, 

4. Specified with trigger input high, 
5. Time measured from a positive going input pulse from 0 to O.8xVcc into the threshold 

to the drop from high to low of the output. Trigger is tied to threshold, 
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Min 

4.5 

9.6 
2.9 
9.4 
2.7 

4.8 
1.45 

0.4 

13.0 

3.0 

SE555 NE555/SE555C ISA555 

Typ Max Min Typ Max 

18 4.5 16' 
3 5 3 6 
10 12 10 15 

0.5 2.0 1.0 3.0 
30 100 50 

0.05 0.2 0.1 0.5 

1.5 2.25 
90 150 

0.15 0.3 

10.0 10.4 9.0 10.0 11.0 
3.33 3.8 2.6 3.33 4.0 
10.0 10.6 8.8 10,0 11.2 
3.33 4.0 2.4 3.33 4.2 

0.1 0.25 0.1 0.25 

5.0 5.2 4.5 5.0 5.6 
1.67 1.9 1.1 1.67 2.2 

0.5 0.9 0.5 2.0 

0.7 1.0 0.4 0.7 1.0 

0.1 0.4 0.1 0.4 
0.4 1.0 0.4 1.5 

0.1 0.15 0.1 0.25 
0.4 0.5 0.4 0.75 
2.0 2.2 2.0 2.5 
2.5 2.5 

0.1 0.25 0.3 0.4 
0.05 0.2 0.25 0.35 

12.5 12.5 
13.3 12.75 13.3 

3.3 2.75 3.3 

0.5 2.0 0.5 

100 200 100 300 
100 200 100 300 
20 100 20 100 

UNIT 

V 
mA 
mA 

% 
ppm/oC 

%IV 

% 
ppm/oC 

%IV 

V 
V 
V 
V 

~A 

V 
V 

~A 

V 

mA 
mA 

V 
V 
V 
V 

V 
V 

V 
V 

V 

I'S 

ns 
ns 
na 



SA555F,N,N-14 • SE555F,T,N,N-14 • SE555C,F,T,N,N-14 • NE555F,T,N,N-14 

TYPICAL PERFORMANCE CHARACTERISTICS 

MINIMUM PULSE WIDTH 
REQUIRED FOR TRIGGERING 
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DIIAI IIMER 

FEATURES 
• Timing from microseconds to hours 
• Replaces two 555 timers 
• Operates in both astable and monostable 

modes 
• High output current 
• Adjustable duty cycle 
• TTL compatible 
• Temperature stability of 0.005% per °C 
• SE566 MIL STD 883A, B, C available, 

N38510 (JAN planned, 38510 processing 
available). 

APPLICATIONS 
• Precision timing 
• Sequential timing 
• Pulse shaping 
• Pulse generator 
• Missing pulse detector 
• Tone burst generator 
• Pulse width modulation 
• Time delay generator 
• Frequency division 
• Industrial controls 
• Pulse position modulation 
• Appliance timing 
• Traffic light control 
• Touch tone encoder 
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HE 5E556 51\556C 
SA556F,N • SE556N,F • NE556F,N • SE556C,F,N 

BLOCK DIAGRAM 

PIN CONFIGURATION 

CONTROL 
VOLTAGE 

F,N PACKAGE 

Vee 

DISCHARGE 

THRESHOLD 

CONTROL 
VOLTAGE 

RESET 

r-----------r-----------,~e 

DISCHARGE f-----------, r----------j DISCHARGE 

THRESHOLD THRESHOLD 

CONTROL VOLTAGE 

RESET f---t----, 
CONTROL VOLTAGE 

r---+-" RESET 

OUTPUT f---t----" '-----+-., OUTPUT 

TRIGGER TRIGGER 

GROUND~---------~---------~ 

EQUIVALENT SCHEMATIC (Shown for one circuit only) 

FM 

CONTROL VOLTAGE 
VCCo--~~-~--~~~---~---+--~~-~-_, 

THRESHOLD 

OUTPUT 

TRIGGERo----+~+___c 

RESET 

DISCHARGE 

Gtgnl!tiCG 



IIIIAL JIMER HE SE556 SA551e 
SA556F,N • SE556N,F • NE556F,N • SE556CF,N 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Supply voltage 
SE556 +18 V 
NE556, SE556C, SA556 +16 V 

Power dissipation 600 mW 
Operating temperature range 

NE556 o to +70 °C 
SA556 -40 to +85 °C 
SE556, SE556C -55 to +125 °C 

Storage temperature range -65 to +150 °C 
Lead temperature +300 °C 

(Soldering, 60 sec) 

ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = +5V to +15V unless otherwise specified. 

SE556 NE556/SE556C/SA556 
PARAMETER TEST CONDITIONS UNITS Min Typ Max Min Typ Max 

Supply voltage 4.5 18 4.5 16 V 

Supply current (Jow state)1 Vee = 5V RL - '" 6 10 6 12 mA 
Vee = 15V RL = '" 20 24 20 30 mA 

Timing error (monostable) RA = 2k.o. to 100k.o. 
Initial accuracy2 C=0.1I'F 0.5 1.5 0.75 3.0 % 
Drift with temperature 30 100 50 ppm/DC 
Drift with supply voltage 0.05 0.2 0.1 0.5 %N 

Timing error (astable) RA, Rs = 1k.o. to 100k.o. 
Initial accuracy2 C = 0.11'F 1.5 2.25 % 
Drift with temperature Vee = 15V 90 150 ppm/DC 
Drift with supply voltage 0.15 0.3 %N 

Control voltage level Vee - 15V 9.6 10.0 10.4 9.0 10.0 11.0 V 
Vee = 5V 2.9 3.33 3.8 2.6 3.33 4.0 V 

Threshold voltage Vee = 15V 9.4 10.0 10.6 8.8 10.0 11.2 V 
Vee = 5V 2.7 3.33 4.0 2.4 3.33 4.2 V 

Threshold current3 30 250 30 250 nA 

Trigger voltage Vee = 15V 4.8 5.0 5.2 4.5 5.0 5.6 V 
Vee = 5V 1.45 1.67 1.9 1.1 1.67 2.2 V 

Trigger current VTRIG = OV 0.5 0.9 0.5 2.0 }J.A 

Reset voltageS 0.4 0.7 1.0 0.4 0.7 1.0 V 
Reset current 0.1 0.4 0.1 0.6 mA 
Reset current VRESET = OV 0.4 1.0 0.4 1.5 mA 
Output voltage (Jow) Vee = 15V 

ISINK = 10mA 0.1 0.15 0.1 0.25 V 
ISINK = 50mA 0.4 0.5 0.4 0.75 V 

ISINK = 100mA 2.0 2.25 2.0 3.2 V 
ISINK = 200mA 2.5 2.5 V 

Vee = 5V 
ISINK = 8mA 0.1 0.2 0.25 0.3 V 
ISINK = 5mA 0.05 0.15 0.15 0.25 V 

Output voltage (high I Vee = 15V 
IsouReE = 200mA 12.5 12.5 V 
IsoUReE = 100mA 13.0 13.3 12.75 13.3 V 

Vee = 5V 
IsouReE = 100mA 3.0 3.3 2.75 3.3 V 

Rise time of output 100 200 100 300 ns 
Fall time of output 100 200 100 300 ns 

Discharge leakage current 20 100 20 100 nA 

Matching characteristics4 

Initial accuracy2 0.5 1.0 1.0 2.0 % 
Drift with temperature 10 10 ppm/DC 
Drift with supply voltage 0.1 0.2 0.2 0.5 %N 
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NOTES 

1. Supply current when output is high is lypically 1.0mA less. 
2. Tested at Vee = 5V and Vee = 15V. 

SA556F,N • SE556N,F • NE556F,N • SE556C,F,N 

4. Matching charactristics refer to the difference between performance characteristics 
for each timer section In the monostable mode. 

3. This will determine the maximum value of RA + RB. For 15Voperation, the maximum 
total R = 10 meg-ohms, and for 5V operation, the max. total R = 3.4 meg-ohms. 

5. Specified with trigger input high. 

TYPICAL PERFORMANCE CHARACTERISTICS 
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FEATURES 
• Turn off time less than 21'S 
• Maximum operating frequency greater 

than 500kHz 
• Timing from microseconds to hours 
• Replaces two 555 timers 
• Operates in both astable and monostable 

modes 
• High output current 
• Adjustable duty cycle 
• TTL compatible 
• Temperature stability of 0.005% per °C 

APPLICATIONS 
• Precision timing 
• Sequential timing 
• Pulse shaping 
• Pulse generator 
• Missing pulse detector 
• Tone burst generator 
• Pulse width modulation 
• Time delay generator 
• Frequency division 
• Industrial controls 
• Pulse position modulation 
• Appliance timing 
• Traffic light control 
• Touch tone encoder 

SA556-1F,N • SE556-1N,F • NE556-1N,F. SE556-1CN,F 

PIN CONFIGURATION 

F,N PACKAG.E 

DISCHARGE 1 Vee 
THRESHOLD 2 DISCHARGE 

CONTROL 3 THRESHOLD 
VOLTAGE 

CONTROL 
VOLTAGE 

RESET 

TRIGGER 6 

GROUND 7 B TRIGGER 

BLOCK DIAGRAM 

,-----------r-----------,Vee 

DISCHARGE 1---------., ,---------; DISCHARGE 

THRESHOLD THRESHOLD 

CONTROL VOLTAGE 

RESET 1-+----, 
CONTROL VOL rAGE 

.---t-l RESET 

OUTPUT I-+--......J '---t-l OUTPUT 

TRIGGER TRIGGER 

GROUNDL-_________ -L ________ ~-J 

EQUIVALENT SCHEMATIC (Shown for one circuit only) 

FM 

CONTROL VOL rAGE 
Veeo--~--~--~-~---~--_+--t__t-1_-_, 

THRESHOLD 

OUTPUT 

TRIGGER0----+--t--c 

RESET r...._--"~ 
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DUAL TIMER N[ SESS6 1, S[556 Ie, SA556 1 
SA556-1F,N • SE556-1N,F • NE556-1N,F • SE556-1CN,F 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Supply voltage 
SE556-1 +18 V 
NE556-1, SE556-1C, SA556-1 +16 V 

Power dissipation 1.20 W 
Operating temperature range 

NE556-1 o to +70 °C 
SA556-1 -40 to +85 °C 
SE556-1, SE556-1C -55 to +125 °C 

Storage temperature range -65 to +150 OC 
Lead temperature 

(soldering, 60 sec) +300 °C 

ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = +5V to +15V unless otherwise specified. 

PARAMETER TEST CONDITIONS 
SE556-1 SA556-1/NE556-1/SE556-1C 

UNITS 
Min Typ Max Min Typ Max 

Supply voltage 4.5 18 4.5 16 V 

Supply current (low state)1 Vee = 5V RL = '" 6 10 6 12 mA 
Vee = 15V RL = '" 20 24 20 30 mA 

Timing error (monostable) RA = 2kO to l00kO 
Initial accuracy2 C=O.l/LF 0.5 1.5 0.75 3.0 % 
Drift with temperature 30 100 50 ppmfDC 
Drift with supply voltage 0.05 0.2 0.1 0.5 %N 

Timing error (astable) RA, RB = lkO to 100kO 
Initial accuracy2 C =O.l/LF 1.5 2.25 % 
Drift with temperature Vee = 15V 90 150 ppm/DC 
Drift with supply voltage 0.15 0.3 %N 

Control voltage level Vee = 15V 9.6 10.0 10.4 9.0 10.0 11.0 V 
Vee = 5V 2.9 3.33 3.8 2.6 3.33 4.0 V 

Threshold voltage Vee = 15V 9.4 10.0 10.6 8.8 10.0 11.2 V 
Vee = 5V 2.7 3.33 4.0 2.4 3.33 4.2 V 

Threshold current3 30 250 30 250 nA 

Trigger voltage Vee = 15V 4.8 5.0 5.2 4.5 5.0 5.6 V 
Vee = 5V 1.45 1.67 1.9 1.1 1.67 2.2 V 

Trigger current VTRIG = OV 0.5 0.9 0.5 2.0 /LA 

Reset voltageS 0.4 0.7 1.0 0.4 0.7 1.0 V 
Reset current 0.1 0.4 0.1 0.6 mA 
Reset cu rrent VRESET = OV 0.4 1.0 0.4 1.5 mA 

Output voltage (low) Vee = 15V 
ISINK = 10mA 0.1 0.15 0.1 0.25 V 
ISINK = 50mA 0.4 0.5 0.4 0.75 V 

ISINK = 100mA 0.8 1.2 2.0 2.5 V 
ISINK = 200mA 2.5 2.5 V 

Vee = 5V 
ISINK = 8mA 0.1 0.2 0.25 0.3 V 
ISINK = 5mA 0.05 0.15 0.15 0.25 V 

Output voltage (high) Vec = 15V 
ISOURCE = 200mA 12.5 12.5 V 
ISOURCE = 100mA 13.0 13.3 12.75 13.3 V 

Vee = 5V 
IsouReE = 100mA 3.0 3.3 2.75 3.3 V 

Turn off timeS VRESET - Vce 0.5 2.0 0.5 /J.S 
Rise time of output 100 200 100 300 ns 
Fall time of output 100 200 100 300 ns 

Discharge leakage current 20 100 20 100 nA 

Matching characteristics4 

Initial accuracy2 0.5 1.0 1.0 2.0 % 
Drift with temperature ±10 ±10 ppm/DC 
Drift with supply voltage 0.1 0.2 0.2 0.5 %N 
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TYPICAL CHARACTERISTICS 
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4. Matching characteristics refer to the difference between performance characteristics 
for each timer section in the monostable mode. 

5. Specified with trigger input high. 

3. This will determine the maximum value of RA + Re. For 15Voperation, the maximum 
total R = 10 megohms, and for 5V operation, the max. total R = 3.4 megohms. 

6. Time measured from a positive going input pulse from Oto 0.8 Vee into the threshold to 
the drop from high to low of the output. Trigger is tied to threshold. 
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QUAD TIMER 

DESCRIPTION 
The SNSE/NE558 and 559 Quad Timers are 
monolithic timing devices which can be 
used to produce four entirely independent 
timing functions. The 558 output sinks cur­
rent whereas the 559 sources current. These 
highly stable, general purpose controllers 
can be used in a monostable mode to pro­
duce accurate time delays, from microse­
condsto hour". In the time delay mode of 
operation, the time is precisely controlled 
by one external resistor and one capacitor. 
Astable operation can be achieved by using 
two of the four timer sections. 

The four timing sections in the 558 and 559 
are edge triggered; therefore, when con­
nected in tandem for sequential timing ap­
plications, no coupling capacitors are re­
quired. Output current capability of 100mA 
is provided in both devices. 

FEATURES 
• 100mA output current per section 
• Edge triggered (no coupling capacitor) 
• Output independent of trigger conditions 
• Wide supply voltage range 4.5V to 18V 
• Timer intervals. from microseconds to 

hours 
• Time period equals RC 
• Military qualifications pending 

APPLICATIONS 
• Sequential timing 
• Time delay generation 
• Precision timing 
• Industrial controls 
• Quad one-shot 

252 

PIN CONFIGURATION 

F,N PACKAGE 

OUTPUT A 1 

'TIMING A 2 

TRIGGER A L..:3!.J-==---' 

CONTROL 
VOLTAGE 

HE SE SuSS. 559 
NE/SE/SA558/559-F ,N 

OUTPUT 0 

TRIGGER B 6 h=,."..--..., .----===-111111 TRIGGER C 

TIMING B 7 

OUTPUTS 8 9 OUTPUT C 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATI",G UNIT 

Supply voltage 
SE558, SE559 +18 V 
NE558, NE559 +16 V 
SA558, SA559 +16 V 

Power dissipation 1.25 W 
Operating temperature range 

NE558, NE559 o to +70 DC 
SA558, SA559 -40 to +85 DC 
SE558, SE559 -55 to +125 DC 

Storage temperature range -65 to +150 DC 
Lead temperature (soldering, 60sec) +300 DC 

558 EQUIVALENT CIRCUIT 

TIMING v-",--'T1I. 

VCONTROL o-++--I--...J 
'"1------0 TRIGGER 

OUT 

GNO 
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QUAD TIMER HE SE SA558 559 
NE/SE/SA558/559-F .N 

559 EQUIVALENT CIRCUIT 

Vee 

OUT 

TIMING 

VCONTROL 0--+--+---+---' 

GND 

ELECTRICAL CHARACTERISTICS TA = 25°C. Vee = +5V,to +15V unless otherwise specified, 

PARAMETER TEST CONDITIONS 

Supply voltage 
Supply current (558) Vee = Reset = 15V 

(559) Vee = Reset = 15V 
Timing accuracy (T = RC) R = 2kO to 100kO 

C = 1J'F 

Initial accuracy 
Drift with temperature 
Drift with supply voltage 

Trigger voltage1 Vee = 15V 
Trigger current Trigger = OV 

Reset voltage2 
Reset current Reset 

Threshold voltage 
Threshold leakage 

Output voltage (558)3 IL = 10mA 
IL = 100mA 

Output voltage (559)4 IL -10mA 
IL = 100mA 

Output leakage 

Propagation delay(S58) 
(5S9) 

Risetime of output IL - 100mA 
Falltime of output IL = 100mA 

NOTES 

1. The trigger functions only on the falling edge of the trigger pulse only after previously 
being high. After reset the trigger must be brought high and then low to implement 
triggering. 

2. For reset below 0.8 volts, outputs set low and trigger inhibited. For reset above 2.4 
volts, trigger enabled. 

3. The 558 output structure is open collector which requires a pull up resistor to Vee to 
sink current. The output is normally low sinking current. 

4. The 559 output structure is a darlington emitter follower which requires a pull down 
resistor to ground to source current. The output is normally low and sources current 
only when Switched high. 

SillDotiCS 

SE558/SE559 

Min Typ Max 

4,5 18 
21 32 
9 16 

1,0 3 
150 
0,1 

0,8 1,5 2.4 
5 30 

0,8 1,S 2.4 
50 300 

0,63 
15 

0,1 0,2 
0,7 1,S 

13 13,6 
12,S 13,3 

10 

1,0 
0.4 

100 
100 

NE558/NE559 
SA558/SA559 

UNIT 
Min Typ Max 

4,5 16 V 
27 36 mA 
12 18 mA 

2 % 
150 ppm/oC 
0,1 %N 

0,8 1.5 2.4 V 
5 100 iJ.A 

0,8 1,5 2.4 V 
50 iJ.A 

0,63 xVce 
15 nA 

0,1 0.4 V 
1,0 2,0 V 

12.5 13.3 V 
12,0 13,0 V 

10 nA 

1,0 iJ.s 
0.4 iJ.s 

100 ns 
100 ns 
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VOl TlGE COMPARATOR 

DESCRIPTION 
The LM111 series are voltage comparators 
that have input currents approximately a 
hundred times lower than devices like the 
I'A710. They are designed to operate over a 
wider range of supply voltages; from 
standard ±15V op amp supplies down to 
the single 5V supply used for Ie logic. Their 
output is compatible with RTL, DTL, and 
TTL as well as MOS circuits. Further, they 
can drive lamps or relays, switching volt­
ages up to 50V at currents as high as 50mA. 

Both the inputs and the outputs of the 
LM111 series can be isolated from system 
ground, and the output can drive loads 
referred to ground, the positive supply or 
the negative supply. Offset balancing and 
strobe capability are provided and outputs 
can be wire OR'ed. Although slower than 
the I'A710 (200ns response time vs 40ns) 
the devices are also much less prone to 
spurious oscillations. The LM111 series has 
the same pin configuration as the I'A710 
series. 

The LH2111 series hybrids are 2 LM111 type 
comparators in one hermetic package. They 
feature the same electrical parameters as 
the single devices. 

FEATURES 
• Operates from single SV supply 
• Maximum input bias current: 1S0nA 

(LM311 - 2S0nA) 
• Maximum offset current: 20nA (LM311 -

SOnA) 
• Differential input voltage range: ±30V 
• Power consumption: 13SmW at ±15V 
• High sensitivity-200V/mV 
• Military qualification pending 
• LH2111 offers close thermal tracking 

PIN CONFIGURATIONS 

F,N-14 PACKAGE 

ORDER PART NO. 

BALANCE! 

STAOBE 

LM111 F/LM211F/LM211N-14 
LM311F/LM311N-14 

N PACKAGE 

GNDEl'V' INPUT ~ I OUTPUT 

INPUT 3 6 SAL/STROBE 

v- 4 ~ BALANCE 

ORDER PART NO. 
LM211 N/LM311 N 

EQUIVALENT SCHEMATIC 

Si!lnotics 

I M) I) /1) ) /311 
LR211112211721)) 

LM111/211/311-F,N,N-14,T 
LH2111/2211/2311-F,N,N-14 

T PACKAGE 

v' 

ORDER PART NO. 
LM111T/LM211T/LM311T 

F PACKAGE 

ORDER PART NO. 
LH2111 F/LH2211 F/LH2311 F 

'" '" 

'" "" 

'" . 
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ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Total supply voltage 
Output to negative supply voltage: 

LM111/LM211, LH2111/LH2211 
LM311, LH2311 

Ground to negative supply voltage 
Differential input voltage 
Input voltage1 

Power dissipation2 

Output short circuit duration 
Operating temperature range 

LMlll, LH2111 
LM211, LH2211 
LM311, LH2311 

Storage temperature range 
Lead temperature 
(soldering,10sec) 

DC ELECTRICAL CHARACTERISTICS 1,2,3 

RATING 

36 

50 
40 
30 

±30 
±15 
500 
10 

-55 to +125 
-25 to+S5 
o to +70 

-65 to +150 
300 

UNIT 

V 

V 
V 
V 
V 
V 

mW 
sec 

°C 
°C 
°C 
°C 
°C 

LMll1/211/311-F,N,N-14,T 
LH2111/2211/2311-F,N,N-14 

LMlll/LM211/LH2111/LH2211 LM311/LH2311 
PARAMETER TEST CONDITIONS 

Input offset voltage4 TA = 25°C, Rs::; 50kO 

Input offset current4 TA - 25°C 
Input bias current TA = 25°C 

Voltage gain TA = 25°C 

Response timeS TA = 25°C 
Saturation voltage Y,N ::; -5mV, lOUT = 50mA 

TA=25°C 

Strobe on cu rrent TA = 25°C 
Output leakage current Y,N <:: 5mV, VOUT = 35V 

TA = 25°C, ISTROBE = 3mA 

Input offset voltage4 Rs::; 50kO 

Input offset current4 
Input bias current 

Input voltage range 
Saturation voltage V+<::4.5V, V-=O 

V,N::; -6mV, ISINK::; SmA 
Output leakage current Y,N <:: 5mV, VOUT = 35V 

Positive supply current TA = 25°C 
Negative supply current TA=25°C 

NOTES 
1. This rating applies for ±15V supplies. The positive input voltage limit ;s 30V above the 

negative supply. The negative Input voltage limit is equal to the negative supply 
voltage or 30V below the positive supply, whichever is less. 

2. The maximum junction temperature of the LM311, LH2311 is 110°C. For operating at 
elevated temperatures. devices in the TOw5 package must be derated based on a 
thermal resistance of 150°CIW, junction to ambient, in the N package, a thermal 
resistance of 162°CIW. and °CIW for the Ceramic package. The maximum junction 
temperatureoftheLM111,LH2111 is 1S0·C, whilethatoftheLM211, LH2111 is 110·C. 
For operating at elevated temperatures, devices in the TO-5 package must be derated 
based on a thermal resistance of 150°CIW, junction to ambient. The thermal 
resistance of the Cerdip package is 110°C/W, junction to ambient. 

UNIT 
Min Typ Max Min Typ Max 

0.7 3.0 2.0 7.5 mV 

4.0 10 6.0 50 nA 
60 100 100 250 nA 

200 200 VlmV 

200 200 ns 

0.75 1.5 0.75 .1.5 V 

3.0 3.0 mA 

0.2 10 0.2 50 nA 

4.0 10 mV 

20 70 nA 
150 300 nA 

±14 ±14 V 

0.23 0.4 0.23 0.4 V 
0.1 0.5 p.A 

5.1 6.0 5.1 7.5 mA 
4.1 5.0 4.1 5.0 mA 

3. These specifications apply for Vs = ±15V and O·C < TA < 70·C unless otherwise 
specified. With the LM21 1, LH21 1 I however, all temperature specifications are limited 
to -2S·C $TA$85·C and forthe LM111 and LH211 1 are limited to-55·C<TA<125·C. 
The offset voltage, offset currant and bias current specifications apply for any supply 
voltage from a single 5V supply up to ±ISV supplies. 

4. The offset voltages and offset currents given are the maximum values required to drive 
the output within a volt of either supply with 1 rnA load. Thus, these parameters define 
an error band and take Into account the worst case effects of voltage gain and input 
impedance. 

5. Tha response time specified (see definitions) is for a 100mV input step with 5mV 
overdrive. 
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VUEIAGE COMPARATOR 

TYPICAL APPLICATIONS 

ZERO CROSSING DETECTOR 
DRIVING MOS LOGIC 

INPUT 

DETECTOR FOR MAGNETIC 
TRANSDUCER 

R1 
4.5K 

MAGNETIC 
PICKUP 

R3 
2K 

"",,-,--,--~TTL 
OUTPUT 

TTL INTERFACE WITH HIGH 
LEVEL LOGIC 

R1 
240K 

R3 
82K 

INPUT .'o---'VI."r-...,---,.-+, 

C1 

R5 
1K 

TO TTl 
LOGIC 

"Values shown are for a 0 to 30V logic swing and 
a 15V threshold. 

tMay be added to control speed and reduce 
susceptability to noise spikes. 

SmootlGS 

LMlI1/2]l/31I 
IH2111!221]/23tt= 

LM111/211/311-F,N,N-14,T 
LH2111/2211/2311-F,N,N-14 
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DESCRIPTION 
The LMl19 series are precision high speed 
dual comparators fabricated on a single 
monolithic chip. They are designed to oper­
ate over' a wide range of supply voltages 
down to a single 5V logic supply and 
ground. Further, they have higher gain and 
lower input currents than devices like the 
/LA710. The uncommitted collector of the 
output stage makes the LMl19 compatible 
with RTL, DTL and TTL as well as capable of 
driving lamps and relays at currents up to 
25mA. 

Although designed primarily for applica­
tions requiring operation from digital logic 
supplies, the LMl19 series are fully speci­
fied for power supplies up to ±15V. It fea­
tu res faster response than the LM 111 at the 
expense of higher power dissipation. How­
ever, the high speed, wide operating voltage 
range and low package count make the 
LMl19 much more versatile than older de­
vices like the /LA711. 

The LMl19 is specified from -55°C to 
+125° C, the LM219 is specified from -25° C 
to +85°C, and the LM319 is specified from 
O°C to +70°C. 

EQUIVALENT SCHEMATIC 

R, 3.5k 

R24k 

INPUTS{ 

FEATURES 
• Two independent comparators 
• Operates from a single SV supply 
• Typically 80ns response time at ±lSV 
• Minimum fan-out of 3 (each side) 
• Maximum input current of 1/LA over 

temperature 
• Inputs and outputs can be isolated from 

system ground 
• High common mode slew rate 
• Mil std 883 A, B, C available 

TO OTHER 
HALF 

RS 2k 

C, 
18pF 

Rl0 
170 

R9 18k 

R25 600 R24 250 
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EM 119 219 319 
LMl19/219/319-F,K,N 

PIN CONFIGURATIONS 

F,NPACKAGE 

K PACKAGE 

+'l'1put1 Gnd 2 

r-t--+--_OOUTPUT 

R17 3 

v~ GND 

R,S 
600 



Own ,OElAGE nONIl AIZf\IOR 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Total supply voltage 36 
Output to negative supply voltage 36 
Ground to negative supply voltage 25 
Ground to positive supply voltage 18 
Differential input voltage ±5 
Input voltage1 ±15 
Power dissipation2 500 
Output short circuit duration 10 
Operating temperature range 

LM119 -55 to +125 
LM219 -25 to +85 
LM319 o to +70 

Storage temperature range -65 to +150 
Lead temperature (soldering. 10sec) 300 

NOTES 
1. For supply voltages less than ±15V, the absolute maximum rating is equal to the 

supply voltage. 
2. The absolute maximum junction temperature is 150°C. Device dissipation must be 

derated as follows: 
N/K package-1S0'C/watt above 7S'C 
F package -110°C/watt above 95°C 

[MllO U9 U9 
LM119/219/319-F.K.N 

UNIT 

V 
V 
V 
V 
V 
V 

mW 
s 

°C 
°C 
°C 
°C 
°C 

DC ELECTRICAL CHARACTERISTICS VS = ±15V. for LM119. -55°C:5 TA :51250 C} 
LM219. -25°C :5 TA :5 85°C unless otherwise specified. 
LM319. O°C:5 TA:5 70°C 

LM119/219 LM319 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Vos Input offset voltage1,2 Rs:5 5KO. TA = 25°e 0.7 4.0 2.0 8.0 mV 
Over temp.· 7 10 mV 

los Input offset current1,2 TA=25°e 30 75 80 200 nA 
Over temp. 100 300 nA 

18 Input bias current' TA = 25°C 150 500 250 1000 nA 
Over temp. 1000 1200 nA 

Av Voltage gain TA = 25°C 10 40 8 40 V/mV 

VOL Saturation voltage V'N=5mV, IOUT=25mA. TA=25°C 0.75 1.5 V 
V'N= 10mV.loUT=25mA. TA=25°e 0.75 1.5 V 

V+ 2: 4.5V. V- = 0 
V,N = 6mV. lOUT = 3.2mA 

TA 2: ooe 0.23 0.4 V 
TA :5 ooe 0.6 

V,N = 10mV. lOUT = 3.2mA 0.3 0.4 V 

10H Output leakage current V- = OV, V,N = 5mV 
VOUT = 35V, TA = 25°C 0.2 2 p,A 

Over temp. 1 10 p,A 
V- = OV. V,N = 10mV 

VOUT = 35V. TA = 25°e 0.2 10 p,A 

V,N I nput voltage range Vs = ±15V ±13 ±13 V 
V+ = 5V. V- = OV 1 3 1 3 V 

V'D Differential input voltage ±5 ±5 V 

1+ Positive supply current· V+ = 5V. V- = OV. TA = 25°C 4.3 4.3 mA 
1+ Positive supply current Vs = ±15V. TA = 25°C 8.0 11.5 8.0 12.5 mA 
1- Negative supply current Vs = ±15V, TA = 25°e 3.0 4.5 3.0 5.0 mA 

NOTES 
1. Vos, los and Ie specifications apply for a supply voltage range of Vs =±15Vdown toa 

single SV supply. 
2. The offset voltages and offset currents given are the maximum values required to drive 

the output to within 1 volt of either supply with a 1 mA load. Thus these parameters 
define an error band and take into account the worst case effects of voltage gain and 
input impedance. 
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AC ELECTRICAL CHARACTERISTICS 

LIMITS 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Response time' Vs=±15V, TA=25°C 80 ns 
RL = 500n (see test figure) 

'NOTE 

The response time specified is for a 100mV step with 5mV overdrive. 

TYPICAL PERFORMANCE CHARACTERISTICS 

TRANSFER FUNCTION 

40 

VslO '\5V Y++.= 3~V 
35 RL ::: 1.4Kn 

T A :: 25°C 

I V+)o •. Jv 

I l' 
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3D 
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I 
.- - f-~ .J/ 
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5.0 
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DIFFERENTIAL INPUT VOLTAGE' (V) 

INPUT CHARACTERISTICS 

400 

V;o A5v I 
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"".. for -300 

I I 

I I 
200 

I I 

L 1 
I I 

100 

I I 

I - t--1 ~:~"~~~TD~6Le:AEGN~ r-l-
-'00 
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INPUT OVERDRIVES 
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~ ~ 3.0 
,,0-
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LM119/219/319-F,K,N 

TEST CIRCUIT 

RESPONSE TIME 
MEASUREMENT 

t 5V 

PULSE 
GENERATOR 

RESPONSE TIME FQR VARIOUS 
INPUT OVERDRIVES 

> 
w 

" "' 0-g 

~ 
w 

" "' 0-g 

>" 
E 

~~ 
g~ 

0 
> 

6.0 

5.0 

4.0 

3.0 

2.0 

1.0 

~rl/ 

20mv/ u. .. omv 

I II 
In 2.0mV 

....... ~. 
"'" VSO "5V "'1'" 

RL o 500ri-

~:+= =2:~o;-

I I 
50 100 150 200 250 300 350 

TIME (n$) 

RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES 

6.0 

5.0 

4.0 

3.0 

2.0 

1.0 

100 

50 

I 
r, ~/ 

20mV / 2.0mV 

/1/ 
I ;-- S.OmV 
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50 100 150 200 250 300 350 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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OUTPUT LIMITING 
CHARACTERISTICS 

120 ,-,----r--,----r--,,--, 1.2 

100 f--j~._-t-'--+----+---.,I--i 1.0 

" 
80 f--t-+-~_..:_-+---+----.,I-----:I 0.8 ~ 

" " u; 
60 I--I-+--+--+-~:ot":;"';:::-I----I 0.6 ~ 

~ 
~ 
(5 

40 H~+-:7I"'--+--+--I----I 0.4 z 
~ 

20 1+~4---4--.j--+--I----l 0.2 

12 

10 

;;-
S 8.0 .. 
~ 
a: 6.0 
::J 
0 

~ 4.0 

iil 

so 10 

OUTPUT VOLTAGE IV) 

SUPPLY CURRENT 
(LM119/219) 

POSITIVE SUPPLY, Vs -- ±15V --r-. ---
"::'T'VE SUP"iLV. VIS' 1 5.ovi V S j 0 

1 1 T-

-
-

2.0 
NEGATIVE SUPPLY, Vs:; ±15V 

o 
-55 -35 -15 5.0 25 45 65 85 105 125 

TEMPERATURE (C) 

COMMON MODE LIMITS 
(LM319) 

, v~,~jov.v~_~ol 
- 0.4 :---+:: 

~ -0.8 _ 

~ _1.21-_V-ISI-~_±-t1S_V_+_-tr--_-Ir--===t_-l 

Wo~ -1.61--+-1 ....,11--+--+--+_+---I 
o REFERREO TO SUPPLY VOLTAGES 

~ -2~1'" I I 
~ 1.2 r--+--I-~I---I-'--I-'-'f.-......j 
U 0.: 1--1 Vs ~ t15V. is' "tOY. ]s ~ j -

- I I 
10 20 30 40 50 60 70 

TEMPERATURE ~C) 

263 



TYPICAL APPLICATIONS 

RELAY DRIVER 

5V 28V 

1/ 

30V 

WINDOW DETECTOR 

VOUT = 5V for VL T < VIN < VUT 

VOUT = 0 for VIN < VL Tor V1N > VUT 

264 

WIDE RANGE VARIABLE 
OSCILLATOR 

LM119/219/319-F,K,N 

,------I-----~--!-t,..s 190il+ 

IN914 

1k 

'5V 

7.5M 

3k 500 

J>,~-K1~-...... sauARE WAVE OUTPUT 

1N914 1kHz tQ lMHz, 

+--------+--+---t--".. TRIANGLE WAVE OUTPUT 

5OO

P'1 3. 
1k 

SI!IDOliCS 

IN914 

-5V 

FREQUENCY ADJUST 
MUST BE BUFFERED 
FOR RL S 10n 



QUAn VOETAGE COMPARATOR EMU9 239 339 

DESCRIPTION 
The LM139 series consists of four inde­
pendent preCision voltage comparators 
with an offset voltage specification as low as 
2.0mV max for each comparator which were 
designed specifically to operate from a 
single power supply over a wide range of 
voltages. Operation from split power sup­
plies is also possible and the low power 
supply current drain is independent of the 
magnitude of the power supply voltage. 
These comparators also have a unique 
characteristic in that the input common 
mode voltage range includes ground. even 
though operated from a single power supply 
voltage. 

The LM139 series was designed to directly 
interface with TTL and CMOS. When oper­
ated from both plus and minus power sup­
plies. the LM139 series will directly interface 
with MOS logic where their low power drain 
is a distinct advantage over standard com­
parators. 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER 

Vee supply voltage 
Differential input voltage 
Input voltage 
Power dissipation1 

Molded DIP 
CERDIP 

Output short circuit to ground2 

Input current (VIN < -0.3Vdc)3 
Operating temperature range 

LM139/139A 
LM239/239A 
LM339/339A 
LM2901/MC3302 

Storage temperature range 
Lead temperature (soldering 10 sec.) 

EMBIA 2llA 339A M03302 EM2901 

FEATURES 
• Wide single supply voltage range 2.0Vdc 

to 36Vdc or dual supplies ±1.0Vdc to 
±18Vdc 

• Very low supply current drain (O.8mA) 
independent of supply voltage (1.0mW/­
comparator at 5.0Vdc) 

• low input biasing current 25nA 
• low input offset currrent ±5nA and offset 

voltage ±3mV 
• Input common-mode voltage range in­

eludes ground 
• Differential input voltage range equal to 

the power supply voltage. 
• low output 250m V at 4mA saturation 

voltage 
• Output voltage compatible with TTL, 

DTl, ECl, MOS and CMOS logic sys­
tems. 

APPLICATIONS 
• AID converters 
• Wide range VCO 
• MOS clock generator 
• High voltage logic gate 
• Multivibrators 

RATING UNIT 
36 or ±18 Vdc 

36 Vdc 
-0.3 to +36 Vdc 

570 mW 
900 mW 

Continuous 
50 mA 

-55 to +125 °C 
-25 to +85 °C 
o to +70 °C 

-40 to +85 °C 
-65 to +150 °C 

300 °C 

smootms 

LM139/Al239/A/339/A/2901-F.N • MC3302-N 
PIN CONFIGURATION 

N,F PACKAGE' 

II- MC3302 avail abe in N Package only 

EQUIVALENT CIRCUIT 

(1 Comparator Only) 
v+ 
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LM139/A/239/A1339/A/2901-F,N • MC3302-N 
DC ELECTRICAL CHARACTERISTICS V+ = SVdc, LM139A1LM139: -SSOC:5 TA:5 12S0C unless otherwise specified 

LM239: -25°C:5 TA:5 8SoC unless otherwise specified 
LM339:0°C:5 TA:5 70°C unless otherwise specified 

LM139 LM239/339 LM139A 
PARAMETER TEST CONDITIONS 

Min Typ Mal( Min Typ Malt Min Typ Malt 
UNIT 

Vos Input offset voltageS TA=2SoC ±2.0 ±5.0 ±2.0 ±S.O ±1.0 ±2.0 mV 
Over temp. 9.0 9.0 4.0 

VCM Input common mode voltage TA = 2SoC 0 V+-1.S 0 V+-15 0 V+-1.5 V 
rangel1 Over temp. 0 V+-2.0 0 V+-20 0 V+-2.0 

VIDR Differential input voltage4 Keep all VIN's2 OVdc V+ V+ V+ V 
(or V-if need) 

16 Input bias current? IIN(+) or ilN(-) with 
output in linear range 

TA = 25°C 25 100 25 2S0 25 100 
Over temp. 300 400 300 nA 

los Input offset current IIN(+) - IIN(-) 
TA = 25°C ±3.0 ±25 ±S.O ±50 ±3.0 ±25 nA 
Over temp. ±100 ±15(}: ±100 nA 

IOL Output sink current VIN(-) 2 1Vdc, 6.0 16 6.0 16 6.0 16 mA 
VIN(+) = 0, Va:5 1.5Vdc, 

TA=25°C 

IOH Output leakage current VIN(+) 2 1 Vdc, VIN(-) = 0 
Va = 5Vdc, TA=25°C 0.1 0.1 0.1 nA 

Va = 30Vdc, over temp. 1.0 1.0 1.0 .p.A 

Icc Supply current9 RL = .. on comparators, 
TA=25°C 0.8 2.0 0.8 2.0 0.8 2.0 mA 

Av Voltage gain RL 2 15kn, V+ = 15Vdc 50 200 50 200 50 200 V/mV 

VOL Saturation voltage VIN(-) 2 1Vdc, 
VIN(+) = 0, ISINK :5 4mA 

TA = 25°C 250 400 250 400 250 400 
Over temp. 700 700 700 mV 

TLSR Large signal response time VIN = TTL logic swing, 
VREF = 1.4Vdc, 

VRL = 5Vdc, RL = 5.1 kn, 
TA=25°C 300 300 300 ns 

TR Response timeS VRL = 5Vdc, RL = 5.1 kn, 
TA=25°C 1.3 1.3 1.3 p's 
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QIJAD VOETASE COMPARATOR . Llijli~111l1339 
EM 1394 2394 3394 aCi&ii1 1901 

LM139/A/239/A/339/A/2901-F,N • MC3302-N 
DC ELECTRICAL CHARACTERTISICS (Cont'd) v+ = 5Vdc, LM339A: O°C:5 TA:5 70°C unless otherwise specified 

LM239A: -25°C:5 TA:5 85°C unless otherwise specified 
LM2901/LM3302: -40°C < TA < 85°C unless otherwise specified - -

TEST CONDITIONS 
LM239A1339A LM2901 MC3302 

UNIT PARAMETER 
Min Typ Max Min Typ Max Min Typ Max 

Vos I nput offset voltage5 TA = 25°C ±1.0 ±2.0 ±2.0 ±7.0 ±3.0 ±20 mV 
Over temp. ±4.0 ±9 ±15 ±40 

VCM Input common mode voltage TA = 25°C 0 V+-1.5 0 V+-1.5 V+-1.5 
rangeS Over temp. 0 V+-2.0 0 V+-2.0 V+-2.0 V 

VIDA Differential input voltage4 Keep all VIN·s 2: OVdc V+ V+ V+ V 
(or V-if need) 

Is Input bias current? IIN(+) or IIN(-) with 
output in linear range 

TA = 25°C 25 250 25 250 25 500 
Over temp. 400 200 500 1000 nA 

los Input offset current IIN(+) - IIN(-) 
TA = 25°C ±5.0 ±50 ±5 ±50 ±5 ±100 nA 
Over temp. ±150 ±50 ±200 ±300 nA 

10L Output sink current VIN(-) 2: 1Vdc, mA 
VIN(+) = 0, Va :5 1.5Vdc, 

TA = 25°C 6.0 16 6.0 16 
Va= 800mV, 
Over temp. 2.0 

10H Output leakage current VIN(+) 2: 1Vdc, VIN(-) = 0 
Va = 5Vdc, TA = 25°C 0.1 0.1 0.1 

Va = 30Vdc, nA 
Over temp. 1.0 1.0 1.0 p.A 

Icc Supply current9 RL = ., on comparators, 
V+ = 5Vdc 
TA = 25°C 0.8 2.0 0.8 2.0 0.8 2.0 mA 

V+ = 30V, TA = 25°C 1.0 2.5 

Av Voltage gain RL 2: 15kO, V+ = 15Vdc 50 200 25 100 2 100 VlmV 

VOL Saturation voltage VIN(-) 2: 1Vdc, 
VIN(+) = 0, ISINK:5 4mA 

TA = 25°C 250 400 400 400 mV 
Over temp. 700 400 700 700 

ISINK = 2mA, V+ = 5V 
to 28V, TA = 25°C 150 

TLSA Large signal response time VIN = TTL logic swing, 
VAEF = 1.4Vdc,. 

VAL = 511dc, RL = 5.1 kO, 
TA = 25°C 300 300 300 ns 

TA Response time8 VAL = 5Vdc, RL = 5.1kO, 
TA = 25°C 1.3 1.3 1.3 p's 

GjgOotiCG 267 



NOTES 

1. For operating at high temperatures, the LM339/339A, LM2901 and MC3302 must be 
derated based on a 1250 C maximum junction temperature and a thermal resistance of 
175°C/W which applies for the device soldered in a printed circuit board, operating in 
a stiH air ambient. The LM139/139A1239/239A must be derated on a 150'C maximum 
jun'ction temperature. The low power dissil=/ation and the "On-Off" characteristics of 
the outputs keep the chip dissipation very small (PD'; 100mW), provided the output 
transistors are allowed to saturate. 

2. Short circuits from the output to V+ can CBuse excessive heating and ev~ntual 
destruction. The maximum output current is approximately 20mA independent of the 
magnitude of V+. 

3. This input current will only exist when the vo.ltage at any of the input leads is driven 
negative. It is dueto the collector-base junction afthe input PNPtransistors becoming 
forward biased and thereby acting as input diode clamps. In addition to this diode 
action, there is also lateral f:"PN parasitic transistor action on the Ie chip. This 
transistor action can cause the output voltages of the comparators to go to the V+ 
voltage level (or to ground for a large overdrive) for the time duration that an input is 
driven negative. This is not destructive and normal output states will re-establish when 

TYPICAL APPLICATIONS 

TWO-DECADE HIGH-FREQUENCY VCO 

+vc 
FREQUENCY 

CONTROL 
VOLTAGE 

INPUT 

v+"= +30VDC 
+250mVoc oS Vc :5 +50VDC 
700Hz :5 fo .:$ 100kHz 

v+ 

111111i!8 
LM139/N239/A/339/A/2901-F,N • MC3302-N 

the input vo~tage, which w.as negative, agaIn returns to a value greater than -O.3Vdc. 
4. Positive excursions of input voltage may exceed the power supply level. As long as the 

other voltage remains within the common-mode range, the comparator will provide a 
proper output state. The low iop,ut voltage state must not be less than -o.3Vdc (or 
0.3Vdc below the magnitude of the negative power supply, if used). . 

5. At output switch point, Vo" 1.4Vdc, As = on with V+ from 5Vdc to 30Vdc; and over the 
full input common-mode range (OVdc.ta V+ -1.5Vdc). 

6. The input common-mode voltage or either input sigryal voltage should not be allowed 
to go negati~e by ~or~ than o.av. The upper end of the common-mode voltage range 
·is V+ -1.5V, but either or both inputscan go to 30Vdc without damage. 

7. The direction of the input current is out of the IC due to the PNP input stage. This 
. current is essentially .. c.Qnstant, independent of the state of the output so no loading 
. change exists on the reference or input lines. 

8. The response time' specified is for a 100mV'input step with a 5mV overdrive. For larger 
overdrive signals, aOOns'can be obtained, see typical performance characteristics 
section. 

9. The MC3302 has supply current specified with a voltage range of 5 to 28 volts. 

v+ 

Jl.I" 
OUTPUT 1 

LIMIT COMPARATOR 

v+ (12Voc) 

LAMP 

VISIBLE VOLTAGE INDICATOR TTL TO MOS LOGIC CONVERTER 

+5V OC 
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CRYSTAL CONTROLLED OSCILLATOR 

200k!! 

v+ 

30kl! 
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v+ 
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TYPICAL PERFORMANCE CHARACTERISTICS 
LM139/A/239/A/339/A/2901-F,N • MC3302-N 
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DESCRIPTION 
The LM193 series consists of two independ­
ent precision voltage comparators with an 
offset voltage specification as low as 2.0mV 
max for two comparators which were de­
signed specifically to operate from a single 
power supply over a wide range of voltages. 
Operation from split power supplies is also 
possible and the low power supply current 
drain is independent of the magnitude of the 
power supply voltage: These comparators 
also have a unique characteristic in that the 
input common mode voltage range includes 
ground, even though operated from aSingle 
power supply voltage. 

The LM193 series was designed to directly 
interface with TTL and CMOS. When oper­
ated from both plus and minus power sup­
plies, the LM193 series will directly interface 
with MOS logic where their low power drain 
is a distinct advantage over standard com­
parators. 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER 

Vee supply voltage 
Differential input voltage 
Input voltage 
Power dissipation1 

Molded DIP 
Metal can 

Output short circuit toground2 

Input current (VIN < -0.3Vdc)3 
Operating temperature range 

LM193/193A 
LM293/293A 
LM393/393A 
LM2903 

Storage temperature range 
Lead temperature (soldering 10 sec,) 

270 

FEATURES 
• Wide single supply voltage range 2.0Vdc 

to 36Vdc or dual supplies ±1.0Vdc to 
±18Vdc 

• Very low supply current drain (O.8mA) 
independent 01 supply voltage (2.0mW/­
comparator at 5.0Vdc) 

• low Input biasing current 25nA 
• low Input offset current ±5nA and offset 

voltage ±3mV 
• Input common-mode voltage range in­

cludes ground 
• Differential input voltage range equal to 

the power supply voltage. 
• low output 250mV at 4mA saturation 

voltage 
• Output voltage compatible with TTL. 

DTl. ECl. MOS and CMOS logic sys­
tems. 

APPLICATIONS 
• AID converters 
• Wide range VCO 
• MOS clock generator 
• High voltage logic gate 
• Multivibrators 

RATING UNIT 

36 or ±18 Vdc 
36 Vdc 

-0.3 to +36 Vdc 

570 mW 
900 mW 

Continuous 
50 rnA 

-55 to +125 °C 
-25 to +85 °C 
o to +70 °C 

-40 to +85 °C 
-65 to +150 °C 

300 °C 

Smnotics 

LM193/293/393/193A/293A/393A/2903-N ,T 
PIN CONFIGURATIONS 

N PACKAGE 

OUTPUTA 1 

INVERTING 
INPUT A 

NON·INVERTING 
INPUT A 

T PACKAGE 

INVERTING 2 -
INPUT A 

GND 

7 OUTPUT 8 

INVERTING 
6 INPUT 8 

NON-INVERTING 
INPUT B 

EQUIVALENT CIRCUIT 

(One Comparator Only) 



LM 193/293/393/193A/293N393A/2903-N.T 
DC ELECTRICAL CHARACTERISTICS v+ = SVdc. LM193/193A: -ss·c:::; TA:::; +12S·C unless otherwise specified, 

LM293/293A: -2S·C:::; TA:::; +8S·C unless otherwise specified. 
LM393/393A: O·C:::; TA:::; +70·C unless otherwise specified. 
LM2903: -40·C:::; TA:::; +8S·C unless otherwise specified.7 

LM193A LM293A1393A LM2903 
PARAMETER TEST CONDITIONS UNIT 

MIn Typ Max Min Typ Max Min Typ Max 

Vos Input offset voltageS TA= 2S·C ±1.0 ±2.0 ±1.0 ±2.0 ±2.0 ±7.0 mV 
Over temp. ±4.0 ±4.0 ±9 ±1S 

VCM Input common mode TA = 2S·C 0 V+-1.S 0 V+-1.S 0 !V+-1.S V 
voltage range6.1a Over temp. 0 V+-2.0 0 V+-2.0 0 V+-2.0 

VIDR Differential input Keep ail VIN's ~ OVdc V+ V+ V+ V 
voltage4 (or V-if need) 

Ie Input bias currentS hN(+) or IIN(-) with output in 
linear range 
TA = 2SoC 2S 100 2S 2S0 2S 2S0 
Over temp. 300 400 200 SOO nA 

los Input offset current IIN(+) - hN(-) 
TA = 2SoC ±3.0 ±2S ±S.O ±SO ±S ±SO nA 
Over temp. ±100 ±1S0 ±SO ±200 nA 

10L Output sink current VIN(-) ~ 1Vdc. VIN(+) = O. 
Va:::; 1.SVdc. 
TA = 2SoC 6.0 16 6.0 16 6.0 16 mA 

10H Output leakage VIN(+) ~ Wdc. VIN(-) = 0 
current Va = 30Vdc 

Over temp. 1.0 1.0 1.0 IJ.A 
Va = SVdc. TA = 2SoC 0.1 0.1 0.1 na 

Icc Supply current RL = .. on both comparators. 
TA = 25°C 0.8 1 0.8 1 0.8 1 mA 

V+ = 30V. over temp. 1 2.5 1 2.5 1 2.5 

Av Voltage gain RL ~ 1SkO. V+ = 1SVdc 50 200 50 200 25 100 VlmV 

VOL Saturation voltage VIN(-) ~ Wdc. VIN(+) - O. 
ISINK:::; 4mA 
TA = 25°C 250 400 2S0 400 400 
Over temp. 700 700 400 700 mV 

TLSR Large signal VIN = TTL logic swing. 300 300 300 ns 
response time VREF = 1.4Vdc. 

VRL = SVdc. RL = S.1 kO. 
TA = 25°C 

TR Response time9 VRL = SVdc. RL = 5.1 kO. 1.3 1.3 1.3 IJ.S 
TA = 25°C 
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LM193/293/393/193A/293A/393A/2903-N, T 
DC ELECTRICAL CHARACTERISTICS (Cont'd) v+ = 5Vdc, LM1.93/193A: -55°.C::; TA::; +1.25°C unl.essotherwise specified. 

.' .' 

PARAMETER 

Vas Input offset voltage5 

VCM Input common mode voltage 
range6,1a 

VIDR Differential input voltage4 

Is Input bias currentS 

los Input offset current 

10l Output sink current 

10H Output leakage current 

Icc Supply current 

Av Voltage gain 

Val Saturation voltage 

TlSR Large signal response time 

TR Response time9 

NOTES 

I,.M293/293A: -25°C::; TA::; +85°C unless otherwise specified. 
LM393/393A: DoC::; TA::; +70°C unless otherwise specified. 
LM2903: -40°C::; TA::; +85°C unless otherwise specified.7 

LM193 LM293/393 
TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

TA = 25°C ±2.0 ±5.0 ±2.0 ±5.0 mV 
Over temp. ±9.0 ±9.0 

TA = 25°C 0 V±-1·5 0 V±..,1.5 V 
Over temp. 0 V±;.2.0 0. V±-2.D 

Keep all VIN's ~ DVdc V+ V+ V 
(or V-if need) 

IiN(+) or hN(-) with output in 
linear range 
TA=25°C 25 100. 25 250. 
Over temp. 300. 40.0 nA 

IIN(+) - IIN(-) 
TA = 25°C ±3.0 ±25 ±5.D ±50 nA 
Over temp. ±1DO ±150 nA 

VIN(-) <:: Wdc, VIN(+) = 0, 
Va::; 1.5Vdc, 
TA = 25°C 6.0 16 6.0. 16 mA 

VIN(+) <:: Wdc, VIN(-) '" 0. 
Va = 5Vdc, 
TA =25°C 0.1 0..1 nA 

Va = 30Vdc, over temp. 1.0. 1.0. p.A 

Rl = 00 on both comparators 
TA = 25°C 0..8 1 0..8 1 mA 

V+ = 3DV, over temp. 2.5 2.5 

RL<:: 15KO, V+ = 15Vdc 50. 20.0. 50. 200 V/mV 

VIN(-) <:: 1Vdc, VIN(+) = 0., 
ISINK::; 4mA 
TA = 25°C 250 400 250 40.0 
Over temp. 700 700 mV 

VIN = TTL logic swing, 
VREF = 1.4Vdc, VRl = 5Vdc, 

Rl = 5.1kO, 
TA = 25°C 300 300 ns 

VRL = 5Vdc, 
Rl = 5.1kO, 
TA = 25°C 1.3 1.3 p's 

1. For operating at high temperatures, the LM393/393A and LM2903 must be derated 
based on a 125°C maximum junction temperature and a thermal resistance of 
175"CIW which applies for the device soldered in a printed circuit board, operating in 
a still air ambient. The LM193/193A1293/293A must be derated based on a 150·C 
maximum junction temperature. The low bias dissipation and the "On-Off" 
characteristics of the outputs keeps the chip dissipation very small (Po::5 100mW>, 
provided the output transistors are allowed to saturate. 

other voltage remains within the common-mode range, the comparator will provide a 
proper output state. The low input voltage state must not be less than -O.3Vdc (Vdc 
below the magnitude of the negative power supply, if used). 

5. At output switch point, Vo ::lil1.4Vdc, Rs = on with V+ from 5Vdc to 30Vdc; and overthe 
full input common-mode range (OVdc to V+ -l.SVdcJ. 

6. The input common-mode voltage or either input signal voltage should not be allowed 
to go negative by more than O.3V. The upper end of the common-mode voltage range 
is V+ -1.5V, but either or both inputs can go to 30Vdc without damage. 

2. Short circuits from the output to V+ can cause excessive heating and eventual 
destruction. The maximum output current is approximately 20mA independent of the 
magnitude of V+. 

3. This input current will only exist when the voltage at any of the input leads is driven 
negative. It is due to the collector-base junction afthe input PNP transistors becoming 
forward biased and thereby acting as input diode clamps. In addition to this diode 
action, there is also lateral NPN parasitic transistor action on the IC chip. This 
transistor action can cause the output voltages of the comparators to go to the V+ 
voltage level (or to ground for a large overdrive) for the time duration that an input is 
driven negative. This is not destructive and normal output states will re-establish when 
the input voltage, Which was negative, again returns to a value greater than -O.3Vdc. 

4. Positive excursions of input voltage may exceed the powersupply level. As long as the 

7. With the LM293/293A, a/l temperature specifications are limited to -25°e:5 TA:::; 
+85°C and the LM393/393A, all temperature specifications are limited to ooe:::; TA:::; 
+700 C. The LM2903 is limited to _40· C ,; TA 585· C. 

8. The direction of the input current is out of the IC due to the PNP input stage. This 
current is essentially constant, independent of the state of the output so no loading 
change exists on the reference or input lines. 

9. The response time specified ;s for a 100mV input step with a 5mVoverdrive. For larger 
overdrive signals, 300ns can be obtained, see typical performance characteristics 
section. 

10. For input signals that exceed Vet, only the overdriven comparator is affected. With a 
5V supply, VIN should be limited to 25V max., and a limiting resistor should be used on 
all inputs ~hat might exceed the positive supply. 
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FEATURES 
• 12ns maximum guaranteed propagation 

delay 
• 20J.1A maximum input bias current 
• TTL compatible strobes and outputs 
• Large common mode input voltage 

range 
• Operates from standard supply voltages 
• Military qualifications pending 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
V+ Positive 
V- Negative 

VIDR Differential input voltage 

VIN I n put voltage 
Common mode 
Strobe/gate 

PD Power dissipation 
TA Operating temperature range 
T.stg Storage temperature range 

Lead temperature 
(solder. 60 sec) 

EQUIVALENT SCHEMATIC 

APPLICATIONS 
• MOS memory sense amp 
• A-to-D conversion 
• High speed line receiver 

RATING UNIT 

V 
+7 
-7 

±6 V 

V 
±5 

+5.25 

600 mW 
o to 70 °C 

-65 to +150 °C 
+300 °C 

NE521-F.N 

PIN CONFIGURATION 

F,N PACKAGE 

INPUT lA 1 V+ 

INPUT 18 2 v-

INPUT 2A 

OUTPUT lY 4 

STROBE lG 5 

GROUND 7 8 STROBE 2G 

BLOCK DIAGRAM 

(11 
INPUT lA 

141 
OUTPUT lY e>------i!:....J 

(51 
STROBE 1G ()----' 

OUTPUT 2Y (601 ___ __' 

(81 
'-----0 STROBE 2G 

14o----~--~------~----~~----------~~---~------, 

4 

12O-___ ~---~ 

11 

~o_---L--~------~-------~~-----------4---~-------' 
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DC ELECTRICAL CHARACTERISTICS V+ = +5V, v- = -5V, T A = 0 to 70~C unless otherwise specified 

PARAMETER TEST CONDITIONS 

VOS I nput offset voltage V+ = +4.75V, V- = -4.75V 
At 25°C 
Over temperature range 

ISlAS Input bias current V+ = +5.25V, V- = -5.25V 
At 25°C 

Over temperature range 

lOS Input offset current V+ = +5.25V, V- = -5.25V 
At 25°C 
Over temperature range 

VCM Common mode voltage range V+ = +4.75V, V- = -4.75V 

IIH 
I n put cu rrent V+ = +5.25V, V- = -5.25V 

High VIH = 2.7V 
1 G or 2G strobe 

Gommon strobe S 
IlL Low VIL - 0.5V 

1 G or 2G strobe 
Common strobe S 

Output voltage VI(S) = 2.0V 
V OH High V+ = +4.75V, V- = -4.75V, I LOAD = -1mA 
VOL Low V+ = +5.25V, V- = -5.25V, I LOAD = 20mA 

Supply voltage 
V+ Positive 
V- Negative 

Supply current V+ = 5.25V, V- = -5.25V, T A = 25°C 
ICC+ Positive 
ICC- Negative 

ISC Short circuit output current 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, RL = 2800 CL = 15pF 

PARAMETER FROM 
INPUT 

Input resistance 
Input capacitance 

Large Signal Switching Speed 
Propagation delay 

tpLH(D) Low to high1 Amp 
tpHL(D) High to low1 Amp 
tpLH(S) Low to high2 Strobe 
tPHL(S) High to low2 Strobe 

Maximum operating frequency 

Small Signal Switching Speed 
Propagation delay 

PLH(D) Low to high3 Amp 
PHL(D) High to low3 Amp 

NOTES 
1. Response time measured from OV point of ±100mV p-p 10MHz square wave to the 1.SV point of the 

output 

2. Response time measured from 1.5V point of input to 1.5V point of the output 
3. Response time measured from the start of a 100mV input step with SmV overdrive to the 1.5V point 

of the output 
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TO 
OUTPUT 

Output 
Output 
Output 
Output 

Output 
Output 

LIMITS 

Min Typ 

6 

7.5 

1.0 

±3 

2.7 3.4 

4.75 5.0 
-4.75 -5.0 

27 
-15 

-40 

LIMITS 

Min Typ 

4 
3 

8 
6 

4.5 
3.0 

40 55 

12 
10 

NE521-F,N 

UNI1:S 
Max 

mV 
7.5 
10 

iJA 
20 
40 

iJA 
5 
12 

V 

50 iJA 
...100 iJA 

-2.0 rnA 
-4.0 rnA 

V 

0.5 

V 
5.25 
-5.25 

rnA 
50 

-28 

-100 iJA 

UNIT 
Max 

kO 
pF 

ns 
12 
9 
6 

4.5 
MHz 

ns 
18 
15 



IIiGH SPEEA DUAL DIFFERENTIAL COMPARATOR/SENSE AMP 

TYPICAL PERFORMANCE CHARACTERISTICS 
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RESPONSE TIME FOR VARIOUS 
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FEATURES 
• 15ns maximum guaranteed propagation 

delay 
• 20p.A maximum Input bias current 
• TTL compatible strobes and outputs 
• Open collector output for wire-OR'd ap­

plications 
• Large common mode input voltage range 
• Operates from standard supply voltages 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
V+ Positive 
V- Negative 

VIOR Oi"e~ential input voltage 

VIN Inp.ut voltage 
Common mode 
Strobe/gate 

Po Power dissipation 
TA Operating temperature range 
T stg Storage temperature range 

Lead temperature 
(solder, 60 sec) 

EQUIVALENT SCHEMATIC 

Ii I 

APPLICATIONS 
• MOS memory sense amp 
• A-to-O conversion 
• High speed line receiver 

RATING 

+7 
-7 

±6 

±5 
±5.25 

600 
o to 70 

-65 to +150 
+300 

UNIT 

V 

V 

V 

mW 
°C 
°C 
°C 

PIN CONFIGURATION 

F,N PACKAGE 

BLOCK DIAGRAM 

111 
INPUT lA 

141 
OUTPUT 1Y o----=~ 

STROBE lG 1651 __ .....J 

161 
OUTPUT 2Y 0----.... 

NE522-F,N 

(81 
'-----0 STROBE .. 2G 

14~~---~-~------~-----~----------~-----' 

R" 

13~---~-~-----'~+-~-+--~--1 

12 <>-----!----.., 

11 

v. o-----L---~------------~----------~------------------~----~ 
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DC ELECTRICAL CHARACTERISTICS V+ = +5V, v- = -5V, T A = 0 to 70°C unless otherwise specified 

PARAMETER TEST CONDITIONS 

VOS Input offset voltage V+ = +4.75V, V- = -4.75V 
At 25°C 
Over temperature range 

IBIAS I n put bias cu rrent V+ - +5.25V, V- - -5.25V 
At 25°C 
Over temperature range 

lOS Input offset current V+ = +5.25V, V- = -5.25V 
At 25°C 
Over temperature range 

VCM Common mode voltage range V+ - +4.75V, V- = -4.75V 

Input current V+ = +5.25V, V- = -5.25V 
IIH High VIH = 2.7V 

1 G or 2G strobe 
Common strobe S 

IlL Low VIL = 0.5V 
1G 2G strobe 

Common strobe S 

Output voltage 

VOL Low V+ = +5.25V, V- = -5.25V, VI (S) = 2.0V 

Output current 
10H High I LOAD = 20mA, V CC+ = +4.75, 

VCC- = -4.75V, VOH = 5.25V 

Supply voltage 
V+ Positive 
V- Negative 

Supply current V+ = 5.25V, V- = -5.25V, T A = 25°C 
ICC+ Positive 
ICC- Negative 

AC ELECTRICAL CHARACTERISTICS T A = 25°C, RL = 2800, CL = 15pF 

FROM 
PARAMETER INPUT 

Input resistance 
Input capacitance 

Large Signal Switching Speed 
Propagation delay 

tPLH(D) Low to high' Amp 
tpHL(D) High to low' Amp 

tPLH(S) Low to high2 Strobe 
tpHL(S) High to low2 Strobe 

Maximum operating frequency 

Small Signal Switching Speed 
Propagation delay 

tpLH(D) Low to high3 Amp 
tpHL(D) High to low3 Amp 

NOTES 

1. Response time measured from OV point of ±1 OOmV p-p 1 OM Hz square wave to the 1.5V pOint of the 
output 

2. Response time measured from 1.SV point of input to 1.SV point of the output 
3. Response time measured from the start of a 100mV input step with SmV overdrive to the 1.5Vpointof 

the output 

SmDOliCS 

TO 
OUTPUT 

Output 
Output 
Output 
Output 

Output 
Output 

LIMITS 

Min Typ 

6 

7.5 

1.0 

±3 

4.75 5.0 
-4.75 -5.0 

27 
-15 

LIMITS 

Min Typ 

4 
3 

10 
8 
6 
5 

25 35 

17 
11 

NE522-F,N 

UNIT 
Max 

mV 
7.5 
10 

I.lA 
20 
40 

JJ.A 
5 
12 

V 

50 I.lA 
100 I.lA 

-2.0 mA 
-4.0 mA 

V 
0.5 

I.lA 

250 

V 
5.25 

-5.25 

mA 
50 
-'28 

UNIT 
Max 

kO 
pF 

ns 
15 
12 
10 
8 

MHz 

ns 
25 
17 
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TYPICAL PERFORMANCE CHARACTERISTICS 

RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES 

~ 4 
w 

~ 3 
!:i 
~ 2 
!:; 

5 o 0 

~ 
w 
"100 

~ 
o 50 
> 

~ 0 
~ 

Vs ~ ~5V 
50mV 

fA:: 250C 

100j~h ./9 ~ 
Y/'A ~ 5mV 

/. '/L ZOmV 15mV 

10 15 20 25 
TlME-ns 

PROPAGATION DELAY FOR VARIOUS 
INPUT VOLTAGES 

24 

I ~~~~:VsaUARE WAVE INPUT 
fA:: 250C 

20 

> 
:3 
~ 16 

z 
o 
~ ~ r-... TPD (LH) 

~ 12 

o 
a: .. 

I-

4 
10 

fPO (HL) 

20 30 40 50 60 70 
INPUT VOLTAGE (mVp-p) 

INPUT OFFSET CURRENT vs AMBIENT 
TEMPERATURE 

1. 1 

1,0 

~ 
~ 0.9 
w 
a: 
a: 
:;:) 0.8 

" iU 
~ 0.7 
o 
>-
~ O.S 
~ 

0,5 

-75 

278 

\ 

\ 

\ 
,'\ 

"~. 
'~ ... 

-25 +25 +75 +125 
AMBIENT TEMPERATURE (OC) 

RESPONSE TIME FOR, VARIOUS 
INPUT OVERDRIVES 

~ 
w 

~ 3 

~ 2 
>­::> 
:: 
::> 
o 0 

;; 
.s 
w 
Cl100 

~ o 50 
> 
!:; 0 .. 
~ 

5DrnV 
_10amV.....: 

Vs ='±5V 
TA = 250C 

~~ 5mV 
[j'0mV 

10 15 20 25 
TIME-ns 

PROPAGATION DELAY FOR VARIOUS 
INPUT VOLTAGES 

V=±5V 
18 t~ ~~~o~Q· WAVE -

16 

r.... fPD (LH) 

fPD IHLJ 

100 200 500 1000 2000 
INPUT VOLTAGE fmVp-p) 

s~nDtics 

NE522-F,N 

RESPONSE TIME VI TEMPERATURE 

24 

,. 
.., 1"' .... 

fPD ILHI 1---"";-l- I-"" 

C-r- TPD IHLJ -- 1--

4 

-60 

12 

1 

75 

20 +20 +60 +100 +140 
AMBIENT TEMPERATURE lOCI 

INPUT BIAS CURRENT vs 
AMBIENT TEMPERATURE 

, 

" \ 
1\ 

I'\~ 
1", 

I"'~ 

-25 +25 +75 +125 
AMBIENT TEMPERATURE (OCI 



I I 

DESCRIPTION 
The SE/NE527 is a high speed analog vol­
tage comparator which, in the first time 
mates state-of-the-art Schottky diode tech­
nology with the conventional linear proc­
ess. This allows simultaneous fabrication 
of high speed T2l gates with a precision 
linear amplifier on a single monolithic chip. 
The SE/NE527 is similar in design to the 
Signetics SE/NE529 voltage comparator 
except that it incorporates a "Emitter Fol­
lower" input stage for extremely low input 
currents. This opens the door to a whole 
new range of applications for analog vol­
tage comparators. 

EQUIVALENT SCHEMATIC 

FEATURES 
• 15ns propagation delay 
• Complementary output gates 
• TTL or ECl compatible outputs 
• Wide common mode and differential vOI­

lage range 
• Mil std 883A,B,C available 

APPLICATIONS 
• AID conversion 
• ECl to TTL interface 
• TTL to ECl interface 
• Memory sensing 
• Optical data coupling 

BLOCK DIAGRAM 

QUfPUT a 

SjgDotiCS 

NE,S[527 
NE/SE527-F,K,N 

PIN CONFIGURATIONS 

F,N PACKAGE 

K PACKAGE 

v, . 

STROBE A 

STROBE A V2+ 

1.SK 55(1 
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NElSE527-F,K,N 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Positive supply voltage (V1+) +15 V 
Negative supply voltage (V1-) -15 V 
Gate supply voltage (V2+) +7 V 
Output voltage +15 V 
Differential input voltage ±5 V 
Input common mode voltage ±6 V 
Power dissipation 600 mW 
Operating temperature range 

NE527 o to +70 °C 
SE527 -55 to +125 °C 

Storage temperature range -65 to +150 °C 
Lead temperature (soldering, 60sec) +300 °C 

DC ELECTRICAL CHARACTERISTICS v,+ = 10V, V,- = -10V, V2+ = +5.0V, VIN = OV· 

SE527 NE527 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

INPUT CHARACTERISTICS 
Input offset voltage @ 25°C 4 6 mV 

Over temperature range 6 10 mV 

Input bias current @ 25°C V,+ -10V, V, - -10V 2 2 p.A 
Over temperature range VIN = OV 4 4 p.A 

Input offset current @ 25° C V,+ = 10V, Vr = -10V 0.5 0.75 p.A 
Over temperature range VIN = OV 1 1 p.A 

Input impedance TA = 25°C, f - 1kHz 500 500 kG 
GATE CHARACTERISTICS 

Output voltage 
"1" State V2+ = 4.75V, ISOURCE = -1mA 2.5 3.3 2.7 3.3 V 
"0" State V2+ = 4.75V, ISINK = 10mA 0.5 0.5 V 

Strobe inputs 
"0" Input current V2+ = 5.25V, VSTROBE = 0.5V -2 -2 mA 
"1" Input current @ 25°C V2+ = 5.25V, VSTROBE = 2.7V 50 100 p.A 

Over temperature range V2+ = 5.25V, VSTROBE = 2.7V 200 200 ",A 
"0" Input voltage V2+ = 4.75V 0.8 0.8 V 
"1" Input voltage V2+ = 4.75V 2.0 2.0 V 

Short circuit 
Output current V2+ = 5.25V, Your = OV -18 -70 -18 -70 mA 

POWER SUPPLY REQUIREMENTS 
Supply voltage 

V,+ 5 10 5 10 V 
V,- -6 -10 -6 -10 V 
V2+ 4.5 5 5.5 4.75 5 5.25 V 

Supply current V,+ = 10V, V,- = -10V 
V2+ = 5.25V 

1,+ Over temp. 5 5 mA 
Ir Over temp. 10 10 mA 
12+ Over temp. 20 20 mA 

"NOTE 
Parameters are guaranteed over the temperature range unless otherwise specified. 
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AC ELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Transient response propagation delay time VIN = ±100mV step 
tpLH TA = 25°C 
tpHL 

Delay between output A and B 

Strobe delay time 
ton Turn-on time 
toll Turn-off time 

TYPICAL PERFORMANCE CHARACTERISTICS 
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VOLTAGE COMPARATOR 

APPLICATIONS 
One of the main features of the device is that 
supply voltages (V1+, V1-) need not be 
balanced, as indicated in the following dia­
grams. For proper operation, however, neg­
ative supply (V1-) should always be at least 
six volts more negative than the ground 
terminal (pin 6). Input Common Mode range 
should be limited to values of two volts less 
than the supply voltages (V1+ and VH up to 
a maximum of ±6 volts as supply voltages 
are increased. 

It is alsoimportant to note that Output A is in 
phase with Input A and Output B is in phase 
with Input B. 

TYPICAL APPLICATIONS 

PHOTODIODE DETECTOR 

A-.~~ __ ~+_5V ______ ~ 

'0 
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100~! 100!l 
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DESCRIPTION 
The SElNE529 is a high speed analog volt­
age comparator which, for the first time 
mates state-of-the-art Schottky diode tech­
nology with the conventional linear proc­
ess. This allows simultaneous fabrication of 
high speed T2L gates with a precision linear 
amplifier on a single monolithic Chip. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Positive supply voltage (V1+) 
Negative supply voltage (V1-) 
Gate supply voltage (V2+) 
Output voltage 
Differential input voltage 
Input common mode voltage 
Power dissipation 
Operating temperature range 

NE529 
SE529 

Storage temperature range 
Lead temperature 

(soldering, 60 sec) 

EQUIVALENT SCHEMATIC 

v, 

0, 

0, 

D3t " 

FEATURES 
• 10ns propagation delay 
• Complementary output gatlls 
• TTL or ECl compatible outputs 
• Wide common mode and differential volt­

age range 

APPLICATIONS 
• AID conversion 
• ECl to TTL interface 
• TTL to ECl interface 
• Memory sensing 
• Optical data coupling 
• Mil sid 883A,B,C available 

RATING UNIT 

+15 V 
-15 V 
+7 V 

+15 V 
±5 V 
±6 V 
600 mW 

o to +70 ·C 
-55 to +125 ·C 
-65 to +150 ·C 

+300 ·C 

STROBE·a 

SmootiGS 

NE:SES!! 
NElSE529-F,K,N 

PIN CONFIGURATION 

F,N PACKAGE 

K PACKAGE 

v,· 

OUTPUT B 

BLOCK DIAGRAM 

INPUT B 
OUTPUT 8 
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NElSE529-F,K,N 

DC ELECTRICAL CHARACTERISTICS Vl+ = +10V, V2+ = +5.0V, V,- = -10V, VIN = OV unless otherwise specified. 

SE529 NE529 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

INPUT CHARACTERISTICS 
Input offset voltage @25°C 4 6 mV 

Over temperature range 6 10 mV 

Input bias current @25°C V,+ = 10V, V,- = -10V 5 12 5 20 /lA 
Over temperature range VIN = OV 36 50 /lA 

Input offset current @25°C V,+ = 10V, V,- = -10V 2 3 2 5 /lA 
Over temperature range VIN = OV 9 15 /lA 

Input impedance TA = 25°C, f = 1kHz 10 10 kn 

GATE CHARACTERISTICS 
Output voltage 

"1" state V2+ = 4.75V. Isource = -1mA 2.5 3.3 2.7 3.3 V 
"0" state V2+ = 4.75V, Isink = 10mA 0.5 0.5 V 

Strobe inputs 
"0" input current V2+ = 5.25V, Vstrobe = 0.5V -2 -2 mA 
"1" input cu rrent @25°C V2+ = 5.25V. Vstrobe = 2.7V 50 100 /lA 

Over temperature range V2+ = 5.25V, Vstrobe = 2.7V 200 200 /lA 
"0" input voltage V2+ = 4.75V 0.8 0.8 V 
"1" input voltage V2+ = 4.75V 2.0 2.0 V 

Short circuit 
Output current V2+ = 5.25V, VOUT = OV -18 -70 -18 -70 mA 

POWER SUPPLY REQUIREMENTS 
Supply voltage 

V,+ 5 10 5 10 V 
V,- -6 -10 -6 -10 V 
V2+ 4.5 5 5.5 4.75 5 5.25 V 

Supply current V,+ = 10V, V,- = -10V 
V2+ = 5.25V 

11+ Over temp. 5 5 mA 
11- Over temp. 10 10 mA 
12+ Over temp. 20 20 mA 

AC ELECTRICAL CHARACTERISTICS TA = 25°C 

LIMITS 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Transient response VIN = ±100mV step 
Propagation delay time 

tpLH 12 22 ns 
tpHL 10 20 ns 

Delay between output 2 5 ns 
A and B 

Strobe delay time 
tON turn-on time 6 ns 
tOFF turn-off time 6 ns 

Parameters are guaranteed over the temperature range unless otherwise specified, 
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'OETAGE COMPARATOR 

TYPICAL PERFORMANCE CHARACTERISTICS 

INPUT CURRENTS 
vs TEMPERATURE 

SUPPLY CURRENT 
vs SUPPLY VOLTAGE 
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APPLICATIONS 
One of the mai n featu res of the device is that 
supply voltages (V1+, V1.,) need not be 
balanced, as indicated in the following dia­
grams. For proper operation, however, neg­
ative supply (V1-) should always be at least 
five volts more negative than the ground 
terminal (pin 6>' Input Common Mode range 
should be limited to values of two volts less 
than the supply voltages (V1 + and V1-) up to 
a maximum of ±6 volts as supply voltages 
are increased. 

It is also importantto note that Output A is in 
phase with Input A and Output B is in phase 
with Input B. 

TYPICAL APPLICATIONS 

PHOTODIODE DETECTOR 
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DESCRIPTION 
The ~710 is a High Speed Differential 
Voltage Comparator featuring low offset 
voltage, high sensitivity and a wide input 
voltage range. It is ideally suited for use as a 
pulse height discriminator, an analog com­
parator or a digital line receiver. The output 
structure of the ~710 is compatible with 
DTL, TTL and Uti logic integrated circuits. 

The ~710 is specified for operation over 
the MIL temperature range of -55·C to 
+125·C. The ~710C is specified for opera­
tion over the commercial/industrial tem­
perature range of O·C to +75·C. 

BLOCK DIAGRAM 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Positive supply voltage 
Negative supply voltage 
Peak output current 
Differential input voltage 
I nput voltage 
Internal power dissipation4 

TO-99 
TO-91 

OperatinQ temperature range 
~710 
~710C 

Storage temperature rage 
Lead temperature 

(soldering, 60sec) 

FEATURES 
• Fast response-40ns 
• High sensitlvity-1.7V/mV 
• Low offset voltage temperature 

coefflcient-3.5!'VI ·C 
• High Input voltage range-±5.0V 
• Mil std 883A,B,C available 

EQUIVALENT SCHEMATIC 

RATING UNIT 

+14.0 V 
-7.0 V 
10 mA 

±5.0 V 
±7.0 V 

300 mW 
200 mW 

-55 to +125 ·C 
o to +75 ·C 

-65 to +150 ·C 
300 ·C 

Smnotics 

~710-F/N/N-141T 

PIN CONFIGURATIONS 

F,N-14 PACKAGE 

NON-INVERTING 
INPUT 

INVERTING 
INPUT 

T PACKAGE 

v' 

N PACKAGE 
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,uA 71 O-F fNfN-14fT 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, V+ = 12V, V':'=.6.0V unless otherwise specified. 

PARAMETER TEST CONDITIONS 
, .. 

Input offset voltage3 Rs::; 2000 

Input offset current3 
. Input bias current 

Voltage gain 

Output resistance 
Output sink current aVIN ~ 5mV, VOUT = 0 

Response time2 The following specifications apply for: 
,uA71 0 -55°C::; TA::; +125°C 
,uA710C 0° ::; TA::; +75°C 

Input offset voltage3 Rs::; 2000 

Average temperature coefficient Rs=500, TA=+25°Cto+125°C 
of input offset voltage Rs = 500, TA = +25°C to -55°C 

Rs = 500, TA = O°C to +75°C 

Input offset current3 TA = +125°C 
TA=-55°C 

TA =ooe to +75°C 

Average temperature coefficient TA = +25°C to +125°C 

Input offset current TA = +25°C to -55°C 
TA = +25°C to +75°C 

TA = +25°C to O°C 

Input bias current TA=-55°C 
TA = O°C 

Input common mode voltage V-=-7.0V 
range 

Common mode rejection ratio Rs::; 2000 
Differential input voltage range 
Voltage gain 

Positive output level aVIN ~ 5mV, 0::; 1our::; 5.0mA 
Negative output level aVIN ~ 5mV 

Output sink current TA=+125°C, aVIN~5mA, Vour=O 
TA=-55°C, aVIN~5mV, Vour=O 

TA=0°C!0+75°e, aVIN~5mV, Vour=O 

Positive supply current Vour::; 0 
Negative supply current 

Power consumption 

NOTES 
1. All voltages are referenced to 9 round. 
2. The response time specified is measured with a 100mV input step, and a SmV 

overdrive. 
3. Input Offset Voltage and Input Offset Current are specified for output voltage levels 

of: 

~A710 

I.BV at -55°C 
1.4V a1+25° C 
1.0Vat+125°C 

4. Rating applies for temperatures up to: 
~A710 - +125°C 
~A710C - +75°C 
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~A710C 

1.5VatO°C 
1.4V at +25° C 
1.2V at +75°C 

StgliDtiCS 

Min 

1250 

2.0 

±5.0 

80 
±5.0 
1000 

2.5 
-1.0 

0.5 
1.0 

,uA71 0 ,uA710C 
UNIT 

Typ Max Min Typ Max 

0.6 2.0 1.6 5.0 mV 

0.75 3.0 1.8 5.0 ,uA 
13 20 16 25 ,uA 

1700 1000 1500 

200 200 0 
2.5 1.6 mA 

40 40 ns 

3.0 6.5 

3.5 10 ,uVfoC 
2.7 10 

5 20 

0.25 3.0 ,uA 
1.8 7.0 ,uA 

7.5 ,uA 

5.0 25 nAfoe 

15 75 nAfoe 
15 50 ,uAfoe 
24 100 ,uAfoC 

27 ,45 ,uA 
25 40 ,uA 

±5.0 V 

100 70 98 dB 
±5.0 
.800 

3.2 4.0 2.5 3.2 4.0 V 
-0.5 0 -l.O -0.5 0 V 

1.7 mA 
2.3 mA 

0.5 mA 

5.2 9.0 5.2 9.0 mA 
4.6 7.0 4.6 7.0 mA 

90 150 90 150 mW 



DUAE VOLTAGE CUMPRRRIOR 

DESCRIPTION 
The JlA711 High Speed Dual Voltage Com­
parator features low offset voltage, high 
sensitivity and a wide input voltage range. It 
is ideal for use as a bi-directional limit 
detector in automatic test equipment. 

Due to fast response and strobe control 
capabilitie!! the JlA711 performs well as a 
sense amplifier in core memory systems. 

The JlA711 is specified over the military 
temperature range of -55°C to+125°C. The 
p.A711 C is specified over the commercial I 
industrial temperature range of O°C to 
+75°C. 

FEATURES 
• Fast response-40ns 
• High sensilivlty-1.5V/mV 
• Low offset voltage temperature 

coefficient-5JlV/oC 
• High Input voltage range-±5.0V 
• Mil std 883A,B,C available 

LOGIC DIAGRAM 

INV. INPUT 

NON-INV. INPUT 

INV. INPUT 2 

NON-INV. INPUT 2 

CIRCUIT SCHEMATIC 

.. or. INVERTlNU INPUT ,~-I----" 

OUTPUT 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Positive supply voltage 
Negative supply voltage 
Peak output current 
Differential input voltage 
Internal power dissipation4 

Operating temperature range 
JlA711 
JlA711C 

Storage temperature range 

PIN CONFIGURATION 

F,N PACKAGE 

KPACKAGE 
v' 

RATING 

+14.0 
-7.0 
50 

±5.0 
300 

-55 to +125 
Oto+75 

-65 to +150 
Lead temperature (soldering, 60sec) 300 

SmnotiCs 

,,1711 

JlA711-F,K,N 

UNIT 

V 
V 

mA 
V 

mW 

°C 
°C 
°C 
°C 
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DC ELECTRICAL CHARACTERISTICS TA = 25°C, V+ = 12.0V, V;' = -6.0V unless otherwise specified. 

PARAMETER TEST CONDITIONS 
/-IA711 

Min Typ Max 

Input offset voltage VOUT = +1.4V, Rs $ 2000, VCM = 0 1.0 3.5 
VOUT = +1.4V, Rs $ 2000 1.0 5.0 

I nput offset cu rrent VOUT=+1:4V 0.5 10.0 
Input bias current 25 75 

Voltage gairi 750 1500 

Response time2 40 
Strobe release time 12 

Input common mode voltage range V-=-7.0V ±5.0 
Dif.ferential input voltage range ±5.0 

Output resistance 200 

Positive output level VIN;:::10mV 4.5 5.0 
Loaded positive output level VIN;::: 10mV, 10 = 5mA 2.5 3.5 

Negative output level VIN;::: 10mV -1.0 -0.5 0 
Strobed output level VSTROBE < 0.3V -1.0 0 

Output sink current VIN;::: 10mV, VOUT ;::: 0 0.5 0.8 

Strobe current VSTROBE = 100mV 1.2 2.5 

Positive supply current VOUT$O 8.6 
Negative supply current 3.9 

Power consumption 130 200 

The following specifications apply over the temperature range of: -55°C $TA$+125°C forthe /-IA711 

Input offset voltage3 Rs $ 2000, VCM = 0 
Rs < 2000 

Input offset current3 
Input bias current 
Temperature coefficient of input 
Offset voltage 

Voltage gain 

NOTES 
1. All voltages are referenced to pin 1. 
2. The response time specified is for a 100mV input step, with a 5mV overdrive. 
3. The input offset voltage and input offset currant are specified for a logic threshold 

voltage of: 
~A711 

1 .BV at _55' C 
1.4Vat+25'C 

!,A711C 
1,5VatO'C 
1AVat+25'C 

1.0Vat+125'C 1,2Vat+75'C 
4. Rating applies for temperatures up to: pA711 - +125°C 

!,A7t1C - +75'C 

O°C $ TA $+75°C for the /-IA711C 

4.5 
6.0 
20 
150 

5.0 

500 
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Min 

700 

±5 .. 0 
±5.0 

2.5 

-1.0 
-1.0 

0.5 

500 

/-IA711-F,K,N 

/-IA711C 
UNIT 

Typ Max 

1.0 5.0 mV 
1.0 7.5 mV 

0.5 15.0 /-IA 
25 100 /-IA 

1500 

40 ns 
12 ns 

V 
V 

200 0 

4.5 5.0 V 
3.5 

-0.5 0 V 
0 V 

0.8 mA 

1.2 2.5 mA 

8.6 mA 
3.9 mA 

130 230 mW 

6.0 mV 
10.0 mV 
25 /-IA 
150 /-IA 

5.0 /-IV/oC 
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DESCRIPTION 
The 55325 and 75325.are monoUthic Inte-
grated circuit memory drivers 'with logic 
inputs and are designed for uSe with mag­
netic memories, 

The de~ices contain two 600~milliampere 
source-switch pairs and two 600-
milliampere sink-switch pairs. Source se­
lection is determined by one of two logic 
inputs, and source turn-on is determined by 
the source strobe. Likewise, sink selection 
is determined by one of two logic inputs, 
and sink turn-on is determined by the sink 
strobe. This arrangement allows selection 
of one of the four switches and its subse­
quent turn-on with minimum time skew of 
the output current rise. 

The 55325 is characterized for operation 
over the full military temperature range of 
-55° C to 125° C; the 75325 is characterized 

BLOCK DIAGRAM 

QUTPUTW 

INPUT A 

STROBE f 
~! Q-------. 

INPUT C 

OUTPUT Y 

GNOQ---...J 

OUTPUT X 

INPUT B 

INPUT D 

OUTPUT Z 

PIN CONFIGURATION 

SOURCE 
COLLECTORS 

F,N PACKAGE 

OUTPUT W 2 

INPUT A 3 

) 5, 4 
STROBES ~S2 

INPUT 

OUTPUT 

ORDER PART NO. 
55325F 
75325F 
75325N 

55/75325-F,N 

OUTPUT X 

INPUT B 

NODE A 

for operation from O°C to 70°C. TRUTH TABLE 

When Rin! and node R are connected to­
gether, the amount of base drive available 
for the source-1 or source-2 output transis­
tor is set internally by a 575-ohm resistor. 
This method provides adequate base drive 
for source currents up to 375mA with a VCC2 

voltage of 15 volts or 600mA with a VCC2 

voltage of 24 volts. 

When source currents greater than 375mA 
are required, it is recommended that a resis­
tor of the appropriate value be connected 
between VCC2 and node Rand Rin! must 
remain open. By using this method the 
source base current may usually be regulat­
ed within ±5%. An advantage of this method 
of setting the base drive is that the power 
dissipated by this resistor is external to the 
package and allows the integrated circuitto 
operate at higher source currents for a given 
junction temperature. 

Each sink-output collector has an internal 
pull-up resistor in parallel with a clamping 
diode connected to VCC2. This arrangement 
provides protection from voltage surges 
associated with switching inductive loads. 

FEATURES 
• 600mA output capability 
• Fast switching times 
• Output short-circuit protection 
• Dual sink and dual source outputs 
• Minimum time skew between address 

and output current rise 
• 24 volt output capability 
• Source base drive externally adjustable 
• TTL or DTL compatibility 
• Input clamping diodes 
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ADDRESS STROBE 
OUTPUTS 

INPUTS INPUTS 

SOURCE SINK SOURCE SINK SOURCE SINK 
A B C D S1 S2 W X Y 

L H X X L H ON OFF OFF 
H L X X L H OFF ON OFF 
X X L H H L OFF OFF ON 
X X H L H L OFF OFF OFF 
X X X X H H OFF OFF OFF 
H H H H X X OFF OFF OFF 

NOTE 

Not more than one output is to be on at anyone time. 

H = high level, L = low level, X = irrelevant 

ABSOLUTE MAXIMUM RATINGS 

RATING 
PARAMETER 

55325 75325 

Supply voltage VCC11 7 7 
Suppy voltage VCC22 25 25 
Input voltage (any address or strobe input) 5.5 5.5 
Continuous total dissipation at (or below) 

100°C case temperature2 1 1 
Operating free-air temperature range -55 to +125 o to +70 
Storage temperature range -65 to +150 -65 to +150 
Lead temperature 1/16 inch from case 300 300 

for 60 seconds F package 
Lead temperature 1116 inch from case 260 260 

for 10 seconds N package 

NOTES 

1. Voltage values are with respect to network ground terminal 
2. For operation above 10QoC case temperature, refer to Dissipation Derating Curve, 

Figure 8. For dissipation ratings in free-air, see Figure 9. 

SjgDotiCS 
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OFF 
OFF 
OFF 
ON 
OFF 
OFF 
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°C 
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55/75325-F,N 

EQUIVALENT SCHEMATIC 

ADDRESS D VCC1 STROBE 52 ADDRESS C VCC1 ADDRESS B YCC1 STROBE 61 ADDRESS A 

NODE R SOURCE OUTPUT W R INT Y CC2 
COLLECTORS 

NOTE 

All resistors values are typical and in ohms. 
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DC ELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise specified. 

55325 
PARAMETER TEST CONDITIONS 

Min Typ Max 

VIH High-level input voltage 2 

VIL Low-level input voltage 0.8 

VI Input clamp voltage VCCI - 4.5V, VCC2 - 24V, 
-1.3 -1.7 

II = -10mA, TA = 25°C 

I (off) Source-COllectors terminal VCCI = 4.5V, Full range3 500 
off-state current VCC2 = 24V TA = 25°C 3 150 

VOH High-level sink output voltage 
VCCI = 4.5V, VCC2 = 24V, 

19 23 
10=0 

Vcel - 4.5V, 
VCC2 = 15V, FuJI range3 0.9 

Source outputs RL = 240, 
I(source) ~ -600mA4 TA = 25°C 0.43 0.7 

V(sat) Saturation voltage2 
VCCI = 4.5V, 
VCC2 = 15V, Full range3 0.9 

Sink outputs RL = 240, 
I(sink) ~ 600mA4 TA = 25°C 0.43 0.7 

II Input current at Address inputs VCCI = 5.5V, VCC2 = 24V, 1 
max input voltage Strobe inputs VI = 5,5V 2 

hH High-level input Address inputs VCCI =5.5V, VCC2 =24V, 3 40 
current Strobe in puts VI =2.4V 6 80 

IlL Low-level input Address inputs VCCI = 5.5V, VCC2 = 24V, -1 -1.6 
current Strobe inputs VI = 0.4V -2 -3.2 

ICC(oll) Supply current, all From VCCI -VCCI = 5.5V, VCC2 = 24V, 14 22 
sources & sinks off From VCC2 TA = 25°C 7.5 20 

ICCI Supply currentfrom VCC1, VCCI = 5.5V, VCC2 = 24V, 
55 70 either sink on I(sink) = 50mA, TA = 25°C 

ICC2 Supply current from VCC2, VCCI = 5.5V, VCC2 = 24V, 
32 50 either source on I(source) = -50mA, TA = 25°C4 

NOTES 

1. Over rated operating free-air temperature range, unless otherwise specified. 
2. Not more than one output is to be on at anyone time. 
3. Full range for 55325 is -55·C to +125·C and for 75325 is O·C to +70·C. 
4. These parameters must be measured using pulse techniques, tw = 200ps, duty cycle::;; 

2%. 

AC ELECTRICAL CHARACTERISTICS VCCI = 5V, TA = 25°C unless otherwise specified. 

PARAMETER" TO (OUTPUT) 

tpLH 
Source collectors 

tPHL 

tTLH Source outputs 
tTHL 

tPLH Sink outputs 
tPHL 

tTLH Sink outputs 
tTHL 

ts Sink outputs 

NOTE 

'tPLH = propagation delay time. low-to-high-Ievel output 
tPHL = propagation delay time, high-to-Iow-Ievel output 
tTLH = transition time, low-to-high-Ievel output 
tTHL = transition time, high-to-Iow-Ievel output 
ts = storage time 
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TEST TEST CONDITIONS 
FIGURE 

1 VCC2 = 15V, RL = 240 
CL = 25pF 

2 VCC2 = 20V, RL = 1kO 
CL = 25pF 

1 VCC2 = 15V, RL = 240 
CL = 25pF 

2 VCC2 = 15V, RL = 240 
CL = 25pF 

1 VCC2 = 15V, RL = 240, 
CL = 25pF 

smootiCS . 

55/75325-F,N 

75325 
UNIT 

Min Typ Max 

2 V 
0.8 V 

-1.3 -1.7 V 

200 
p.A 

3 200 

19 23 V 

0.9 

0.43 0.7q 
V 

0.9 

0.43 0.75 

1 
2 mA 

3 40 
6 80 p.A 

-1 -1.6 
-2 -3.2 mA 

14 22 
7.5 20 mA 

55 70 mA 

32 50 mA 

LIMITS 
UNIT 

Min Typ Max 

25 50 ns 
25 50 

55 .ns 
7 

20 45 ns 
20 45 

7 15 ns 
9 20 

15 30 ns 



TYPICAL PERFORMANCE CHARACTERISTICS 

INPUT 

NOTES 

350 

TEST CIRCUIT 

'5V 

OPEN 

, , , 

RL- 24 Rl 24 Rl 24 

CL 
2SpF 

(SEE NOTE 2) 

V' /'"---'1-+-~-<>---+-oOUTPUT y , 
CL 25pF z, 

"t--""'-+--+--.---'-"""OUTPUT Z 

I 

L _VCC, _____ G~J 25pF 

5V 

All resistors values are typical and in ohms. 
1. The pulse generator has the following characteristics: 

ZOUT = son, duty cyc)e:5 1%. 
2. Cl includes probe and jig capacitance. 

TEST TABLE 

PARAMETER OUTPUT UNDER TEST INPUT CONNECT TO SV 

tpLH and tPHL Source collectors A and S1 B,C,D and S2 
Band S1 A,C,D and S2 

tPLH, tpHL. Sink output Y C and S2 A,B,D and S1 
tTLH, tTHL, 

and ts Sink output Z o and S2 A,B,C and S1 

VOLTAGE WAVEFORMS 

~ 10ns ~ 10ns 

~---------------3V 

INPUT 

10% 10% 

1------200n5----+_1 

1~-----J~;'p~H~L ___ . VOH 
90% 90% 

OUTPUT 

ITHl tTLH 

FIGURE 1 SWITCHING TIMES 

Si!lDotiCS 

55/75325-F,N 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

296 

NOTES 

20V 

350 OPEN 

R j Rin.tc2SoURCEl -~COLlECTORS 
. • I 

..... t--~w+I-+---1r--...... -----OOUTPUT w 

5V 

RL 1K 

..... --9--f=F="I---.----"t--oOUTPUT X 
I 
I 
1 

yl 

AL 1K 

All resistors values are typical and in ohms. 
1. The pulse generator has the following characteristics. 

ZOUT = 50n, duty cycle,; 1%. 
2. Cl includes probe and jig capacitance. 

TEST TABLE 

PARAMETER OUTPUT UNDER TEST INPUT CONNECT TO 5V 

tTLH and tTHl Source output W A and S1 8,C,D and S2 
Source output X 8 and S1 A,B,D and S2 

VOLTAGE WAVEFORMS 

~ 10ns ~ 10ns 

1,..------ 'v 
90% 

INPUT 

1-----200n8---'---_1 

1r:9::::0"~'" ---------::'90:::""-l - - - - - - VOH 

OUTPUT 

10% 
I"----VOL 

I--~I_- 'THL 

FIGURE 2 TRANSITION TIMES OF SOURCE OUTPUTS 

9i!1DOliCS 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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DESCRIPTION 
The 75S207 i.s a high speed dual sense 
amplifier that is functionally equivalent and 
pin compatible t6 the SN75207, The im­
proved input sensitivity of ±10mV makes it 
suitable as a MOS memory sense amplifier 
which can re!lult in faster memory cycles. 
The 75S207 features less than 17ns propa­
gation delay without sacrificing input per­
formance characteristics. This is accom­
plished through the utilization of Schottky 
technology. 

The 75S207 also features STTL compatible 
output levels with a minimum sink/source 
capability of 10 Schottky gate loads. 

EQUIVALENT SCHEMATIC 

FEATURES 
• Functionally equivalent and pin compati­

ble to SN75207 
• 17ns maximum guaranteed propagation 

delay 
• 20!-,A maximum input bias current 
• STTL compatible strobes and outputs 
• Large common mode Input voltage range 
• Operates from standard supply voltages 

APPLICATIONS 
• MOS memories sense amp 
• AID conversion 
• High speed line receiver 

PIN CONFIGURATION 

F,N PACKAGE 

75S207-F,N 

v+ 

v-

INPUT 
2. 

INPUT 
2. 

NC 

OUTPUT 
2. 

STROBE 
2G 

14~~------1---~------------~----------~--------------------~--------~------------t--------, 

13~------~--~--------~r-+-~~----~----~ 

12 0--------1-------..., 

11 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER RATING UNIT 

Positive supply voltage (V+) +7 V 
Negative supply voltage (V-) -7 V 
Differential input voltage ±6 V 
Common mode input voltage ±5 V 
Strobe/gate input voltage +5.5 V 
Power dissipation 600 mW 
Operating temperature rnage o to 70 °C 
Storage temperature range -65 to +150 °C 
Lead temperature (soldering 60sec) +300 °C .. 
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DC ELECTRICAL CHARACTERISTICS V+ = +5.00, V- = -5.00, TA = 0 to 70°C unless otherwise specified. 

PARAMETER TEST CONDITIONS 

AMPLIFIER INPUT 
Input offset voltage V+ - 4.75, V- - -4.75 

Input bias current @ 25°C V+ = 5.25, V- = -5.25 
over temp. range V+ = 5.25, V- = -5.25 

Input offset current @ 25°C V+ = 5.25, V- = -5.25 
over temp. range V+ = 5.25, V- = -5.25 

Input common mode voltage range V+ = 4.75, V- = -4.75 
Input resistance 
Input capacitance 

Voltage gain 

SCHOTTKY GATE/OUTPUT 

IIH High level input current V+ = 5.25, V- = -5.25 
into 1 G or 2G strobe VIH = 2.7V 

VIH = 5.5V 

hH High level input current V+ = 5.25, V- = -5.25 
into common strobe S VIH = 2.7V 

VIH = 5.5V 

IlL Low level input current V+ = 5.25, V- = -5.25 
into lG or 2G VIL = 0.5V 

IlL Low level input current V+ = 5.25, V- = -5.25 
into common strobe S VIL = 0.5V 

VOH High level output voltage V+ = 4.75, VI(S) = 2.0V 
V- = -4.75 

ILOAD = -lmA 

VOL Low level output voltage V+ = 4.75, V- = -4.75 
ILOAD = 20mA 

VI(S) = 2.0V 
POWER SUPPLY REQUIREMENTS 

Supply voltage 
V+ 
V-

Icc+ Supply current V+ = 5.25V 
Icc- V- = -5.25V 

TA = 25°C 

los Short circuit V+ = 5.25 
output current V- = -5.25 

LARGE SIGNAL SWITCHING SPEED 
TpLH(D) Low to high propagation delay RL = 2800 CL = 15pF 

from amp inputs to output1 TA = 25°C 
TpHl(D) High to low propagation delay RL = 2800 CL = 15pF 

from amp inputs to output1 TA = 25°C 
TpLH(S) Low to high propagation delay RL = 2800 CL = 15pF 

from strobes input to output2 TA = 25°C 

TpHl(S) High to low propagation delay RL = 2800 CL = 15pF 
strobe input to output2 TA=25°C 

Maximum operating frequency RL = 2800 CL = 15pF 
TA=25°C 

NOTES 

1. Response time measured from OV point of ±1QOmV P-P 10MHz square wave to the 1.5 
point of the output. 

2. Response time measured from 1.5V point of input to 1.5V point of the output. 
3. Response time measured from the start of a 100mV input step with 5mV overdrive to 

the 1 .5V point of the output. 

Si!lDotiCS 

75S207 

Min Typ Max 

10 
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12 
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5 
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1 
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2 
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0.5 
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20 30 
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40 55 
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UNIT 

mV 

p.A 
p.A 

p.A 
p.A 

V 
kO 
pF 

VlmV 

p.A 
mA 

p.A 
mA 

mA 

mA 

V 

V 

V 
V 
mA 
mA 

mA 

ns 

ns 

ns 

ns 
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DESCRIPTION 
The 75S208 is a high speed dual sense 
amplifier that is functionally equivalent and 
pin compatible to the SN75208. The im­
proved input sensitivity of ±10mV makes it 
suitable as a MOS memory sense amplifier 
which can result in faster memory cycles. 

The 75S208 features less than 17ns propa­
gation delay without sacrificing input 
performance characteristics. This is ac­
complished through the utilization of 
Schottky technology. It also features STTL 
compatible output levels with an open col­
lector configuration for wired-AND logic 
applications. 

EQUIVALENT SCHEMATIC 

FEATURES 
• Functionally equivalent and pin compati­

ble to 75208 
• 17ns maximum guaranteed propagation 

delay 
• 20!,A maximum input bias current 
• STTL compatible strobes and outputs 
• Open collector outputs 
• Large common mode input voltage range 
• Operates from standard supply voltages 

APPLICATIONS 
• MOS memories sense amp 
• A/D conversion 
• High speed line receiver 

PIN CONFIGURATION 

INPUT 
lA 

INPUT ,. 

OUTPUT 
lY 

STROBE 
lG 

STROBE 
S 

F,N PACKAGE 

75H"1I8 

75S208-F,N 

v' 

INPUT 
2A 

INPUT 
2. 

NC 

OUTPUT 
2Y 

STROBE 
2G 

14~~------~--~~----------~----------~--------------------~r-------~~--------------------' 

R21 

R22 

13·~------~--~--~----~~+-~-4----~----4 

12o-------+-------~ 036 

11 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Positive supply voltage (V+) +7 V 
Negative supply voltage (V-) -7 V 
Differential input voltage ±6 V 
Common mode input voltage ±5 V 
Strobe/gate input voltage +5.5 V 
Power dissipation 600 mW 
Operating temperature range o to+ 70 °C 
Storage temperature range -65 to +150 °C 
Lead temperature (soldering 60sec) +300 °C 

Si,gnotics 301 



DC ELECTRICAL CHARACTERISTICS V+ = +5.00, V- = -5.00, TA = 0 to 70"C unless otherwise specified. 

PARAMETER TEST CONDITIONS 

AMPLIFIER INPUT 
Input offset voltage V+ = 4.75, V- = -4.75 

Input bias current@ 25°C V+ = 5.25, V- = -5.25 
over temp. range V+ = 5.25, V- = -5.25 

Input offset current @ 25°C V+ = 5.25, V- = -5.25 
over temp. range V+ = 5.25, V- = -5.25 

Input common mode voltage range V+ = 4.75,"V- = ~4.75 
Input resistance 
Input capacitance 

Voltage gain 

SCHOTTKY GATE/OUTPUT CHARACTERISTICS 

IIH High level input current V+ = 5.25, V- = -5.25 
into 1G or 2G strobe VIH = 2.7V 

VIH =5.5V 

IiH High level input current V+ = 5.25, V- = -5.25 
into common strobe S VIH = 2.7V 

VIH = 5.5V 

IlL Low level input current V+ = 5.25, V- =-5.25 
into 1G or 2G VIL = 0.5V 

IlL Low level input current V+ = 5.25, V- = -5.25 
into common strobe S VIL = 0.5V 

VOL Low level output voltage V+ = 4.75, VI(S) = 2.0V 
V- = -4.75 

ILOAD = 20mA 

IOH High level output voltage Vcc+ = 5.25 V 
Vcc- = -5.25V 
VOH = 5.25V 

POWER SUPPLY REQUIREMENTS 

Supply Voltage 
V+ 
V-

Icc+ Supply current V+ = 5.25V 
Icc- V- = -5.25V 

TA = 25°C 

LARGE SIGNAL SWITCHING SPEED 

TpLH(Dl Low to high propagation delay RL = 2800 CL = 15pF 
from amp inputs to output1 TA = 25°C 

TpHUD) High to low propagation delay RL = 2800 CL = 15pF 
from amp inputs to output1 TA = 25°C 

TpLH(S) Low to high propagation delay RL = 2800 CL = 15pF 
from strobes input to output2 TA = 25°C 

TpHUS) High to low propagation delay RL = 2800 CL = 15pF 
strobe input to output2 TA = 25°C 

Maximum operating frequency RL = 2800 CL = 15pF 
TA = 25°C 

NOTES 

1. Response time measured from OV point of ±1 OOMHl square wave to the 1.5 point of the 
output. 

2. Response time measured from 1.5V point of input to 1.5V point of the output. 
3. Response time measured from the start of a 100mV input step with SmV overdrive to 

the 1.5V point of the output. 
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755208 

Min Typ Max 

10 

7.5 20 
40 

1.0 5 
12 

±3 
4 
3 6 

5 

50 
1 

100 
2 

-2.0 

-4.0 

0.5 

250 

·4.75 5.00 5.25 
-4.75 -5.00 -5.25 

20 30 
-11 -15 

12 17 

9 13 

6 10 

5 8 

25 35 

75S208-F,N 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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DESCRIPTION 
The 7520 series of dual channel sense am­
plifiers are designed for usewith hi'gh speed 
core memory 'systems. These sense am plifi­
ers detect low level bipolar differential sig­
nals from the memory and provide the inter­
face circuitry between the memory element 
and the logic system. The device outputs 
are compatible with TTL and DTL logic. 

The 7520 circuit may be used to perform the 
functions of a flip-flop or register. which 
responds to the sense and strobe input con­
ditions. 

The 7522 circuit has a high fancout, single­
ended, open-collector output. In addition, it 
may be used to expand the input capability 
to a 7520 device, or to perform the wired­
AND function. 

The 7524 circuit provides for independent 
dual-channel sensing with separate out­
puts. The 75234 is similar to the 7524, but 
has an inverted output function, The 75232 
is an open-collector version of the 75234, 
The 7528 circuit is identical in function to 
the 7524, but has the output of each pre­
amplifier stage brought out to test points. 

FEATURES 
• High speed-25ns propagation delay 
• Adjustable input threshold ,levels 
• ±4mV threshold uncertainty 
• Wide choice of output functions 
• High dc noise margin 
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PIN CONFIGURATIONS 

F,N PACKAGE' 

7520' 

F,N PACKAGE 
7524 

F,N PACKAGE 
75232 

STROBE A 

GATEQ 

OUTPUT a 

·OUTPUT Q 

GATE 0 

Vee -

STROBE A 

OUTPUT A 

GND 2 

OUTPUT 8 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

VCC+ Supply voltage 
Vcc- Supply voltage 
VIO Differential input voltage 
VIN Input voltage 
VOUT Off-state voltage applied to 

open-collector outputs 
TA Operating temperature range 
Tstg Storage temperature range 
Po Power dissipation 

Si!lDotiCS 

7520/22/24/28/2321234 

F;N PACKAGE 
7522 

F,N PACKAGE 
7528 

F,N PACKAGE 
75234 

RATING 

7 
-7 
±5 
5.5 
5.5 

o to +70 
-55 to +150 

500 

STROBE A 

GATE Y . 

GND 2 

OUTPUT Y 

UNIT 

V 
V 
V 
V 
V 

DC 
DC 

mW 



BLOCK DIAGRAMS 

7520 

,NPUTS {
A, 

A, JCM---~OUTPUT a 
STROBE A 0-------1 

INPUTS{B, 
B, 

STROBE 8 v-----..-l 

GATEQ~::::::::::::::::::~ GATEQO 

7522 

{
A, 

INPUTS 
A, 

OUTPuro 

STROBE A 0-------1 OUTPUTY 

INPUTS { B, 

B, 

STROBE B 0------1 
GATEYo---------~ 

7524 

{A'~ INPUTS 
Az OUTPUT A 

STROBE A 

{B'~ INPUTS 
Ba OUTPUT B 

STROBE B 

GjgDotiCG 

7520/22124/28/232/234 

75232 

{A'~ INPUTS 
Az OUTPUT A 

STROBE A 

{.~ INPUTS 
B, ~OUTPUTB 

STROBE B 

75234 

{A'~ INPUTS 
Az OUTPUT A 

STROBE A 

{B'~ INPUTS 
8a OUTPUT a 

STROBE B 

7528 

{.~-INPUTS A, OUTPUT A 

STROBE A 

{B,~TPB ,NPUTS 
B, OUTPUT B 

STROBE B 
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EQUIVALENT SCHEMATICS 

Al 
INPUT 

A. 
INPUT 

+REF 

., 
INPUT 

.2 
INPUT 

16 

7520 

A STROBE 

VCC-~------~~----------------------------------------__ -+ ______ ~Jy~-J 

A11NPUT 

A21NPUT 

-REF 

+REF 

81 INPUT 

82 INPUT 

16 

GND1 CEXT 
9 

7522 

" A STROBE 

VCC- ~-------+----------------------------------------~------~~~ 
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,. 
a GATE 

STROBE B 
11 

'CLAMP DIODE 

GATE Q 
10 

2. 

RL OUTPUT 



EQUIVALENT SCHEMATICS (Cont'd) 

7524 

GND' 
9 

7528 

9~nDtiC9 

eEXT 
• 

7520/22/24/28/232/234 
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EQUIVALENT SCHEMATICS (Cont'd) 

D3 
+R 

-R 

A' 

A2 
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7520/22/24/28/232/234 

DC ELECTRICAL CHARACTERISTICS TA = 0 t070·C, VCC+ = 5V, VCC-= -5V unless otherwise specified. 

PARAMETER TEST CONDITIONS 
LIMITS 

UNIT 
Min Typ Max 

Vr Differential input Vrel = 15mV 11 15 19 mV 
threshold voltage Vrel= 40mV 36 40 44 mV 

VICF Common-mode input Vrel = 40mV, VI(S) = VIH ±2.5 V 
firing voltage tr :0; 15ns, tl :0; 15ns, tw = 50ns 

18 Differential input bias current . Vcc+ = 5.25V, Vcc- = -5.25V 30 75 p.A 
VIO = 0 

los Differential input offset Vcc+ = 5.25V, Vcc- = -5.25V 0.5 p.A 

current VIO= 0 

VIH High level input voltage 2 V 
VIL Low level input voltage 0.8 V 

VOH High level output voltage Vcc+ = 4.75V, Vcc- = -4.75V 2.4 4 V 
10H = -400p.A, NOT 75232 

VOL Low level output voltage Vcc+ = 4.75V, Vcc- = -4.75V 0.25 0.4 V 
10l = 16mA 

10H High level output current Vcc+ = 4.75V, Vcc- = -4.75V 250 p.A 
VOH = 5.25V, 75232 ONLY 

IiH High level input current Vcc+ = 5.25V, Vcc- = -5.25V 40 p.A 
VIH = 2.4V 

IlL Low level input current Vcc+ = 5.25V, VCC- = -5.25V -1.0 -1.6 mA 
VIL = 0.4V 

los Short-circuit output current Vcc+ = 5.25V, Vcc- = -5.25V -2.1 -3.5 mA 
NOT a output (pin 13) on 7520 

los Short-circuit output current Vcc+ = 5.25V, Vcc-= -5.25V -3 -5 mA 
a output (pin 13) ONLY on 7520 

Icc+ Supply current from Vcc+ Vcc+ = 5.25V, Vcc-=-5.25V, TA=25·C 27 40 mA 
Icc- Supply current from Vcc- -15 -20 mA 

AC ELECTRICAL CHARACTERISTICS 

PARAMETER TO FROM TEST CONDITIONS 
7520 

UNIT 
Min Typ Max 

tpd(l) DO a output Al/A2 or Bl/B2 Cl = 15pF, RL = 2880 25 40 ns 
tpd(O) DO a output Al/A2 or Bl/B2 Cl = 15pF, RL = 2880 20 ns 
tpd(l) DO o output Al/A2 or Bl/B2 CL = 15pF, RL = 2880 30 ns 
tpd(O) DO o output Al/A2 or Bl/B2 Cl = 15pF, RL = 2880 35 55 ns 

tpd(l) SO a output Strobe A or B CL = 15pF, RL = 2880 15 30 ns 
tpd(O) SO a output Strobe A or B Cl = 15pF, Rl = 2880 20 ns 
tpd(l) SO o output Strobe A or B CL = 15pF, RL = 2880 30 ns 
tpd(O) SO o output Strobe A or B CL = 15pF, Rl = 2880 35 55 ns 

tpd(l) Goa a output Gate a CL - 15pF, RL - 2880 15 25 ns 
tpd(O) Goa a output Gate Q CL = 15pF, RL = 2880 10 ns 
tpd(l) GaO o output Gate a CL = 15pF, RL = 2880 15 ns 
tpd(O) GaO o output Gate a CL = 15pF, Rl = 2880 20 30 ns 
tpd(l) GoO o output Gate,O CL = 15pF, RL = 2880 15 ns 
tpd(O) GaO o output Gate Q CL = 15pF, Rl = 2880 10 20 ns 
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7520/22/24/28/2321234 

AC ELECTRICAL CHARACTERISTICS 

7522 
PARAMETER TO FROM TEST CONDITIONS UNIT 

Min Typ Max 

tpd(l) D Youtput A1IA2 or 81182 CL = 15pF, RL = 2880 20 ns 
tpd(O) D Youtput A1/A2 or 81/82 CL = 15pF, RL = 2880 30 45 ns 

tpd(l) S Youtput Strobe A or B CL = 15pF, RL = 2880 20 ns 
tpd(O) S Youtput Strobe A or B CL = 15pF, RL = 2880 20 40 ns 

tpd(l) G Youtput Gate Y CL = 15pF, RL = 2880 10 ns 
tpd(O) G Youtput Gate Y CL = 15pF, RL = 2880 15 25 ns 

AC ELECTRICAL CHARACTERISTICS 

7524/7528 
PARAMETER TO FROM TEST CONDITIONS UNIT 

Min Typ Max 

tpd(l) D Output A or 8 A1/A2 or 81182 CL = 15pF, RL = 2880 25 40 ns 
tpd(O) D Output A or 8 A1/A2 or B1/82 CL = 15pF, RL = 2880 20 ns 

tpd(l) S Output A or B Strobe A or 8 CL = 15pF, RL = 2880 15 30 ns 
tpd(O) S Output A or 8 Strobe A or 8 CL = 15pF, RL = 2880 20 ns 

AC ELECTRICAL CHARACTERISTICS 
75232175234 

PARAMETER TO FROM TEST CONDITIONS UNIT 
Min Typ Max 

tpd(l) D Output A or B A1/A2 or B1IB2 CL = 15pF, RL = 2880 25 ns 
tpd(O) D Output A or 8 A1/A2 or 81/82 CL = 15pF, RL = 2880 25 40 ns 

tpd(l) S Output A or B Strobe A or 8 CL = 15pF, RL = 2880 25 ns 
tpd(O) S Output A or 8 Strobe A or B CL = 15pF, RL = 2880 15 30 ns 

AC ELECTRICAL CHARACTERISTICS 

LIMITS 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

torD Differential-input VID = 2V 20 ns 
overload recovery time tr = tf = 20ns 

torc Common-mode input VIC =±2V 20 ns 
overload recovery time tr= tf = 20ns 

tcyc(min) Minimum cycle time 200 ns 
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DIU" CORE IIEMOR, lUipE ,"Vii'i iFiERS 

TEST LOAD CIRCUITS-7520 

DIFFERENTIAL 
INPUT 

TEST CIRCUIT-DIFFERENTIAL AND 
STROBE INPUTS TO OUTPUTS 

V CC2 V REF:: 20mV r:J:. VCC1 

rj~----~---~~--
21 

,. 
--l 

I 
28811 2880 

I OUTPUT 

r--'L--,1>~~--)c~------~I'~3~-oQ 

NOTES 

1. Pulse generators have the following characteristics: 
ZOUT = 50n, tr = tl = 15(±5lns, tpl = lOOns, 
tp2 ~ 300n5, and PRR ~ 1 MHz. 

2. C, includes probe and jig capacitance. 

TEST CIRCUIT 

VCC2 V REF:: 20mV 

2 

r)8 ____ ~ __ R_ 

iC,.l: '5pF 
I':" 
I 
I 

1,2 OUTPUT 

»-i-"'----+OCi 
C'.:::I: 15pF 

288Il 

>--;:::::j[J~;:f-):>t------l.!!..i-~OUTPUT 

NOTES 

1. Pulse generators have the following characteristics: 
ZOUT = son, tr = tf == 15(±5)ns, tp1 == lOOns, 
tp2 = 300ns, and PRR = 1 MHz. 

2. C, includes probe and jig capacitance. 

..,..C, 
*15PF 

J:)!.:..:...--------+-O OUTPUT 

C1*-15P F 

Si!lnotics 

.520 752' 7514 
"'?I "1» 19 g ~!jlI!!:;.. c~_ • I J!J 

7520/22/24/28/232/234 
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VOLTAGE WAVEFORMS-7520 

DIFFERENTIAL AND STROBE INPUTS TO OUTPUTS 

~~
---40mv 

DIFFERENTIAL 20mV 20mV 20mV 20mV 
INPUT PULSE 1-'P1 .... 1 ~tp2______ ov 

1 I ______ V'NII) 

~.5V I 1.5'11 ~.5V I.SV 
STROBE INPUT .....:...t p2----r- _I pl_' VIN(O) 

PULSE " I I 
'Pd(IIOO -: n'Pd(0)0;2 'Pd(IISO~ f fl'Pd(O)SO I ,- I' . I ,:....::! ---- VOUTII) 

I 1.5vl '.5V I 1.5V 1.5V 
OUTPUT a I i VOUTIO) 

I' I I 
OUTPUTQ~I ~_'--_ ~YOUT(1) 

\ 1.5V 1.5V •. _ I ~~:_ 
'pdll)OO -I 1+ I, _'Pd(OISO..! ..... ,~-- V~UT(O) -, r- pO(I)OO ,.:..;.t '-. pO(I)SO 

TEST LOAD CIRCUIT-7522 

NOTES 

DIFFERENTIAL 
INPUT 

A, 2 

TEST CIRCUIT 

VeCI 
"CC2 VREF = 20mV ~ 

r:-~----j!.-_J!...::'-

1. Pulse generators have the following characteristics: 
ZOUT = 50n, t, = It = 15(±5)ns, tp' = lOOns, 
tp2 = 300ns, and PRR = I MHz. 

2. Strobe input pulse is applied to Strobe A when inputs A1-A2 are being tested and to 
Strobe B when inputs 61-82 are being tested, 

3. C1 includes probe and jig capacitance. 

7520/22/24/28/232/234 

DIFFERENTIAL" AND STROBE INPUTS TO OUTPUTS 

GATE a ~1.5V ~~s-;- YIN(1) 
~ " •• ~~ ..•• ~ V'NIO) 

'NPUT ~'-'PI-I :-'P2-1 

~---r--- V'NII) 
_ 1.5V 1 I 1.5V 1 1.5V 1.5V I 

~~:~TO ,---r-,p2--r--1 r-'PI~ V'NIO) 

'PdIO)GoO-\ '-I '-'''d(I)GO~ (4"'rdll )G o O -I r'pd(I)GoO 

OUTPUTO ~I I I I \ I VOUT(I) 
1 I 1.5V 1 '.5V 1.5V I 

~tPd(O)GQQ I __ VOUT(O) 

'Pd(O)Gaa -\ I-I -I I ,'Pd(I)Gaa-1 I ~'Pd(OIGOO 
OUTPUTa ~I 1 I ?------\l .... ~ VOUTII) 

15V 15V 15'11 I.SV --eJr::~ __ '_ 
1 , 1 _ ------ VOUT(O) 

tPd(I)GaCl-1 1--- -, i-1pd(O)GOQ 

288Jl 

OUTPUT 

C'~'5PF 
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VOLTAGE WAVEFORM-7522 

DIFFERENTIAL AND STROBE INPUTS TO OUTPUTS 

~~ 
_____ 40mv 

20mV 20mV 20mV 20mV 
DIFFERENTIAL I I I OV 
INPUT PULSE I-tp1_1 r--- lp2_1 

~I I ~------VIN(') 
1.5Vl l 1 •. 5V 1.5Y 1.5V 

STROBE INPUT I I I I I I V IN(O) 
PULSE I----i-tp2-1 1.-'p1 __ , 

I 1 22 I I. ----V ,N(,) 

.1.'.5V :: ::~ 
GATE INPUT Itt I I tp3 I I ~I V IN(O) ! 'pd{O)D_1 I- I I I ! 

I pd(1)G-.J J""'- :-1 , __ .... .l pd(1)D I -I !_tp~(1)S 

~' I ~I ---VOUT(1) 
1.SV 1.SY 1.5V I 1.5V 1.5VI 1.5V 

OUTPUT I I I I V OUT(O) 
Ipd(O)S_1 I-- -I I--lpd(O)G 

TEST LOAD CIRCUIT-752417528 

DIFFERENTIAL 
INPUT 

A, 

TEST CIRCUIT 

'6 --, ... " I 
114 OUTPUT 

r-~~----------t-~A 
Ie,.:!: '5pF 

I'=" 
1 
I 

288n 

I 112 OUTPUT 

}--------------r--------t-OB 

NOTES 

1. Pulse generators have the following characteristics: 
ZOUT = 50!), t. = If = 15(±5)ns, tp ' = 100ns, 
I p2 = 300ns, and PRR = 1 MHz. 

2. Strobe input pulse is applied to Strobe A when inputs A1-A2 are being tested and to 
Strobe B when inputs 81-82 are being tested. 

3. C1 includes probe and jig capacitance. 

VOLTAGE WAVEFORM-7524/7528 

DIFFERENTIAL AND STROBE INPUTS TO OUTPUTS 

~~
----40mv 

20mV 20mV 20mV 20mV 
DIFFERENTIAL 
'NPUTPUL5E i-,p,-i 1_'p2-1 ov 

I I _______ V,N(') 

~1.5V ~1_;;_----
STROBE INPUT ---J~tp2-+--N~~lp1_!,---VIN O} 

PUL5E 'I I I I ( 
I I 'pO(1)5_1 I_I 1--'pd(0)5 

'pO(,)o--1 '-I I-,pd(O)O I 

~I ~"-----VOUT(') 
1.5V 1.5V 1.5V 1.SV 

OUTPUT V OUTeD) 

SmOlltlGS 

e,*15PF 

I 
i 

, 
~ § ! • 

7520/22/24/28/232/234 
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TEST LOAD CIRCUIT-75232/75234 

DIFFERENTIAL 
INPUT 

V REF = 20mY o-.....:==t--l 

288n 288U 

~--t-~~~~------~-( OUTPUT ...- 12 2W 
low I CL = 15p. .,... 
I (SEE NOtE 3) .,;:-

I 
I 

2S--(£~J 
11 Ii 

":" "'::" 

NOTES 

1. The pulse generators have the following characteristics: 
ZOUT = SOil, Ir = 15 ± 5ns, If = 15 ± 5ns, Iwl = lOOns, 
tw2 = 300ns, and PRR = 1 MHz. 

2. The strobe input pulse is applied to Slrobe 1 S when inputs lA 1-1A2 are being tested 
and to Strobe 28 when Inputs 2A1-2A2 are being tested. 

3. CL includes probe and jig capacitance. 

VOLTAGE WAVEFORM-75232/75234 

314 

DIFFERENTIAL 
INPUT PULSE 

DIFFERENTIAL AND STROBE INPUTS TO OUTPUTS 

AI 20mV I 20mV -I20mV \-;,:v-----4OmV 
___ ...J. ... ----ll~ I· ov 

1-.",-1 \-'W2----l 
I I 
I I r.:::-\--,--------.. 5V 

1.5V I I 1.5V T, 1.5~. -s.'.5V 
l---t--'w2-+-1 '--ij2~--J 1.-'.,-1 '-_____ ov 

'PHL(D)--l~ -t j4-'PUH(D) 'PHL(S)--l I -I I-'PLH(S) 

~' I 2r I VOH 
OUTPUT 1.5V 1.SY ~1.5V 1 1.5V 

\.::.....L.-------VOL 

SI!IDotlOS 

7520/22/24/28/232/234 



TYPICAL PERFORMANCE CHARACTERISTICS 
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OUTPUT VOLTAGE vs 
DIFFERENTIAL-INPUT 

VOLTAGE 

524, 7525 AND a OUTPUT OF 7520, 7521 ONLY 

I I 
VREF= 15mV .--
VREF= 25mY 

YREF- 35mV 

I I 
I I 

Vee1 =5V 
YCC2=-5V 
I LOAD = -400jJA 
TA = ,2S0 C I 

o ±s ±10 ±15 f20 ±25 ±30 f35 ±4D 

V IND· DIFFERENTIAL-INPUT VOLTAGE-mY 

THRESHOLD VOLTAGE 
vs REFERENCE 

VOLTAGE 

vee1 =5V 

Vee2 = -5V J V TA= ct'C TO 700 e 
V 

V 
V 

V 
V 

" 

, 

o 5 10 15 20 25 30 35 40 45 SO 

V REF - REFERENCE VOLTAGE - mY 

COMMON MODE FIRING 
VOLTAGE vs 

FREE-AIR TEMPERATURE 

1 
~ g 
" z 
i 
Ii: 

~ z 
~ -1 
o ,. 
Z -2 
o ,. 
,. -3 

8 
... -4 

~ 0 

I I 

Vee,= SV 
VCC2 =-5V 

YREF = 20mV 

10 20 

+VCMF 

-Y CMF 

30 40 50 50 70 

> V REF = 20mV T A - FREE-AIR TEMPERATURE-C 

s.o 
> 
J, 4.5 

co 
;! 4.0 ... 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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DESCRIPTION 
The 75324 is a monolithic memory driver 
with decode inputs designed for use with 
magnetic memories, The device contains 
two 400mA (source/sink) switch pairs with 
decoding capability from four address lines, 
Two address inputs IB and C) are used for 
mode selection, ie" source or sink, The 
other two address inputs IA and 01 are used 
for switch-pair selection loutput pair Y /Z or 
W/X), 

The sink circuit is composed of an inverting 
switch with a TTL input. The source circuit 
is an emitter-follower driven from a TTL 
input. 

FEATURES 
• 400mA output capability 
• High voltage outputs 
• Dual sink/source outputs 
• Internal decoding and timing circuitry 
• Fast switching times 
• Output short-circuit protection 

ABSOLUTE MAXIMUM RATINGS Over operating case temperature range 

unless otherwise specified. 

PARAMETER RATING UNIT 

Supply voltage Vcc' 17 V 
Input voltage2 5,5 V 
Operating case temperature range o t070 °C 
Continuous total power 800 mW 
dissipation at lor 
below) 70°C case temperature 
Storage temperature range -65 to+150 °e 

NOTES 

1, Voltage values are with respect to network ground terminal 
2. Input 51gnals must be zero or positive with respect to network ground termmal 

75324-F,N 

PIN CONFIGURATIONS 

ADDRESS 
INPUT A 

ADDRESS 
INPUT B 

ADDRESS 
INPUT C 
TIMING 

INPUTE 
TIMING 

INPUT F 
TIMING 

INPUT G 
TIMING 

INPUT 0 

ADDRESS 
INPUT A 

ADDRESS 
INPUT B 

ADDRESS 
INPUT C 
TIMING 

INPUT E 
TIMING 

INPUT F 
TIMING 

INPUTG 
ADDRESS 

INPUT 0 

N PACKAGE 

FPACKAGE 

OUTPUT 
(SINK) 2 

Vee 
OUTPUT 
(SOURCE) Y 

SOURCE 
COLLECTORS 
OUTPUT 
(SOURCE) X 

OUTPUT 
(SINK)W 

GND2 

OUTPUT 
(SINK) Z 

Vee 
OUTPUT 
(SOURCE) Y 
SOURCE 
COLLECTORS 
OUTPUT 
(SOURCE) X 
OUTPUT 
(SINK)W 

GND 1 and GND 2 are to be used in parallel 

DC ELECTRICAL CHARACTERISTICS TA = ooe to 70oe, Vcc = 14V unless otherwise specified: 

TEST LIMITS 
PARAMETER TEST CONDITIONS UNIT 

FIGURE Min Typ· Max 

VIH High-level input voltage 1 3,5 V 
Vil Low-level input voltage 1 0,8 V 

IIH High-level input current, 1 VI =5V 200 iJ.A 
address inputs 

IIH High-level input current, 1 VI =5V 100 iJ.A 
timing inputs 

III Low-level input current, 1 VI =OV -6 mA 
address inputs 

ill Low-level input current, 1 VI =OV -12 mA 
timing inputs 

V(SAT) Sink saturation voltage 2 ISINK '" 420mA. Rl = 53!! 0,75 0,85 V 
VISAT) Source saturation voltage 2 ISOURCE '" 420mA, Rl = 47,5!! 0.75 0,85 V 

IOFF Output off-state current 1 Vl =OV 125 200 iJ.A 

Icc Supply current, all sources and 3 V,=OV 12,5 15 mA 
sinks off 

Icc Supply current, either sink selected 4 30 42 mA 
Icc Supply current, either source 4 25 35 mA 

selected 

"NOTE 

All tYP1.cal values are at TA =:: 25°C. 
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75324-F,N 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = 14V unless otherwise specified, 

TEST LIMITS 
pARAMETER 

FIGURE TEST CONDITIONS UNIT 
Min Typ Max 

tPLH Propagation delay time 5 RLl = 53!! 90 ns 
Low-to-high-Ievel source output RL2 = 500n 

tPHL Propagation delay time 5 CL =20pF 50 ns 
High-to-Iow-Ievel source output 

tPLH Propagation delay time 6 110 ns 
Low-to-high-Ievel sink output RL = 53!) 

tPHL Propagation delay time 6 CL= 20pF 40 ns 
High-to-Iow-Ievel sink output 

ts Sink storage time 6 70 ns 

EQUIVALENT SCHEMATIC 

r-----~--~~---------------.----~------------------4r----------_ovcc 

TIMING {: 
INPUTS 

G 

ADDRESS SWITCH·PAIR 
INPUTS SELECT 

318 

A o--+-----+-+_+_-, 

MODE SELECT { B 

(SOURCE/SINK) C o--+-------HH 

00--+-------1--' 

SOURCE 
COLLECTORS 

~------------------------~----------~--~--~~----------~GNO 

Smnotics 



75324-F,N 

PARAMETER MEASUREMENT INFORMATION 

DC TEST CIRCUITS· 
V IL' V IH' IlL' IIH' AND IOFF 

TEST TABLE FOR IlL 
,-----------, 
I eTiMING INPUTS Vee ?f-----~O t-14V 

~~~~~~TORS - 'OFF 
+23V 

53 
15W (NONINDUCTIVE) 

+13V 

'"++'¢--.-l-----o +3V 

NOTES 

1, Check VIH and Vil per Function Table. 
2. Measure IlL perTest Table. 
3. When measuring !IHI all other inputs are at ground. Each input is tested separately. 

V(SAT) 

+5V ,-----------, 
I ETIMING INPUTS Vcc A-------<O+14V 

SOURCE T 

+5V 

NOTE 

SEE 
FUNC­
TION 
TABLE 

COLLECrT.:.O".:.S:.o_~~",,/'v-O 

This parameter must be using pulse techniques, 
tw=500ns. duty cycles 1%. 

+13V 

Figure 1 

APPLY3.5V GROUND TEST 
IlL 

B,C,E,F, and G Aand D A 
B,C,E,F, and G Aand D D 
A,D,E,F, and G BandC B 
A,D,E,F, and G Band C C 
A,B,C,D,F, and G E E 
A,B,C,D,E, and G F F 
A,B,C,D,E, and F G G 

I CC (ALL OUTPUTS OFF) 

,-----------, 
I TIMING INPUTS V ?_---"c::;:C'-__ ___ 

E cc . O+14V 

SOURCE 

COLLEC;...TO:.:":.::.S-o_-.--.--'V'h---.O + 23V 

53 
15W (NONINDUCTIVEj 

+13V 

"Arrows indicate actual direction of current flow. Current into a terminal is a 
positive value. 

"Arrows indicate actual direction of current flow. Current into a terminal is a 
positive value. 

Figure 2 Figure 3 
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PARAMETER MEASUREMENT INFORMATION (Cont'd) 

I CC (ONE OUTPUT ON) 

DC TEST CIRCUITS' 
'3 .• V'-----------, 

I TIM.ING INPUTS 

E 

_ICC 
_-=-""Ot14V 

"-++'O-..----<l ' 3V 

-=-NOTES 

1. Ground A and B, apply 3.SV to C and 0, and measure Icc {output W is on). 
2. Ground Band D, apply 3.SV to A and C, and measure Icc (output Z is onl. 
3. Ground A and C, apply 3.SV to Band D, and measure Icc (output X is on). 
4. Ground C and 0, apply 3.SV to A and 8, and measure Icc (output Y is on). 

*Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 

Figure 4 

SWITCHING CHARACTERISTICS 

SOURCE-OUTPUT SWITCHING TIMES 

75324-F,N 

TEST CIRCUIT VOLTAGE WAVEFORM 

'5V ,---:--------, 
I ;'M'NG INPUTS vcc,l,o--------< 

SOURCE T 
o +14V 

RU COLLECTORS 
r--o-.---<~M'--<> 

53 
+23V 

15W (NONINDUCTIVE) 

NOTES 

SEE 
NOTE 

2 

-=-

1. The input waveform is supplied by a generator with the following characteristics: tr= tf 
= 10n5, duty cycle'; 1%, and ZOUT - 500. 

2. When measuring delay times at output X, apply +5V to input D, and ground A. When 
measuring delay times at output Y. apply +5V to input A, and ground D. 

3. CL includes probe and jig capacitance. 
4. Unless otherwise noted a/l resistors are O.5W. 

+13V 

OUTPUT x 

OUTPUT Y 

FigureS 
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\l OUTPUT 
X OR Y 



SWITCHING CHARACTERISTICS (Cont'd) 

SINK-OUTPUT SWITCHING TIMES 

TEST CIRCUIT 

+5V r------------, 
I eTiMING INPUTS VCC9>------<O+14V 

NOTES 

SEE 
NOTE 

2 
INPUT 
PULSE 

53 
15W (NON INDUCTIVE) 

+13V 

~-+:o---t---~:> OUTPUT 

1. The input waveform is supplied by a generator with the following characteristics: tr =tf 

= 10ns. duty cycle'; 1%. and ZOUT = 50. 
2. When measuring delay times at output X, apply +5V to input D, and ground A. When 

measuring delay times at output Y, apply +5V to input A, and ground D. 
3. CL Includes probe and jig capacitance. 

FigureS 

Si!lnotics 

75324-F,N 

VOLTAGE WAVEFORM 

OUTPUT ----""'" 
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DESCRIPTION 
The D53611 series of dual peripheral drivers 
was designed for applications where higher 
breakdown voltage is required than that 
provided by the 75451 series. 

The pin out for the 3611 series is identical to 
those of the 75451 through 75454. The 3611 
series feature high voltage outputs (BOV 
breakdown in the "off" state) as well as high 
current (300mAldriver in the on state). 

FEATURES 
• • High voltage PNP inputs 
• • PMOSICMOS TTL or DTL compatible 

Inputs 
• • Low input currents 

• High voltage outputs 80V (off) 
• High current-300mA/driver (on) 
• Input clamping diodes 
• Choice of logic function 
• DS3611/12113/14, DS1611112/13114 
• Military qualifications pending 

NOTE 

• • Special Signetics features 

APPLICATIONS 
• Power drivers 
• Relay drivers 
• Lamp drivers 
• Mos drivers 
• Memory drivers 

PIN CONFIGURATIONS 

INPUT Al 1 

INPUT B1 2 

OUTPUT 3 
VI 

N PACKAGE 

DUAL AND DRIVER 
DS3611 

7 INPUT 82 

6 INPUT A2 

GROUND 4 5 OUTPUT 

DUAL NAND DRIVER 
053612 

V2 

INPUT Al ,-1--.---, 

INPUT 81 2 

OUTPUT 3 
VI 

0:::=-....''-.] INPUT 82 

GRDUND ~4!..J--__ '--I 5 OUTPUT 
V2 

INPUT A1 1 

INPUT 81 2 

V, 

GROUND 4 

DUAL OR DRIVER 
D53613 

DUAL NOR DRIVER 
D53614 

Ssgnotic9 

,2 

, INPUT 82 

5 OUTPUT 
Y2 

DSlI!! 'iE' 1/361,. i' ' , 
DS3611/3612/3613/3614-N,T 

T PACKAGE 
DS3611T 

GND 

Pin 4 is in electrical contact with the case. 

D53612T 

GND 

Pin 4 is in electrical contact with the case. 

D53613T 

Vee 

GND 

Pin 4 is in electrical contact with the case. 

DS3614T 

Vee 

GND 

Pin 4 is in electrical contact with the case. 
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BLOCK DIAGRAMS 

A 

083611 

Al 

81 n--L_.J-J-:--:-"" 

A20-_-'" 

82 l>---L_" 

083612 

Al 

81 

A2 

82 

Rl 
4K 

01 

Dl 

NOTE 

One circuit only shown 

326 

D6 

Yl 

Y2 

Yl 

Y2 

083611 

R2 
1.6K 

R3 
lK 

R' 
130 

Al 

81 

A2 

0$3613 

82 n-....... _' 

Yl 

Y2 

EQUIVALENT SCHEMATICS 

A" 
500 

A 

8 

A 

Rl R2 
4K 1.6K 

Dl D2 A3 
lK 

Vee 

• 

GND 

!ii!l0otiC!i 

083613 

R6 
'K 

083614 

DS3611/3612/3613/3614-N,T 

., 
81 

A2 

82 

R4 
130 

083612 

083614 

Yl 

Y2 

Vee 

GNO 

vee 

GND 

Vee 

GND 



IIiGII VOHAGE Pub 1 Ii RuE DRIVER 8S36113612.3618.3614 
OS3611/3612/3613/3614-N,T 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Vee Supply voltage 
continuous 7 V 
momentary (1 second) 15 V 

VIN Input voltage 30 V 
VOUT Output voltage (off state) 80 V 
lOUT Output current (continuous) 300 mA 
Po Power dissipation' 750 mW 
TA Operating temperature range a to 70 °e 
TSTG Storage temperature range -65 to +150 °e 

Lead temperfiture 300 °e 
(soldering, 10 sec) 

NOTE 
"The maximum, junction temperature is 150°C. Derate at 162°C/Watt above 2SQ C. 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = 5V, ooe < TA < 70°C unless otherwise specified. 

DS3611 SERIES 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

VIH Logical "1" input voltage Vee = 4.75V 2.0 V 
Vil Logical "0" input voltage Vee = 4.75V 0.8 V 
VI Input clamp voltage Vee = 4.75V, 11 = -12mA -1.2 -1.5 V 

IIH Logical "1" input current Vce = 5.25V, VIN = 2.4V 10 p.A 
VIN = 5.5V <1 10 p.A 
VIN = 30V 1 100 p.A 

III Logical "0" input current Vce = 5.25V, VIN = O.4V -50 -100 p.A 

VOL Output low voltage VIN = 0.8V (053611/3613) 
VIN = 2.0V (053612/3614) 
Vce = 4.75V, IOl = 100mA 0.20 0.40 V 

IOl = 300mA 0.45 0.70 V 

VOH Output breakdown voltage Vcc = 5.25V, VIN = 2.0V (053611/3613) 
VIN = 0.8V (OS3612/3614) 80 V 

IOH = 100l'A 

IOH Output leakage current VIN = 2.0V (OS3611/3613) 
VIN = 0.8V (OS3612/3614) 
VOUT = 80V, Vec = 5.25V 100 p.A 

Vee = open 100 p.A 

ICCH 5upply current with outputs high Vec = 5.25V: 
053611 - VIN = 5V 5 11 mA 
053612 - VIN = OV 8 14 mA 
OS3613 - VIN = 5V 8 14 mA 
053614 - VIN = OV 10 17 mA 

lecl 5upply current with outputs low Vec = 5.25V: 
053611 - VIN = OV 44 69 mA 
053612 - VIN = 5V 47 71 mA 
053613 - VIN = OV 44 73 mA 
053614 - VIN = 5V 49 79 mA 
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053611/3612/3613/3614-N,T 

AC ELECTRICAL CHARACTERISTICS Vee = 5V, TA = 25°C unless otherwise specified. 

DS3611 SERIES 
PARAMETER TEST CONDITIONS 

Min 

TPLH Propagation delay time, 10 CO< 200mA 
low-to-high output 

CL = 15pf 
RL = 50n 

(5ee test figurel 
053611 
053612 
D53613 
053614 

TPHL Propagation delay time, 
high-to-Iow output 053611 

053612 
053613 
D53614 

TYPICAL CIRCUIT TIMING WAVEFORMS 

2.4V 10V 

INPUT 
OS3611 
OS3613 

Typ 

130 
110 
125 
229 

125 
110 
125 
150 

1--.--0 OUTPUT 
1-----O.5ps-----i 

C L = 15pf 

OUTPUT 

's 
NOTES 

1. The pulse generator has the following characteristics: 
PRR = 1.0MHz 
ZOUT= 50 

2. CL includes probe and jig capacitances. 
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UNIT 
Max 

ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 

j,.,"""' ____ 3.0V 

QV 

3.0V 

~:'::"' ___ QV 

J 



DESCRIPTION 
The 057820, specified from -55° e to 
125°C, and the D58820, specified from DoC 
to 70°C, are digital line receivers with two 
completely independent units fabricated on 
a single silicon chip. Intended for use with 
digital systems connected by twisted pair 
lines, they have a differential input designed 
to reject large common mode signals while 
responding to small differential signals. The 
output is directly compatible with RTL, DTL 
or TTL integrated circuits. 

The response time can be controlled with an 
external capacitor to eliminate noise spikes, 
and the output state is determined for open 
inputs. Termination resistors for the twisted 
pair line are also included in the circuit. 
Both the DS7820 and the DS8820 are spec­
ified, worst case, over their full operating 
temperature range, for ±10-percent supply 
voltage variations and over the entire input 
voltage range. 

D57820/8820-F,N 

FEATURES 
• Operation from a single +5V logic supply 
• Input voltage range of ±15V 
• Independent channel strobing 
• High Input resistance 
• Fanout of two with OTL or TTL 
• Output can be wire OR'ed 
• OS782O Mil std 883A,B,C available 

CIRCUIT SCHEMATIC 

PIN CONFIGURATION 

RESPONSE 
TIME 

F,N PACKAGE 

OROER PART NO. 

DS7B20N. DSBB20N 
DS7B20F. DSBB20F 

RESPONSE-TIME CONTROL 

RESPONSE 
TIME 

r-----~r---~----+---~------~----~--Ov+ 

RS 
5K 

NON-IN"E:r~~~ o-----....... --~ 

Rl0 
167 

Rl1 
4.15 

R12 
5K 

Rl. 
3K 

R15 
320 

"""'----4--0 OUTPUT 

TERMINATION 0---..... 

R7 
170 

R2 

R13 
1.SK 

Rl. 
750 

Rl ~'~.7~~ __________ +-____ +-______ ~ __ -4 ______ --oGROUND 

INVE~J~~~ 0-.AJ\5K,..,... ...... ______________ --' 

STROBE 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Supply voltage 8.0 
Input voltage ±20 
Differential input voltage ±20 
Strobe voltage 8.0 
Output sink current 25 
Power dissipation 600 
Operating temperature range 

057820 -55 to +125 
058820 o to 70 

Lead temperature 
(soldering, 10sec) 300 

NOTE 

"Absolute Maximum Ratings" are those values beyond which the safety of the device 
cannot be guaranteed. Except for "Operating Temperature Range" they are not meant to 
imply devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

SIDotiCS 

UNIT 

V 
V 
V 
V 

mA 
mW 

°e 
°e 

°e 
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DS7820/88~0-F ,N 

DC ELECTRICAL CHARACTERISTICS Specifications apply for 4;5V :s; Vee:S; 5.5, 
-15V:S; VeM:S; 15V and -55°C:s; TA:S; +125°C for the OS7820 
or O°C:S; TA:S; +70°C' for the OS6820 unless otherwise specified. 
Typical values giver are for Vee = 5.0V, TA = 25°C and VeM = OV 
unless stated differently.l.2.3 

PARAMETER TEST CONDITIONS 

VTH Input threshold VIN =OV 
VTH Input threshold -15V:S; VIN:S; 15V 

VOH High output level IOUT:S; -0.2mA 
VOL Low output level ISINK:S; 3.5mA 

RIN - Inverting input resistance 
RIN + Noninverting input resistance 
RT Line termination resistance 

1ST Strobe current VStrobe = O.4V 
1ST Strobe c'urrent VStrobe = 5.5V 

lee Supply current3 VIN = 15V 
lee Supply current3 VIN = OV 
lee Supply current3 VIN = -15V 

IIN+ Noninverting input current VIN = 15V 
IIN+ Noninverting input current VIN = OV 
liN + Noninverting input current VIN = -15V 

liN - Inverting input current VIN -15V 
liN - Inverting input current VIN = OV 
liN - Inverting input current VIN = -15V 

NOTES 
1. All currents into device pins shown as posit'lve, out of device pins as negative, all 

voltages referenced to ground unless otherwise noted. All values shown as max or min 
on absolute value basis. 

2. Only one output at a time should be shorted. 
3. The specifications and curves given· are foroneside only. Therefore, the total package 

dissipation and supply currents will be double the values given when both receivers 
are operated under identical conditions. 

AC ELECTRICAL CHARACTERISTICS 

TEST DS7820 DS8820 
PARAMETER CONDITIONS Min Typ 

TR Response time Cdelay = 0 40 
TR Response time Cdelay = 100pF 150 

OS7820-0S8820 TYPICAL APPLICATION 

LINE DRIVER AND REeEIVERt 

tExact value depends on line length 
lVcc is 4.5V to 5.5V for both the D87820 and D87830 
·Optional to control response time 

330 

Max Min 

CIt 
0.002/1' 

Typ 

40 
150 

Smnotics 

DS7820 DS8820 

Min Typ Max Min Typ 

-0.5 0 0.5 -0.5 0 
-1.0 0 1.0 -1.0 0 

2.5 5.5 2.5 
0 0.4 0 

3.6 5.0 3.6 5.0 
1.8 2.5 1.8 2.5 
120 170 250 120 170 

1.0 1.4 1.0 
-5 

3.2 6.0 3.2 
5.8 10.2 S.8 
8.3 15.0 8.3 

3.0 7.0 5.0 
-1.6 -1.0 -1.6 -1.0 
-9.8 -7.0 -9.8 -7.0 

3.0 4.2 3.0 
0 -0.5 0 

-4.2 -3.0 -4.2 -3.0 

UNIT 
Max 

ns 
ns 

UNIT 
Max 

0.5 V 
1.0 V 

5.5 V 
0.4 V 

kO 
kO 

250 0 

1.4 mA 
-5 p.A 

6.0 mA 
10.2 mA 
15.0 mA 

7.0 mA 
mA 
mA 

4.2 mA 
-0.5 mA 

mA 



DESCRIPTION 
The DS7820A and the DS8820A are im­
proved performance digital line receivers 
with two completely independent units fab­
ricated on a single silicon chip. Intended for 
use with digital systems connected by twist­
ed pair lines, they have a differential input 
designed to reject large common mode sig­
nals while responding to small differential 
signals. The output is directly compatible 
with RTL, DTL or TTL integrated circuits. 

The response time can be controlled with an 
external capacitor to reject input noise 
spikes. The output state is a logic "1" for 
both inputs open. Termination resistors for 
the twisted pair line are also included in the 
circuit. Both the DS7820A and the DS8820A 

PIN CONFIGURATION 

N/F PACKAGE 

are specified, worst case, over their full ORDER PART NO. 

operating temperature range (-55°C to DS7820AN, DS7820AF 

125° C and O°C to 70° C respectively), over DS8820AN, DS8820AF 

the entire input voltage range, for ±10% 
supply voltage variations. EQUIVALENT SCHEMATIC 

FEATURES 

INPUT 

TERMINATION 

STROBE 

• Operation from a single +5V logic supply RESPONSE-TIME CONTROL 

• Input voltage range of ±15V 

N/F 

• Strobe low forces output to "1" state r-----~~--~----~--~------~~--~--Ov+ 

• High input resistance 
• Fanout of ten with either DTL or TTL 

Integrated circuits 
• Outputs can be wire OR'ed 
• Series 54174 compatible R1S 

32. 

t-----<l OUTPUT 

r'~~----------~-----+--------~--~------~GROUND 

ABSOLUTE MAXIMUM RATINGS* 

PARAMETER RATING 

Supply voltage 8.0 
Input voltage ±20 
Differential input voltage ±20 
Strobe voltage 8.0 
Output sink current 50 
Power dissipation 600 
Operating temperature range 

DS7820A -55 to +125 
DS8820A o to +70 

Lead temperature 300 
(soldering, 60sec) 

'NOTE 

"Absolute Maximum Ratings" are those values beyond which the safety of the device 
cannot be guaranteed. Except for "Operating Temperature Range" they are not meant to 
imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 

SmootiCS 

UNIT 

V 
V 
V 
V 

mA 
mW 

°C 
°C 
°C 
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DC ELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise specified.1,2,3,4 

PARAMETER TEST CONDITIONS 

VTH Differential threshold voltage lOUT = -400pA -3V:S; VCM:S; +3V 
VOUT 2: 2.5V -15V:S; VCM :S;+15V 
lOUT = +16mA -3V:S; VCM :s; +3V 
VOUT:S; 0.4V -15V:S; VCM :S;+15V 

RI- Inverting input resistance -15V:S; VCM :s; +15V 

RI+ Non-inverting input resistance -15V:S; VCM:S; +15V 

RT Line termination resistance 

11- Inverting input current VCM = 15V 
VCM = OV 
VCM = -15V 

it+ Non-inverting input current VCM = 15V 
VCM =OV 
VCM = -15V 

Icc Power supply current VOIFF = -W, VCM = 15V 
lOUT = Logical "0" VCM = -15V 
VOIFF=-0.5V, VCM =OV 

VOH Logical "1" output voltage lOUT - -400pA, VOIFF - 1V 
VOL Logical "0" output voltage lOUT = +16mA, VOIFF = -1V 

VSH Logical "1" strobe input voltage IOUT=+16mA, VOUT:S;0.4V, VOIFF=-3V 
VSL Logical "0" strobe input voltage IOUT=-400pA, VOUT2: 2.5V, VOIFF=-3V 

ISH Logical "1" strobe input current VSTROBE = 5.5V, VOIFF = 3V 
ISL Logical "0" strobe input current VSTROBE =0.4V, VOIFF=-3V 

Isc Output short circuit current lOUT = OV, Vcc = 5.5V, VSTROBE = OV 

NOTES 
1. These specifications apply for 4.SV:S Vee:5 5.SV, -15V:5 VCM:S 15V and -55°C ::5TA$ 

+125'C for the OS7820A or O·C 5 TA 5 +70'C for the OS8820A unless otherwise 
specified. Typical values given are for Vee = S.OV, TA = 25° C and "eM = OV unless 
stated differently. 

2. All currents into device pins shown as positive, out of device pins as negative, all 
voltages referenced to ground unless otherwise noted. All values shown as max or min 
on absolute value basis. . 

3. Only one output at a time should be shorted. 
4. The speclf,ications and curves given are foroneside only. Therefore, the total package 

dissipation and supply currents will be double the values given when both receivers 
are operated under identical conditions. 

DS7820AlDS8820A 

MIn Typ Max 

0.06 0.5 
0.06 1.0 
-O,OB -0.5 
-O,OB -1.0 

3.6 5 

1.B 2.5 

120 170 250 

3.0 4.2 
0 -0.5 

-3.0 -4.2 

5.0 7.0 
-1.0 -1.6 
-7.0 -9.B 

3.9 6.0 
9.2 14.0 
6.5 10.2 

2.5 4.0 5.5 
0 0.22 0.4 

2.1 
0.9 

0.D1 5.0 
-1.0 -1.4 

-2.B -4.5 -6.7 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, VCC = 5V unless otherwise specified. 

DS7820A/DS8820A 
PARAMETER TEST CONDITIONS 

MIn Typ Max 

tpoo Propagation delay, differential 30 45 
input to "0" output 

tp01 Propagation delay, differential 27 40 
input to "1" output 

tpoo Propagation delay, strobe 16 25 
input to "0" output 

tp01 Propagation delay, strobe 1B 30 
input to "1" output 
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N/F 

UNIT 

V 
V 
V 
V 

kn 
kn 
n 

mA 
mA 
mA 

mA 
mA 
mA 

mA 
mA 
mA 

V 
V 

V 
V 

pA 
mA 

mA 

UNIT 

ns 

ns 

ns 

ns 



TYPICAL PERFORMANCE CHARACTERISTICS 

SUPPLY VOLTAGE SENSITIVITY 

TAO L.c ~ 
w 
" 0.2 VCM [ OV 
~ 
~ o. 
9 
a 

~ 
'" :r 
I­
~ 
<[ -0. 

~ 

'--
, 

Your = 2.SV. lour::: -400J.LA 

I I I 
V~UT 0 J.4V. 'OJT 0 '6~A 

~ -0.2 

5 

~ 
w 

" .. 
!:; 
a 
> 
I-

~ 
I-

" a 

4.5 5.0 5.5 6.0 

SUPPLY VOL TAG,E (V) 

- TRANSFER FUNCTION 

FANOUT = 10 
Vee::: s.ov '2S'C ~ 

... 
VCM::: OV :->- ... ~ 

(1 ~ 
I 
1~25'c I' 

-5s"C ........ ~ 
~ 

- ---1' 
-0.4 -0.2 0.2 0.4 

DIFFERENTIAL INPUT VOLTAGE (V) 

POWER SUPPLY CURRENT 

Vee::: 5V 
TA=25"C 

O~--~----~----~----~ 
-20 -'0 +'0 +20 

COMMON-MODE VOLTAGE (V) 

COMMON-MODE VOLTAGE 
SENSITIVITY 

E 0.4 
w 

" ~ 
o 0.2 
> 
o 
5 
~ 
'" I: 
~ 

~ -0.2 

ffi 
'" ~ 
!!:: -0.4 
o 

~ -'2.'5'1. 

~. \O\l~ -0·'" ~~. 

TA'" 2S"C 
Vee::: 5V 

----

-20 -10 +10 +20 

COMMON·MODE VOLTAGE (V) 

TERMINATION RESISTANCE 

'90 -w 
U z .. 
I- '80 .. 
in 
w 

'" z 
a 170 ;:: .. 

/' 
V 

/' 
V 

........ -z 
i 
'" '60 ~ 

-75 -so -25 25 50 7S 100 125 

T A ('C) 

INTERNAL POWER DISSIPATION 

300 

Vee::: s.oy 
OUTPUT LOW 

200 ~>c---+---!----+----; 

100 f-----"'o'k----f----+--r'f---! 

-10 0 10 20 

COMMON-MODE VOLTAGE (V) 

SjgDotiCS 

~ .. 
;:: 
z 

TEMPERATURE SENSITIVI'TY 

~ -100 

C 
-150 L-1_...l.._-'--......JL-1_-'-_.1.....-I 

-75 -~ -~ a ~ ~ n 100 1~ 

TA(oe) 

INPUT CHARACTERISTICS 

Vee::: SV / 
T A = 2S"C ./ 

;c 
! 
I-

~ 
'" " -2 
0 
I-

~ -4 

/ / 
lL 

-INPUT _ ~ 
~ / 

! 
-6 / 

-, ~ +INPUT 

-'0 
-20 -10 10 20 

INPUT VOLTAGE (WITH RESPECT TO GROUND) (V) 

OUTPUT VOLTAGE LEVELS 

vdc 0 sl 

~ 
w 

LOGICAL "1" OUTPUT 
10U,1.:: -400fJ.A. 

" .. 
!:; 
a 
> 

:: ~~ 
I-

" 0.3 .. 
I-

" a 
0.2 

D.' 

~~~~ 
~ 

10- .~G\~f' ~ r~ I -I--

-75 -so -25 25 SO 7S 100 125 
TACC) 

N/F 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

DIFFERENTIAL INPUT DELAYS STROBE DELAYS NOISE REJECTION 

34 1000 
Vee::: 5V j Ycc- sv Vee 5V.,l 

V 4' 
f j TA= 2SoC 

VOIFF = ±2.5V PULSE 
I 1/ 

30 

! !. 3. 
I ./ ! J :I: ,. 

b- •• 0-:3 
34 r-- DIFFERENTIAL ,. 

STROBE TO "1" OUTPUT 2 w TO "0" OUTPUT ........ 17 ~ 
;t / c 1/ w 

~ 1 ......... / c 2' :1 100 
0- 30 w 

II 
:> 

V z V IL .. 
V 

.. 
w 0 W 0: i..---' / 0: !!! 
~ 

0- , . 0 .. 
V\ 

.. 
V ./ ] z 

C .... ~ " / ./ T~~~~~~~~I~ - ~ •• 14 ......... V STR1BE J "0"1UT1T f-"'" I I _1 ... ,. 
10 10 

-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 '5 50 75 100 125 10 100 1000 

TA(DC) TAtOC) CRESPONSE TIME CONTROL (pF) 

AC TEST CIRCUIT VOLTAGE WAVEFORM 

PULSE 
GEN. 

PULSE 
GEN. 

Ir = If= 10ns 
PRR::: 1MHz 

DIFF 
INPUT 

50 

*Includes Jig and Probe 

r---____________ ~~VCC=5V 

400 

15pF~ 1N914 

TYPICAL APPLICATIONS 

DIFF, 
INPUT 

STROBE 
INPUT 

OUTPUT 

+ 2.5V ------.r--~ ... 
ov 

-2.5V 

ov 

A = Differential input to "0" output 
B = Differential input to "1" output 
C = Strobe input to "0" output 
o = Strobe inputto "1" output 

10,000 

C1t 
0.002/.<' 

SINGLE ENDED (EIA-RS232C) 
RECEIVER WITH HYSTERESIS 

LINE DRIVER AND RECEIVER; 

1N914 

N/F 

OUTPUT 

NOTES 

tExact value depends on line length 
fVee is 4.5V to 5.5V for both the 087820 and 087830 
·Optional to control response time 
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DESCRIPTION 
The OS7830/0S8830 is a dual differential 
line driver that also performs the dual four­
input NANO or dual four-input ANO 
function. 

TTL (Transistor-Transistor-Logic) multiple 
emitter inputs allow this line driver to inter­
face with standard TTL or OTL systems. The 
differential outputs are balanced and are 
designed to drive long lengths of coaxial 
cable, strip line, ortwisted pair transmission 
lines with characteristic impedances of son 
to soon. The differential feature of the out­
put eliminates troublesome ground-loop 
errors normally associated with single-wire 
transmissions. 

OS7830/8830-F,N 

FEATURES 
• Single 5 volt power supply 
• High speed 
• Diode protected outputs for termination 

of positive and negative voltage tran­
sients 

• Diode protected inputs to prevent line 
ringing 

• Short circuit protection 
• 057830 Mil std 883A,S,C available 

EQUIVALENT SCHEMATIC 

PIN CONFIGURATION 

F,N PACKAGE 

~ ________ ~~ ____ ~~ __ ~Vcc 

2K 

Ao--+~----.J 

~-----+--~~----~-+---OVcc 

co-_-1-H 

00-_-1--1-14 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Vee 7.0 
Input voltage 5.5 
Operating temperature range 

OS7830 -55 to +125 
OS8830 o to +70 

Storage temperature range -65 to +150 
Lead temperature (soldering, 10sec) 300 

Si!lnotics 

UNIT 

V 
V 

°C 
°C 
°C 
°C 
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DS7830/8830-F,N 

ELECTRICAL CHARACTERISTICS TA = 2S0C Vcc = SV unless otherwise specified.1.2 

. ' '. ' . 

PARAMETER TEST CONDITIONS 

Logical "1" input voltage 
Logical "0" input voltage 

Logical "1" output voltage VIN = 0.8V lOUT = -0;8mA 
Logical "1" output voltage VIN = .0.8V IOuT=-40mA 
Logical "0" output voltage VIN = 2.0V lOUT =+32mA 
Logical "0" output voltage VIN = 2,OV lOUT = +40mA 
Logical "1" input current VIN = +2.4V 

Logical "1" input current VIN = S.SV 
Logical "0" input current VIN = 0.4V 

Output short circuit current2 Vec = S.OV 
Supply current Vee = S.OV VIN = S.OV 

(Each driver) 

Propagation delay AND gate tpd1 TA = 2SoC 
tpdO Vec = S.OV 

Propagation delay NAND gate tpd1 CL = 1SpF 
tpdO See Figure 1 

Differential delay tl Load, 1000 and SOOOpF 
Differential delay t2 See Figure 2 

NOTES 
1. Specifications apply for 057830 -55· C" TA" +125·C. Vee = +5V ±10%. 058830 O·C 

:5 TA::S; 70°C, Vee = +5V ±5% unless otherwise specified. 
2. Applies for TA = +125°C, only one output at a time to be shorted. 

AC TEST CIRCUIT 

t Vee is 4.5V to 5.5V for both 
1he 057820 and 057830 

tExaet value depends 
on transmission rate 

'Optional to control 
response time 

TYPICAL APPLICATION 

LINE DRIVER AND RECEIVERt 

tEX8Ct value depends on line length 
tVee is 4.5V to 5.5V for the 057820 and 057830 
"Optional to control response time 
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SWITCHING TIME WAVEFORMS 

Figure 1 

C1l .... .". 

sagnotics 

LIMITS 
UNIT 

Min Typ Max: 

2.0 V 
0.8 V 

2.4 V 
1.8 2.9 V 

0.2 0.4 V 
0.22 O.S V 

120 !J.A 

2 mA 
4.8 mA 

-40 -100 -120 mA 
11 18 mA 

8 12 ns 
11 18 ns 
8 12 ns 
S 8 ns 

12 16 ns 
12 16 ns 

1.5V 

VIN OV 

~
" --'2-. 

0"1 - OV 

VA~V8 

Figure 2 



MC1488-F,N 

DESCRIPTION PIN CONFIGURATION 
The MC1488 is a quad line driver which 

F,N PACKAGE converts standard DTLlTTL input logic lev-
els through one stage of inversion to output 
levels which meet EIA Standard No. RS-
232C and CCITT Recommendation V.24. VEE 

Vee 

FEATURES INPUT 1 INPUT 48 

• Current limited output: ±10mA Typ 
• Power-off source Impedance: 300n Min 

OUTPUT 1 INPUT4A 
• Simple slew rate control with external 

capacitor 
INPUT 2A 

• Flexible operating supply range OUTPUT 4 

• Inputs are DTL/TTL compatible 
INPUT 28 INPUT3B 

OUTPUT 2 INPUT 3A 

GNO OUTPUT 3 

ORDER PART NO. 

MC1488N/f 

CIRCUIT SCHEMATIC 

V+ 

"' "2 

01 

INPUT 
... V Q2 ~:I. 09 .... ..... 
.... ... INPUT 

02 
~Z 03 

"3 

R8 

, 7 d. OUTPUT 

r--
r-- 06 07 

~~ ~ ~ ~ ~ 08 

05 

". ..... ..., 

Q1r ~~ 01. 

':' 
VQ3 ...... 

Q • ..... 
Q5 "-..t ,..., 

"5 "6 "7 

v-

1/4 CIRCUIT 

G!!IDOtiC9 337 



ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Supply voltage V+ +15 V 
V- -15 V 

Input voltage (VIN) -15::; VIN ::; 7.0 V 
Output voltage ±15 V 
Power dissipation: 

F package 1000 mW 
N package BOO mW 

Operating temperature range a to +75 °C 
Storage temperature range -65 to +150 °C 
Lead temperature (soldering, 10sec) 300 °C 

DC ELECTRICAL CHARACTERISTICS V+ = +9.0V ± 1%, V- = -9.0V ± 1%, TA = O°C to +75°C 
unless otherwise specified. 
All typicals are for V+ = 9.0V, V- = -9.0V, and TA = 25°C,* 

PARAMETER TEST CONDITIONS 

Logic "a" input current VIN = OV 
Logic "1" input current VIN = +5.0V 

V+-9.0V 
RL = 3.0kO V- = -9.0V 

High level output voltage 
VIN = O.BV V+ = 13.2V 

V- = -13.2V 

V+ = 9.0V 
RL = 3.0kO V- = -9.0V 

Low level output voltage VIN = 1.9V V+ = 13.2V 
V- = -13.2V 

High level output VOUT = OV 
Short-circuit current VIN =O.BV 
Low level output VOUT = OV 
Short-circuit current VIN = 1.9V 

Output resistance 
V+ = V- = OV 
VOUT =±2V 

V+ = 9.0V, V- = -9.0V 
VIN = 1.9V V+ = 12V, V- = -12V 

Positive supply current 
V+ = 15V, V- = -15V 

(output open) V+ - 9.0V, V- - -9.0V 
VIN = O.BV V+ = 12V, V- = -12V 

V+ = 15V, V- = -15V 

V+ - 9.0V, V- - -9.0Y 
VIN = 1.9V V+ = 12V, V- = -12V 

Negative supply current 
V+ = 15V, V- = -15V 

(output open) V+ = 9.0V, V-=-9.0V 
VIN = O.BV V+ = 12V, V- = -12V 

V+ = 15V, V- = -15V 

Power dissipation 
V+ - 9.0V, V- - -9.0V 
V+ = 12V, V- = -12V 

Propagation delay to "1" (tpd1) RL = 3.0kO, CL = 15pF, TA = 25°C 
Propagation delay to "0" (tpdO) RL = 3.0kO, CL = 15pF, TA = 25°C 
Rise time (tr) RL = 3.0kO, CL = 15pF, TA = 25°C 
Fall time (tf) RL = 3.0kO, CL = 15pF, TA = 25°C 

NOTE 
*Voltage values shown are with respect to network ground terminal. Positive current is 
defined as current into the referenced pin. 
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LIMITS 

Min Typ 

-1.0 
.005 

6.0 7.0 

9.0 10.5 

-6.0 -6.B 

-9.0 -10.5 

-6.0 -10.0 

6.0 10.0 

300 

15.0 
19.0 
25.0 

4.5 
5.5 
B.O 

-13.0 
-1B.0 
-25.0 

-1 
-1 

-.01 

252 
444 
275 
70 
75 
40 

MC14BB-F,N 

UNIT 
Max 

-1.6 mA 
10.0 ./JA 

V 

V 

V 

V 

-12.0 mA 

12.0 mA 

0 

20.0 mA 
25.0 mA 
34.0 mA 

6.0 mA 
7.0 mA 
12.0 mA 

-17.0 mA 
-23.0 mA 
-34.0 rnA 

-15 /JA 
-15 /JA 
-2.5 mA 

333 mW 
576 mW 
350 ns 
175 ns 
100 ns 
75 ns 



MC1488-F,N 

TYPICAL PERFORMANCE CHARACTERISTICS 

OUTPUT VOLTAGE AND 
CURRENT-LIMITING 
CHARACTERISTICS 

IS 

I. I.l. 
i 

, 
.. 1\ Y+=12Y 
z 
W 
0: \ 1\ v+= 9V'\V-'" -12Y 
0: 

" U \ V-=-9V \ .. 
" 

1\ \ \ -3 
I!: 
" -6 \\ \ \ 
0 

2 -9 ~ , 
-I' 

-IS ~llb \ 
-

-16 -12 -8 -4 12 16 

Yo OUTPUT VOLTAGE (V) 

AC LOAD CIRCUIT 

VINirYOUT 

3K .". J ISp" 

NOTE 

·Cl includes probe and jig capacitance. 

SWITCHING WAVEFORMS 

J, I.SV \-----3.0V 
YIN -I I OV 

--t'Pd0r-- -llpd 1 r-
VOUT~ V-
~ 

NOTE 

tr and tf are measured 
between 10% and 90% 
of the output waveform 

.---------------------------------------------------, 
RS232C DATA TRANSMISSION 

NOTE 

TtL/OTL --f'"_ 
=::t ..... p-

1/4MC1488 

...A-....... -
-""""\ to-

-j--

INTERFACE DATA 
TERMINAL 
EQUIPMENT 

"Optional for noise filtering 

APPLICATIONS 
By connecting a capacitor to each driver 
output the slew rate can be control/ed utiliz­
ing the output current limiting characteris­
tics of the MC1488. For a set slew rate the 
appropriate capacitor value may be calcu­
lated using the fol/owing relationship 

C = Isc (d.T/d.V) 

where C is the required capacitor, Isc is the 
short circuit current value, and f!NI AT is the 
slew rate. 

RS232C specifies that the output slew rate 
must not exceed 30V per microsecond. 
Using the worst case output short circuit 
current of 12mA in the above equation, 
calculations result in a required capacitor of 
400pF connected to each output. 

1/4MC1489/ 
MC1489A ,-JL/DTL 

- ....... -_::t_Jo--

MODEM 

TYPICAL APPLICATIONS 

DTLlTTL-TO-MOS TRANSLATOR 

DTLlTTL 
INPUT 

+12V 

-12V -12V 

DTLlTTL-TO-HTL TRANSLATOR 

OTL/TTL 
INPUT 

+12V 

-12Y 

DTLITTL-TO-RTL TRANSLATOR 

+12Y 

DTL/TTL RTL OUTPUT 
INPUT -0.7V TO + 3.7V 

-12V +3.0V 

SinOOliCS 339 
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DESCRIPTION 
The MC1489/MC1489A are quad line re­
ceivers designed to interface data terminal 
equipment with data communications 
equipment. They are constructed on a 
single monolithic silicon chip. These de­
vices satisfy the specifications of EIA stand-
ard No. RS232C. . 

FEATURES 
• Four totally separate receivers per pack-

age 
• Programmable threshold 
• Built-In input threshold hysteresis 
• "Fail safe" operating mode 
• Inputs withstand ±30V 

EQUIVALENT SCHEMATIC 

(1/4 OF UNIT SHOWN) 

9K 

4K 

INPUT 0----'l/1li.--.--'--,.-[. 

10K 

PIN CONFIGURATION 

INPUT 1 

RESPONSE 
CONTROL 1 

OUTPUT 1 

INPUT 2 

RESPONSE 
CONTROL 2 

OUTPUT 2 

GND 

F,N PACKAGE 

ORDER PART NO. 

14 Vee 

INPUT 4 

RESPONSE 
CONTROL 4 

I!lPUT3 

RESPONSE 
CCNTROl3 

MC1489F/MC1489AF/MC1489N/MC1489AN 

5K 2K 

OUTPUT 

AC TEST CIRCUIT 

RESPONSE 
CONTROL 

::: OPEN OUTPUT Vee 

MC1489/1489-N/F 

~--+---+--+---+~OGND 

MCl489: RF = 10k 
MCl489A: RF = 2k 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Power supply voltage 
Input voltage range 
Output load current 
Power dissipation: 

F package 
N package 

Operating temperature range 
Storage temperature range 

340 

RATING 

10 
±30 
20 

1 
800 

o to +75 
-65 to +150 

SmootiCS 

UNIT 

V 
V 

mA 

W 
mW 
·C 
·C 

VOLTAGE WAVEFORMS 

50% 
~ 

____ 3V 

INPUT I I DV -II-II -11-" OUTPut 

c= 
90% 

1.5V 



MC1489/1489-N/F 

DC ELECTRICAL CHARACTERISTICS Vee = 5.0V ± 1%. O°C $ TA $ +75°C unless otherwise specified.1,2 

PARAMETER TEST CONDITIONS 

Input high threshold voltage TA = 25°C. VOUT $ 0.45V. 
lOUT = 10mA 

Input low threshold voltage TA = 25°C. VOUT $ 2.5V. 
lOUT = -0.5mA 

VIN =+25V 
VIN = -25V 

Input current VIN = +3V 
VIN = -3V 

Output high voltage VIN = 0.75V. lOUT = -O.SmA 
Input = Open, lOUT = -0.5mA 

Output low voltage VIN = 3.0V. lOUT = 10mA 

Output short circuit current VIN = 0.75V 
Supply current VIN = 5.0V 

Power dissipation VIN = 5.0V 

NOTES 
1. Voltage values shown are with respect to network ground terminal. Positive currentis 

defined as current into the referenced pin. 
2. These specifications apply for response control pin = open. 

MC1489 

Min Typ 

1.0 

0.75 

+3.6 +5.6 
-3.6 -S.6 

+0.43 +0.53 
-0.43 -0.53 

2.6 3.8 
2.6 3.8 

0.33 

3.0 
20 

100 

MC1489A 
UNIT 

Max Min Typ Max 

1.5 1.75 2.25 V 

1.25 0.75 1.25 V 

+8.3 +3.6 +S.6 +8.3 
mA 

-8.3 -3.6 -5.6 -8.3 

+0.43 +0.53 mA 
-0.43 -0.53 

5.0 2.6 3.8 5.0 V 
5.0 2.6 3.8 5.0 V 
0.45 0.33 0.45 V 

3.0 mA 
26 20 26 mA 

130 100 130 mW 

AC ELECTRICAL CHARACTERISTICS Vee = S.OV ± 1%. TA = 25°C unless otherwise specified.1,2 

PARAMETER TEST CONDITIONS 

Input to output "high" RL = 3.9kO (AC test circuit) 
Propagation delay (tpd1) 
Input to output "low" RL = 3900 (AC test circuit) 
Propagation delay (tpdO) 

Output rise time RL = 3.9kO (AC test circuit) 
Output fall time RL = 3900 (AC test circuit) 

NOTES 
1. Voltage values shown arB with respect to network ground terminal. Positive current is 

defined as current into the referenced pin. 
2. These specifications apply for response control pin = open. 

TYPICAL APPLICATIONS 

RS232C DATA TRANSMISSION 

1/4MC1489! 
1/4MC1488 MC1489A TTL/DTL TTL/OTl 

--r"-" 
=::t. ...... p- ~--+------.~-----+---i~r--=r-")J--

- ....... -

TTL/OTL 

--<J(-j:-
-,j--

INTERFACE DATA 
TERMINAL 
EQUIPMENT 

1/4MC1489/ 
MC1489A 

*Optional for noise filtering 

INTERCONNECTING 
CABLE 

SIGNAL GROUND 

TTl/DTl 

--a."-1:= 
-,j--

1/4MC1488 

MODEM 

9i!1DDliG9 

MC1489 MC1489A 
UNIT 

Min Typ Max Min Typ Max 

25 85 25 85 ns 

20 50 20 50 ns 

110 175 110 175 ns 
9 20 9 20 ns 

MOS TO TTL/DTL TRANSLATOR 

5V 

r---,J TTl/DTL 

I MOS LOGIC -r-[:' 
L-__ .-J I 

1/4 Me 14891 I _[ .. , 
Me 1489A r 

I ,., 

b 
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DESCRIPTION 
The UDN 5711 series of dual peripheral 
drivers have high voltage (SOV) and high 
current (300mA) NPN output transistors. In 
addition an overshoot clamp diode is pro­
vided for each output collector for use when 
switching inductive loads. 

A choice of AND, NAND, OR and NOR logic 
functions comprise the four device types in 
the series. 

In use care must be taken to insure that the 
absolute maximum junction temperature 
rating is not exceeded due to excessive 
power dissipation; particularly when 
switching capacitive or inductive loads at 
high frequencies. 

FEATURES 
• Four logic functions 
• DTLITTL/PMOS/CMOS compatible in­

puts 
• Low input current loading 
• 80V output breakdown 

APPLICATIONS 
• Relay drivers 
• Lamp drivers 
• LED drivers 
• High current triac trigger 
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PIN CONFIGURATIONS 

SmOlliDS 

DUAL AND DRIVER 
UDN 5711 

DUAL NAND DRIVER 
UDN 5712 

DUAL OR DRIVER 
UDN 5713 

DUAL NOR DRIVER 
UDN 5714 

UDN5711/5712/5713/5714-N 



BLOCK DIAGRAMS 

UDN 5711 
.--I>t---_-o Vs 

AI VI 

A2 
V2 

UDN 5713 
r--D~--_-o Vs 

AI VI 

A2 V2 

EQUIVALENT CIRCUIT 

UDN 5711 

Vee 
Rl R2 R4 
4K 1.6K '.0 

06 

A 

Ql 

R' AS 
lK soo 

GND 

UDN 5712 

R6 AI A2 
vee 

A4 
4K 4K 1.SK 130 

A 

smAoties 

AI 

A. 

AI 

A2 

Vs 

Vs 

UDN5711/5712/5713/5714-N 

UDN 5712 
Vs 

VI 

V2 

UDN 5714 
.--I>t---_-o Vs 

VI 

V. 
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EQUIVALENT CIRCUIT (Cont'd) 

Rl 
4. 

A 

D2 

Rl 
4' 

A 

D1 02 

NOTE 
One circuit only shown 

R2 
1.6k 

"3 ,. 

R7 
3.2K 

"3 
lK 

UDN 5713 

R6 "4 
Vee 

4K 130 

GND 

UDN 5714 

"6 R4 

4K 13. 

ABSOLUTE MAXIMUM RATINGS at 25DC unless otherwise stated, 

PARAMETER RATING 

Vee Supply voltage 
Continuous 7 
Momentary (1 second) 15 

VIN Input voltage 30 
VOUT Output voltage (off state) 80 
lOUT Output current 600 
Vs Suppression diode 80 

reverse voltage 
Is Suppression diode 600 

forward current 
Po Power dissipation' 750 
TA Operating temperature range o to 70 
Tstg Storage temperature range -65 to 150 

Lead soldering temperature 300 
(10 seconds) 

NOTE 
·The maximum junction is 150°C. Derate at 162°C/watt above 25°C. 
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UDN5711/5712/5713/S714-N 

Vs 

vee 

Vs 

GND 

UNIT 

V 
V 
V 
V 

mA 
V 

mA 

mW 
D,C 
DC 
DC 



UDN5711/5712/5713/5714-N 

DC ELECTRICAL CHARACTERISTICS O°C:5 TA:5 B5°C unless otherwise specified. 

LIMITS 
PARAMETER TEST CONDITIONS 

Min Typ Max 
UNIT 

Vee Supply voltage range 4.75 5.00 5.25 V 
VIH Logical "1" input voltage Vee - 4.75V 2.0 V 
VIL Logical "0" input voltage 'Vee = 4.75V O.B V 
VI Input clamp voltage Vee = 4.75V, TA = 25°C, II = -12mA -1.2 -1.5 V 

IrH Logical "1" input current Vee = 5.25V, VIN = 30V 
except stobe Vstrobe = OV 1 10 p.A 

IrH Logical "1" input current Vee = 5.25V, Vstrobe= 30V 
at strobe VIN = OV 2 20 p.A 

IlL Logical "0" input current Vee = 5.25V, VIN = O.4V 
except strobe Vstrobe = 30V -50 -100 p.A 

IlL Logical "0" input current Vee = 5.25V, Vstrobe = O.4V 
at strobe VIN = 30V -100 -200 p.A 

lOUT Output current UDN 5711/5713 - VIN = O.BV 300 mA 
UDN 5712/5714 - VIN = 2.0V 

IOH Output leakage current VIN = 2.0V (UDN 5711/5713) 
VIN = O.BV (UDN 5712/5714) 

VOH = BOV, Vee = 5.25V 100 p.A 
Vee = open 100 p.A 

VOL Output low voltage VIN = O.BV (UDN 5711/5713) 
VIN = 2.0V (UDN 5712/5714) 
Vee = 4.75V, IOL = 150mA 0.35 0.50 V 

IOL = 300mA 0.50 0.70 V 

lLo Diode leakage current VIN = OV (UDN 5711/5713) 
VIN = 5V (UDN 5712/5714) 

Vee = 5V, VLO = BOV, TA = 25°C 200 p.A 

VFD Diode forward voltage IFO = 300mA, TA = 25°C 1.5 1.75 V 

leeH Supply current with Vee = 5.25V, TA = 25°C 
outputs high UDN 5711 VIN = 5V B 12 mA 

UDN 5712 VIN = OV 12 15 mA 

UDN 5713 VIN = 5V B 13 mA 
UDN 5714 VIN =OV 12 15 mA 

leeL Supply current Vee = 5.25V, TA = 25°C 
with outputs low UDN 5711 VIN = OV 35 49 mA 

UDN 5712 VIN = 5V 40 53 mA 
UDN 5713 VIN = OV 36 50 mA 
UDN 5714 VIN = 5V 40 50 mA 

AC ELECTRICAL CHARACTERISTICS 

LIMITS 
PARAMETER TEST CONDITIONS Min Typ Max UNIT 

TPLH Propagation delay Vs = 70V, RL = 4650 
time, low-to-high output CL = 15pF 500 ns 

TPHL Propagation delay Vs = 70V, RL = 4650 
time, high-to-Iow output CL = 15pF 750 ns 
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TEST LOAD CIRCUITS 

PROPAGATION DELAY MEASUREMENT 

5Y 

50n son 

NOTES 

1. CL includes probe and jig capacitances. 
2, Unused inputs held at 2.4V, 

VOLTAGE WAVEFORMS 

O.U.T. 

PROPAGATION DELAY MEASUREMENT 

V," = OV 
V'H = 3,5V 
tr= 14n8 
tt= 7ns 

UDN 5711 

UDN 5713 

UDN 5712 

UDN 5714 

PRR = 500kHz 
Tpw= 1". 

-h/- -jl, /-
i------i 90% 

50% 

10% 

50% 

10% 

50% 
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DESCRIPTION 
The 75S107 is a high speed dual line receiv­
er that is functionally equivalent and pin 
compatible to the SN751 07 A. If features less 
than 17ns propagation delay without sacri­
ficing input performance characteristics. 
This is accomplished through the utilization 
of Schottky technology. 

The 75S107 maintains ±3V common mode 
voltage range, 7.5mV input offset voltage 
and 5!,A offset current. It also features STTL 
compatible output levels with a minimum 
sink/source capability of 10 Schottky gate 
loads. 

EQUIVALENT SCHEMATIC 

FEATURES 
• Functionally equivalent and pin compati­

ble to SN75107A 
• 17ns maximum guaranteed propagation 

delay 
• 20!,A maximum input bias current 
• STTL compatible strobes and outputs 
• Large common mode input voltage range 
• Operates from standard supply voltages 

APPLICATIONS 
• MOS memory sense amp 
• AID conversion 
• High speed line receiver 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Positive supply voltage (V+) 
Negative supply voltage (V-) 
Differential input voltage 
Common mode input voltage 
Strobe/gate input voltage 
Power dissipation 
Operating temperature range 
Storage temperature range 
Lead temperature (soldering 60sec) 

PIN CONFIGURATION 

INPut 
1A 

INPUT 
10 

OUTPUT 
1Y 

STROBE 
1G 

STROBE 
S 

F,N PACKAGE 

75S107-F,N 

y+ 

y-

INPUT 
2A 

INPUT 
20 

NC 

OUTPUT 
2Y 

L---....,f"'iil STAOOE 
2G 

RATING UNIT 

+7 V 
-7 V 
±6 V 
±5 V 

+5.5 V 
600 mW 

o to +70 °C 
-65 to +150 °C 

+300 °C 

14~~---~-~------~------~-----------~----~---------r------, 

13~---~-~----~~+-~~--~---; 

12o----~---_, 

11 
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ELECTRICAL CHARACTERISTICS TA = 0 to +70°C, v+ = +5.00, V- = -5.00 unless otherwise specified. 

PARAMETER 

AMPLIFIER INPUT 
Input offset voltage 

Input bias current @ 25°C 
over temp. range 

Input offset current @ 25°C 
over temp. range 
Input common mode voltage range 
Input resistance 
Input capacitance 

Voltage gain 

SCHOTTKY GATE/OUTPUT CHARACTERISTICS 
IIH High level input current into 1 G or 2G strobe 

hH High level input current into common strobe S 

IlL Low level input current into 1 G or 2G 

hL Low level input current into common strobe S 

VOH High level output voltage 

VOL Low level output voltage 

POWER SUPPLY REQUIREMENTS 
Supply voltage 

V+ 
V-

Icc+ Supply current 
Icc-

los Short circuit 
output current 

LARGE SIGNAL SWITCHING SPEED 
TpLH (D) Low to high propagation delay from amp 

inputs to output1 

TpHL (D) High to low propagation delay from amps 
inputs to output1 

TpLH (S) Low to high propagation delay from strobes 
input to output2 

TpHL (S) High to low propagation delay strobe 
input to output2 

Maximum operating frequency 

NOTES 

1. Response time measured from OV point of ±100mVp_p 10MHz square wave to the 1.5 
point of the output. 

2. Response time measured from 1.5V pOint to input to 1.5V pOint of output. 
3. Response time measured from the start of a 100rnV input step with 5mV overdrive to 

the 1.5V point of the output. 

TEST CONDITIONS 

V+ = 4.75, V- = -4.75 

V+ = 5.25, V- = -5.25 
V+ = 5.25, V- = -5.25 

V+ - 5.25, V- - -5.25 
V+ = 5.25, V- = -5.25 
V+ - 4.75, V- - -4.75 

V+ = 5.25, V- = -5.25 
VIH = 2.7V 
VIH = 5.5V 

V+ = 5.25, V- = -5.25 
VIH = 2.7V 
VIH = 5.5V 

V+ = 5.25, V- = -5.25 
VIL = 0.5V 

V+ = 5.25, V- = -5.25 
VIL = 0.5V 

V+ = 4.75V, VI(S) = 2.0V 
V- = -4.75V 

ILOAD = -1mA 

V+ = 4.75 
V- = -4.75 

ILOAD = 20mA 
VI(S) = 2.0V 

V+=5.25V 
V- = -5.25V 
TA = 25°C 

V+-+5.25 
V- = -5.25 

RL = 2800 CL = 15pF 
TA = 25°C 

RL = 2800 CL = 15pF 
TA = 25°C 

RL = 2800 CL = 15pF 
TA = 25°C 

RL= 2800 CL = 15pF 
TA = 25°C 

RL - 2800 CL - 15pF 
TA = 25°C 
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75S107 

Min Typ 

7.5 

1.0 

±3 
4 
3 

5 

2.7 3.4 

4.75 5.00 
-4.75 -5.00 

20 
-11 

-40 

12 

9 

4.5 

3.0 

40 55 

75S107-F,N 

UNIT 
Max 

25 mV 

20 p.A 
40 /J.A 

5 p.A 
12 p.A 

V 
kO 

6 pF 

V/mV 

50 p.A 
1 rnA 

100 p.A 
2 rnA 

-2.0 rnA 

-4.0 rnA 

V 

0.5 V 

5.25 V 
-5.25 V 

30 rnA 
-15 rnA 

-100 rnA 

17 ns 

13 ns 

6 ns 

4.5 ns 

MHz 



TYPICAL PERFORMANCE CHARACTERISTICS 
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DESCRIPTION 
The 75S108 isa high speed dual line receiv­
er that is fum;tionally equivalent and pin 
compatible to the SN75108N.lt features less 
than'17ns propagation delay without sacri­
ficing input performance characteristics. 
This is accomplished through the utilization 
of Schottky technology. 

The 75S108 maintains ±3V common mode 
voltage range, 7.5mV input offset voltage 
and 5,.A offset current. It also features STTL 
compatible output levels with an open col­
lector configuration for wired-AND logic 
appl ications. 

EQUIVALENT SCHEMATIC 

FEATURES 
• Functionally equivalent and pin compati­

ble to SN75108A 
• 17ns maximum guaranteed propagation 

delay 
• 20ILA maximum input bias current 
• TTL compatible strobes and outputs 
• Open collector outputs 
• Large common mode input voltage range 
• Operates from standard supply voltages 

APPLICATIONS 
• High speed line receiver 
• MOS memory sense amp 
• AID conversion 

PIN CONFIGURATION 

INPUT 
lA 

INPUT 
19 

OUTPUT 
IV 

STROBE 
lG 

STROBE 
S 

F,N PACKAGE 

75S108-F,N 

v+ 

v-

INPUT 
2A 

INPUT 
29 

Ne 

OUTPUT 
2V 

14o---------~--~~----------~----------~--------------------~r_------~--------------------__, 

R21 

R22 

13O-------~--~--------_4r_+-~~----~----_+ 

12o-------+-____ ~, 

11 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Positive supply voltage (V+) +7 V 
Negative supply voltage (V-) -7 V 
Differential input voltage ±6 V 
Common mode input voltage ±5 V 
Strobe gate input voltage +5.5 V 
Power dissipation 600 mW 
Operating temperature range o to 70 ·C 
Storage temperature range -65 to +150 ·C 
Lead temperature (soldering 60 sec) +300 ·C 
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ELECTRICAL CHARACTERISTICS TA = 0 to 70°C, V+ = +5.00, V- = -5.00 unless otherwise specified. 

PARAMETER TEST CONDITIONS 

AMPLIFIER INPUT 
Input offset voltage V+ = 4.75, V- = -4.75 

Input bias current @ 25°C over temp range V+ = 5.25, V- = -5.25 
V+ = 5.25, V- = -5.25 

Input offset current @ 25°C over temp range V+ = 5.25, V- = -5.25 
V+ = 5.25, V- = -5.25 

Input common mode voltage range V+ = 4.75, V- = -4.75 
Input resistance 
Input capacitance 

Voltage gain 

SCHOTTKY GATE/OUTPUT CHARACTERISTICS 
IIH High level input current into 1 G or 2G strobe V+ = 5.25, V- = -5.25 

VIH = 2.7V 
VIH = 5.5V 

IIH High level input current into common strobe S V+ = 5.25, V- = -5.25 
VIH = 2.7V 
VIH == 5.5V 

ilL Low level input current V+ = 5.25, V- = -5.25 
into 1G or 2G VIL = 0.5V 

IlL Low level input current into common strobe S V+ = 5.25, V- = -5.25 
VIL =0.5V 

VOL Low level output voltage V+ = 4.75, VI (S) = 2.0V 
V- = -4.75 

ILOAD = 20mA 

IOH High level output current Vcc+ = 5.25V 
Vcc- = -5.25V 

VOH = 5.25V 

POWER SUPPLY REQUIREMENTS 
Supply voltage 
V+ 
V-

Supply current V+ = 5.25V 
V- = -5.25V 
TA = 25°C 

Icc+ 
Icc-

LARGE SIGNAL SWITCHING SPEED 
T pLH (0) Low to high propagation delay RL = 2800 CL = 15pF 
from amp inputs to output1 TA = 25°C 

T pHL (0) High to low propagation delay RL = 2800 CL= 15pF 
from amp inputs to output1 TA = 25°C 

T pLH (S) Low to high propagation delay RL = 2800 CL = 15pF 
from strobes input to output2 TA 25°C 

T pHL (S) High to low propagation delay RL = 2800 CL = 15pF 
strobe input to output2 TA = 25°C 

Maximum operating frequency RL = 2800 CL= 15pF 
TA = 25°C 

NOTES: 

1. Response time measured from OV point of ±10a mVp_p 10MHz square wave to the 1.5 
point of the output. 

2. Response time measured from 1.5V point of input to 1.5V point of output. 
3. Response time measured from the start of a 100mV Input step with SmV overdrive to 

the 1.5V point of the output. 
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75S108 

Min Typ Max 

25 

7.5 20 
40 

1.0 5 
12 

±3 ±3 
4 
3 6 

5 

50 
1 

100 
2 

-2.0 

-4.0 

0.5 

250 

4.75 5.00 5.25 
-4.75 -5.00 -5.25 

20 30 
-11 -15 

12 17 

9 13 

6 10 

5 8 

25 35 

75S108-F,N 

UNIT 

mV 

p.A 
p.A 

p.A 
p.A 

V 
kO 
pF 

V/mV 

p.A 
mA 

p.A 
mA 

mA 

mA 

V 

p.A 

V 
V 

mA 
mA 

ns 

ns 

ns 

ns 

MHz 

351 



TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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DESCRIPTION 
Series 55450B175450B dual peripheral driv­
ers are a family of versatile devices designed 
for use in systems that employ TTL or DTL 
logic. The 55450B/75450B family is func­
tionally interchangeable with and replaces 
the 75450 family and the 75450A family 
devices manufactured previously. The 
speed of the 55450B175450B family is equal 
to that of the 75450 family and a test to 
ensure freedom from latch-up has been 
added. Diode-clamped inputs simplify cir­
cuit design. Typical applications include 
high-speed logic buffers, power drivers, 
relay drivers, lamp drivers, MOSdrivers, line 
drivers, and memory drivers. Series 55450B 
drivers are characterized for operation over 
the full military temperature range of -55° C 
to 125°C; Series 75450B drivers are charac­
terized for operation from 0° C to 70° C. 

The 55450B and 75450B are unique general­
purpose devices each featuring two stand­
ard Series 54/74 TTL gates and two uncom­
mitted, high-current, high-voltage n-p-n 
transistors. These devices offer the system 
designer the flexibility of tailoring the circuit 
to the application. 

The 55451 B/75451 B, 55452B/75452B, 
55453B175453B, and 55454B175454B are 

FEATURES 
• 300mA output current capability 
• High voltage outputs 
• No output latch up at 20V 
• High speed switching 
• Circuit flexibility for varied applications 
• TTL or OTL compatible diode-clamped 

inputs 
• Standard supply voltages 

TRUTH TABLE (55/75450B and 

55175451 B) 

A B Y 

L L L (on state) 
L H L (on state) 
H L L (on state) 
H H H (off state) 

TRUTH TABLE (55/75452B) 

A B Y 

L L H (off state) 
L H H (off state) 
H L H (off state) 
H H L (on state) 

dual peripheral AND, NAND, OR, and NOR TRUTH TABLE (55175453B) 
drivers, respectively, (assuming positive 
logic) with the output of the logic gates 
internally connected to the bases of the 
n-p-n output transistors. 

354 

A B Y 

L L L (on state) 
L H H (off state) 
H L H (off state) 
H H H (off state) 

TRUTH TABLE (55175454B) 

A B Y 

L L H (off state) 
L H L (on state) 
H L L (on state) 
H H L (on state) 

segnaties 

55175450B-F,N • 55/75451 B/2B/3B/4B-N,T 

PIN CONFIGURATIONS 

18 

F,N PACAGE 

ORDER PART NO. 
5517754508 

T PACKAGE 

Vee 

GND 

2A 

Pin 4 is in electrical contact with the case 

ORDER PART NO. 
551754518 
55/754528 
55/754538 
551754548 

N PACKAGE 

positive logic: Y == AB 



SS/7S4S0B/4S1B/4S2B245387~ 

55/75450B-F.N • 55/75451 B/2B/3B/4B-N.T 

EQUIVALENT SCHEMATICS 

551754508 

2A 

4Kn 4Kn 

1.6Kll 1.6KB 

130n 130Il 

GND 1£ Vee 

551754518 

,...------1'--.,....----_o Vee 

8 o-+-~ 

t--~---.-..--~-+--~_o GND 

551754528 

,...----...,....----~--...,....-----oVee 

4K 1.SK 1.6K 130 

A o---1p---oF 

8 0----11----+ 

1K 1K 500 

t---~---+_-~~--~--+_~-_+-_oGND 

9i!1DOliC9 355 



55n5450B-F,N • 55/75451 B/2B/3B/4B-N,T 

EQUIVALENT SCHEMATICS 

55n5453B 

r---------~--------~----~---------Ovcc 

4K UK 4K 130 

. A 0--.---' 

lK lK 500 

~--~------~------------~--~--~--~---+-oGND 
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55/75450B-F,N • 55/75451 B/2B/3B/4B-N,T 

ABSOLUTE MAXIMUM RATINGS TA = 25°C unless otherwise specified. 

554548 754548 

PARAMETER 554508 754508 554538 754538 UNIT 
554528 754528 
554518 754518 

Supply voltage, VCC1 7 7 7 7 V 
Input voltage 5.5 5.5 5.5 5.5 V 
Interemitter voltage2 5.5 5.5 5.5 5.5 V 
Vcc-to-substrate voltage 35 35 V 
Collector-to-substrate voltage 35 35 V 
Collector-base voltage 35 35 V 
Collector-emitter voltage3 30 30 V 
Emitter-base voltage 5 5 V 
Output voltage4 30 30 V 
Collector current5 300 300 mA 
Output currentS 300 300 mA 
Continuous total dissipation at 800 800 800 800 mW 
(or below) 25° C free-air 
temperatureS 
Operating free-air temperature range -55 to 125 o to 70 -55 to 125 o to 70 °C 
Storage temperature range -65 to 150 -65 to 150 -65 to 150 -65 to 150 °C 
Lead temperature 1/16 inch from 300 300 300 300 °C 
case for 60 seconds F or T package 
Lead temperature 1/16 inch from 260 260 260 260 °C 
case for 10 seconds N package 

NOTES 
1, Voltage values are with respect to network ground terminal unless otherwise 

specified, 
2. This is the voltage between two emitters of a multiple-emitter transiter. 

5. Both halves of these dual circuits may conduct rated current simultaneously; however, 
power dissipation averaged over a short time interval must fal/ within the continuous 
dissipation rating. 

3. This value applies when the base-emitter resistance IRBE' is equal to or less than SOOil. 
4. This Is the maximum voltage which should be applied to any output when itis intheoff 

state. 

6. For operation above 25D C free-air temperature, refer to Dissipation Derating Curve, 
Figure 20. This rating for the T package requires a heat sink that provides a thermal 
resistance from case to free-air, RecA. of not more than 95°CIW. 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, VCC = 5V unless otherwise specified. 

554508 754508 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

V(BR)CBO Collector-base break- Ic = 100!'A; IE = 0 35 35 V 
down voltage 

V(BR)CER Collector-emitter Ic = 100!,A, ABE = 500n 30 30 V 
breakdown voltage 

V(BR)EBO Emitter-base IE = 100!,A, Ic = 0 5 5 V 
breakdown voltage 

hFE Static forward current VCE = 3V, Ic = 100mA 25 25 
transfer ratio 

hFE Static forward cu rrent VCE = 3V, Ic = 300mA 30 30 
transfer ratio 

hFE Static forward current VCE = 3V, Ic = 100mA 10 
transfer ratio 

hFE Static forward cu rrent VCE = 3V, Ic = 300mA 15 
transfer ratio 

hFE Static forward current VCE = 3V, Ic = 100mA 20 
transfer ratio 

hFE Static forward current VCE = 3V, Ic = 300mA 25 
transfer ratio 

VBE Base-emitter voltage 18 = 10mA, Ic = 100mA 0.85 1.2 0.85 1 V 
VBE Base-emitter voltage 18 = 30mA, Ic = 300mA 1.05 1.4 1.05 1.2 V 

VCE(SAT) Collector-emitter 18 = 10mA, Ic = 100mA 0.25 0.5 0.25 0.4 V 
satu ration voltage 

VCE(SAT) Collector-emitter IB = 30mA, Ic = 300mA 0.5 0.8 0.5 0.7 V 
saturation voltage 
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55175450B-F,N • 55175451 B/2B/3B/4B-N,T 

DC ELECTRICAL CHARACTERISTICS (Cont'd) TA = 25°C Vee = 5V unless otherwise specified .. 

PARAMETER TEST CONDITIONS 

VIH High-level input voltage 
VIL Low-level input voltage 

VI Input clamp voltage Vee = 4.5V Ii = -12mA 
VI Input clamp voltage Vee = 4.75V II = -12mA 

VOH High-level output voltage Vee = 4.SV VIL = 0.8V 
10H = -:4OO!LA 

VOH High-level output voltage Vee = 4.75V VIL = 0.8V 
10H = -400~ 

VOL Low-level output voltage Vee = 4.5V VIH = 2V 
10L = 16mA 

VOL Low-level output voltage Vee = 4.75V VIH = 2V 
10L = 16mA 

II Input current at maxi- InputA Vee = 5.5V VI = 5.5V 
mum input voltage InputG 

II Input current at maxi- InputA Vee = 5.25V VI = 5.5V 
mum input voltage InputG 

IH High level InputA Vee = 5.5V VI = 2.4V 
input current InputG 

IH High level InputA Vee = 5.25V VI = 2.4V 
input current InputG 

ilL Low-level InputA Vee - 5.SV VI - O.4V 
input current InputG 

ilL Low-level InputA Vee = 5.25V VI = 0.4V 
input current InputG 

los Short-circuit output Vee = 5.5V 
current 2 

los Short-circuit output Vee = 5.25V 
current 2 

leeH Supply current, Vee = 5.5V VI = 0 
outputs high 

leeH Supply current, Vee = 5.25V VI = 0 
outputs high 

leeL Supply current, Vee = 5.5V VI = 5V 
outputs low 

leeL Supply current, Vee = 5.25V VI = SV 
outputs low 

NOTES 

1. Electrical characteristics over recommended operating free-air temperature range 
(unless otherwise specified), 

2. Not more than one output should be shorted at a time. 

358 S!!Inotics 

55450B 75450B 
UNIT 

Min Typ Max Min Typ Max 

2 2 V 
0.8 0.8 V 

1.5 V 
1.5 V 

2.4 3.3 V 

2.4 3.3 V 

0.22 0.5 V 

0.22 0.4 V 

1 
2 mA 

1 
2 mA 

40 
80 !LA 

40 
80 !LA 

-1.6 
-3.2 mA 

-1.6 
-3.2 mA 

-18 -'55 mA 

-18 -55 mA 

2 4 mA 

2 4 mA 

6 11 mA 

6 11 mA 



DUAE PERIPflERAE DRIVER 55/7545DB/451B/452B'453_ 

55/754508-F,N • 55/754518/28/38/48-N,T 

DC ELECTRICAL CHARACTERISTICS (Cont'd) TA = 25°C, Vee = 5V unless otherwise specified. 

55451 75451 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

VIH High-level input voltage 2 2 V 
VIL Low-level input voltage 0.8 0.8 V 

VI Input clamp voltage Vee = 4.5V 'I = -12mA -1.5 V 
VI Input clamp voltage Vee = 4.75V II = -12mA 1.5 

IOH High-level output current Vee - 4.5V, VIH - 2V, VOH = 30V 300 J.I.A 
IOH High-level output current Vee = 4.75V, VIH =2V, VOH=30V 100 J.I.A 

VOL LOW-level output voltage Vee = 4.5V, VIL = 0.8V, 0.25 0.5 V 
IOL = 100mA 

Vee = 4.5V, VIL = 0.8V, 0.5 0.8 
IOL = 300mA 

VOL Low-level output voltage Vee = 4.75V, VIL = 0.8V, 0.25 0.4 V 
IOL = 100mA 

Vee = 4.75V, VIL = 0.8V, 0.5 0.7 
IOL =300mA 

h Input current at maximum Vee = 5.5V, VI = 5.5V 1 rnA 
input voltage 

h Input current at maximum Vee = 5.25V, VI = 5.5V 1 rnA 
input voltage 

IIH High level input current Vee - 5.5V, VI - 2.4V 40 rnA 
IIH High level input current Vee = 5.25V VI = 2.4V 40 J.I.A 

hL Low level input current Vee - 5.5V VI = O.4V -1 -1.6 rnA 
hL Low-level input current Vee = 5.25V VI = 0.4V -1 -1.6 rnA 

leeH Supply current, outputs high Vee = 5.5V VI = 5V 7 11 rnA 

leeH Supply current, outputs high Vee = 5.25V VI = 5V 7 11 rnA 

leeL Supply current, outputs low Vee = 5.5V VI = 0 52 65 rnA 

leeL Supply current, outputs low Vee = 5.25V VI = 0 52 65 rnA 

DC ELECTRICAL CHARACTERISTICS (Cont'd) TA = 25°C, Vee = 5V unless otherwise specified. 

55452 75452 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

VI Input clamp voltage Vee = 4.5V 'I = -12mA -1.5 V 
VI Input clamp voltage Vee = 4.75V h = -12mA -1.5 

IOH High-level output current Vee = 4.5V, VIL = 0.8V, VOH = 30V J.I.A 

IOH High-level output current Vee = 4.75V, VIL = 0.8V, VOH = 30V 300 100 J.I.A 

VOL Low-level output voltage Vee = 4.5V, VIH = 2V, IOL = 100mA 0.25 0.5 V 
Vee = 4.5V, VIH = 2V, IOL = 300mA 0.5 0.8 

VOL LOW-level output voltage Vee = 4.75V, VIH = 2V, IOL = 100mA 0.25 0.4 V 
Vee = 4.75V, VIH = 2V, IOL = 300mA 0.5 0.7 

II Input current at maximum Vee = 5.5V, VI = 5.5V 1 rnA 

input voltage 
II Input current at maximum Vee = 5.25V, VI = 5.5V 1 rnA 

input voltage 

hH High-level input current Vee = 5.5V, VI = 2.4V 40 J.I.A 
IIH High-level input current Vee = 5.25V, VI = 2.4V 40 J.I.A 

IlL Low-level input current Vee = 5.5V, VI = O.4V -1 -1.6 rnA 

ilL Low-level input current Vec = 5.25V, VI = O.4V -1 -1.6 rnA 

ICCH Supply current, outputs high Vce = 5.5V, VI = OV 11 14 rnA 

ICCH Supply current, outputs high Vee = 5.25V, VI = OV 11 14 rnA 

leeL Supply current, outputs low VCC - 5.5V, VI - 5V 56 71 rnA 

IceL Supply current, outputs low Vec = 5.25V, VI = 5V 56 71 rnA 

SjgDotiCS 359 



55/75450B-F,N • 55175451 B/2B/3B/4B-N,T 

DC ELECTRICAL CHARACTERISTICS·(Cont'd) TA = 25°C, Vee = 5V unless otherwise specified. 

55453 75453 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

VIH High-level input voltage 2 2 V 
VIL Low-level input voltage 0.8 0.8 V 

VI Input clamp voltage Vee = 4.5V II = -12rnA -1.5 V 
VI Il1put clamp voltage Vee = 4.75V II = -12mA -1.5 

IOH High-level output current Vee = 4.5V, VIH = 2V, VOH = 30V 300 /loA 
IOH High-level output current Vee = 4.75V, VIH = 2V, VOH = 30V 100 /loA 

VOL Low-level output voltage Vee = 4.5V, VIL = 0.8V, 0.25 0.5 V 
IOL = 100rnA 

Vee = 4.5V, VIL = 0.8V, 0.5 0.8 
IOL = 300mA 

VOL Low-level output voltage Vee = 4.75V, VIL = 0.8V, 0.25 004 V 
IOL = 100mA 

Vee = 4.75V, VIL = 0.8V, 0.5 0.7 
IOL = 300mA 

II Input current at maximum Vee = 5.5V, VI = 5.5V 1 mA 
input voltage 

II Input current at maximum Vee = 5.25V, VI = 5.5V 1 mA 
input voltage 

IIH High-level input current Vee = 5.5V, VI = 2.4V 40 /loA 
IIH High-level input current Vee = 5.25V, VI = 2.4V 40 /loA 

ilL Low-level input current Vee = 5.5V, VI = 0.4V -1 -1.6 rnA 
IlL Low-level input current Vee = 5.25V, VI = OAV -1 :-1.6 mA 

leeH Supply current, outputs high Vee = 5.5V, VI = 5V 8 11 mA 
leeH Supply current, outputs high Vee = 5.25V, VI = 5V 8 11 mA 

leeL Supply current, outputs low Vee = 5.5V, VI = 0 54 68 mA 
leeL Supply current, outputs low Vee = 5.25V, VI = 0 54 68 mA 

DC ELECTRICAL CHARACTERISTICS (Cont'd) TA= 25°C, Vee = 5V unless otherwise specified. 

PARAMETER TEST CONDITIONS 
55454 75454 

UNIT 
Min Typ Max Min Typ Max 

VIH High-level input voltage 2 2 V 
VIL Low-level input voltage 0 .. 8 0.8 V 

VI Input clamp voltage Vee = 4.SV II = -12mA -1.5 V 
VI Input clamp voltage Vee = 4.75V II = -12mA -1.5 

IOH High-level output current Vee = 4.5V, VIL = 0.8V, VOH = 30V /loA 
IOH High-level output current Vee = 4.7SV, VIL= 0.8V, VOH = 30V 300 100 

VOL Low-level output voltage Vee = 4.SV, VIH = 2V, IOL = 100mA 0.25 0.5 V 
Vee = 4.5V, VIH = 2V, IOL = 300mA 0.5 0.8 V 

VOL Low-level output voltage Vee = 4.7SV, VIH = 2V, IOL = 100mA 0.25 004 V 
Vee = 4.75V, VIH = 2V, IOL = 300mA 0.5 0.7 

II Input current at maximum Vee = 5.5V, VI = 5.5V 1 mA 
input voltage 

II Input current at maximum Vee = 5.25V, VI = 5.5V 1 mA 
input voltage 

IIH High-level input current Vee = 5.5V, VI = 2.4V 40 /JA 
IIH High-level input current Vee = 5.25V, VI = 2.4V 40 /loA 

IlL Low-level input current Vee = 5.5V, VI = 0.4V -1 -1.6 rnA 
ilL Low-level input current Vee = 5.25V, VI = OAV -1 -1.6 mA 

leeH Supply current, outputs high Vee = 5.SV, VI = OV 13 17 mA 
leeH Supply current, outputs high Vee = 5.25V, VI = OV 13 17 mA 

leeL Supply current, outputs low Vee = 5.5V, VI = 5V 61 79 mA 
leeL Supply current, outputs low Vee = 5.2SV, VI = 5V 61 79 rnA 
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55/754508-F,N • 55/754518/28/3B/4B-N,T 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = 5V unless otherwise specified. 

PARAMETER TEST CONDITIONS 
Min 

55/754508 

Typ Max 

TTL GATES 
tPLH Propagation delay CL = 15pF, RL = 4000 12 22 

time, low-to-high 
output 

tPHL Propagation delay 8 15 
time, high-to-Iow 
level output 

OUTPUT TRANSISTORS 
td Delay time Ie = 200mA, IB(1) = 20mA, 8 15 
tr Rise time IB(2) = -40mA, 12 20 
Is Storage time VSE(OFF) = -lV, CL = 15pF, 7 15 
tf Full time RL = 500 6 15 

GATES AND TRANSISTORS COMBINED 
tPLH Propagation delay le~ 200mA, CL = 15pF, 20 30 

time, low-to-high RL = 500 
level output 

tPHL Propagation delay 20 30 
time, high-to-Iow 
level output 

tTLH Transition time, 7 12 
low-to-high level output 

tTHL Transition time, 9 15 
high-to-Iow level output 

VOt-' High-level output Vs = 20V, Ie .. 300mA Vs-6.5 
voltage after switching RBE = 5000 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = 5V unless otherwise specified. 

PARAMETER TEST CONDITIONS 

tPLH Propagation delay time, 10 "200mA, CL = 15pF, RL=50O 
low-to-high level output 

tPHL Propagation delay time, 10 "200mA, CL = 15pF, RL=50n 
high-to-Iow level output 

trLH Transition time, 10 "'200mA, CL = 15pF, RL=50n 
low-to-high level output 

tTHL Transition time, 10'" 200mA, CL = 15pF, RL =500. 
High-to-Iow level output 

VOH High-level output voltage Vs = 20V, 10 .. 300mA 
after switching 

NOTE 
Voltage and current values shown are nominal; exact values vary slightly with transistor 
parameters. 

Smnotics 

55451/75451 

Min Typ Max 

18 25 

18 25 

5 8 

7 12 

Vs-6.5 

55452/75452 

Min Typ Max 

26 35 

24 35 

5 8 

7 12 

Vs-6.5 

UNIT 

ns 

ns 

ns 
ns 
ns 
ns 

ns 

ns 

ns 

ns 

mV 

UNIT 

ns 

ns 

ns 

ns 

mV 
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55/75450B-F,N .55/75451 B/2B/3B/4B-N,T 

AC ELECTRICAL CHARACTERISTICS (Cont'd) TA = 25°C, Vcc = 5V unless otherwise specified. 

55453/75453 
PARAMETER TEST CONDITIO.NS 

tPLH Propagation delay time, 10'" 200mA, CL = 15pF, RL -50n 
low-to-high level output 

tPHL Propagation delay time, 10'" 200mA, CL = 15pF, RL = 50n 
high-to-Iow level output 

trLH Transition time, 10'" 200mA, CL = 15pF, RL = 50n 
low-to-high level output 

tTHL Transition time, 10'" 200mA, CL = 15pF, RL =50n 
High-to-Iow level output 

VOH High-level output voltage Vs = 20V, 10 '" 300mA 
after switching 

NOTE 

Voltage and current values shown are nominal; exact values vary slightly with transistor 
parameters. 

LATCH-UP TEST OF COMPLETE DRIVERS 

TEST CIRCUIT 
VS=20V 

INPUT 2.4V 5V 

~ 2mH r lN3064 ;!~ 
I I 

4508 65 

L I 

PULSE J 
GENERATOR 

(SEE NOTE 1) 
UNDER 
TEST 

Min 

Vs-6.5 

OUTPUT 

CIRCUIT o-K 
- (SEE NOTE 2) 1"'" ! ~ ,-"=,, 

GND I SUB 

NOTE J 

All resistors values are typical and in ohms. ~ -=- -=-

NOTES 

1. The pulse generator has the following characteristics: PRR = 12.5kHz. ZOUT = 50n. 
2. When testing 55450B or 75450B. connect output Y to transistor base with a 500-n 

resistor from there to ground, and ground to substrate terminal. 
3. CL includes probe and jig capacitance. 
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Typ Max 

18 25 

16 25 

5 8 

7 12 

55454/75454 

Min Typ Max 

27 35 

24 35 

5 8 

7 12 

Vs-6.5 

UNIT 

ns 

ns 

ns 

ns 

mV 



LATCH-UP TEST OF COMPLETE DRIVERS (Cont'd) 

VOLTAGE WAVEFORMS 
5n. 

~--------------3V 

INPUT 
4508 

10% 
I 

10% I 

90% 

~---------------''''-1------------ OV 
:-_______ 0.5"' _______ ~1 

I • 
t---- tPLH-1 

90% 
I VOH 

OUTPUT 

10% 

NOTES 

1. The pulse generator has the following characteristics: PRR = 12.5kHz, ZOUT = SOn. 
2. When testing 55450B or 75450B, connect output Y to transistor base with a 500-0 

resistor from there to ground, and ground to substrate terminal. 
3. CL includes probe and jig capacitance. 

SWITCHING TIMES OF COMPLETE DRIVERS 

TEST CIRCUIT 
INPUT 2.4V 10V 

,L, 

10% 

RL = SO 

4519 

I J 
PULSE 

GENERATOR 
CIRCUIT (SEE NOTE 1) 
UNDER 
TEST 

(SEE NOTE 2) 

I 

'--

r~ GND I SUB 

I 
.... .1 

VOLTAGE WAVEFORMS 
!-i-'='- 5ns ..........-. 10ns 

OUTPUT 

15pF 
NOTE 3) 

I I I I 

~
I.O% I I 1..__----- 3V 

1 II 90% 
INPUT 1 5V 1 1 1 1 5V 

451. . I I 
I 10% 10% I 
1 ...... --------------... -1------------ ov 
1:-------0.5"'-------;1 I I I I 
I- 'pHL ~ I-- 'PLH-I 

90% 
1 1 VOH 
I 1 

OUTPUT 

10% 10% 

NOTES 

1. The pulse generator has the following characteristics: PRR = 1 MHz, ZOUT "" SOn. 
2. When testing 554518 or 754518, connect output Y to translator base and ground the 

substrate terminal. 
3. CL includes probe and jig capacitance. 

lil!)nOliCS 
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LATCH-UP TEST OF COMPLETE DRIVERS 

TEST CIRCUIT 
Vs = 20V 

INPUT 2.4V 5V 

2mH r 1N3064 

4519 65 

I--...... -~-.--o OUTPUT 
PULSE 

GENERATOR 
(SEE NOTE 1) 

NOTE 

CIRCUIT 
UNDER 
TEST 

(SEE NOTE 2) 

GND I SUB 

I 

All resistors values are typical and in ohms. -= * 
VOLTAGE WAVEFORMS 

I -. 5n. 
I 

INPUT 
4518 

10% 10% 

40/Js 

I .-. 10n. 

I 

90% 
3V 

OUTPUT \ c.:~ 
NOTES 

1. The pulse generator has the fol/owing characteristics: PRR = 12.5kHz, ZOUT= 50n. 
2. When testing 554516 or 754516, connect oulput V 10 transislor base wilh a 500-n 

resistor from there to ground, and ground the substrate terminal. 
3. CL includes probe and jig capacitance. 

SWITCHING TIMES OF COMPLETE DRIVERS 

TEST CIRCUIT 

INPUT 2.4V 10V 

~ 
Rt =- SO 

452B 

I I 
PULSE 

GENERATOR 
CIRCUIT (SEE NOTE 1) 
UNDER 
TEST 

'--
(SEE NOTE 2) 

GND I SUB 
I ~.\; 

I 
I 

1-

364 !ijgnDtics 

OUTPUT 

1SpF 

NOTE 3: 
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SWITCHING TIMES OF COMPLETE DRIVERS (Cont'd) 

VOLTAGE WAVEFORMS 

10nl 

~--------------3V 

INPUT 
452B 

10% 

90% 

10% I 01;,------------_...1(;.-1 ____________ OV 

i--------0.5".-------~1 I , 
I-'PLH-' 

90% I VOH 

OUTPUT 

10% 10% 

NOTES 

1. The pulse generator has the following characteristics: PRR = 1MHz, ZOUT ~ 50n. 
2. When testing 554528 or 754528, connect output Y to transistor base and ground the 

substrate terminal. 
3. CL includes probe and jig capacitance. 

LATCH-UP TEST OF COMPLETE DRIVERS 

TEST CIRCUIT 
Vs = 20V 

J 
INPUT 2.4V 5V l 

I 
r 1N3064 ~ ~ 

~ 2mH 

I 

4528 65 

PULSE 1 
GENERATOR 

(SEE NOTE 1) UNDER 
TEST 

OUTPUT 

C,RCUIT a--K 
'---

(SEE NOTE 2) ro'" ! ~ "~.~,, 
GNO I SUB 

NOTE I 
All resistors values are typical and in ohms . ~ 

INPUT 
4528 

, -. 
I 

5n. 

10% 

.". 

VOLTAGE WAVEFORMS 

10% 

.". 

, 
1-- 10n. 

I 
W-9~0'-.------------ 3V 

i-------- 40"'--------i 

OUTPUT 

NOTES 

1. The pulse generator has the following characteristics: PRR = 12.5kHz, ZOUT = 50n. 
2. When testing 554528 or 754528, connect output Y to transistor base with a 500-n 

resistor from there to ground, and ground the substrate terminal. 
3. CL includes probe and jig capacitance. 

Si!lDotiCS 
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SWITCHING TIMES OF COMPLETE DRIVERS 

INPUT 
4538 

PULSE 
GENERATOR 

(S.EE NOTE 1) 

INPUT 

TEST CIRCUIT 

CIRCUIT 
UNDER 
TEST 

(SEE NOTE 2) 

I I SUB I I GND 
4538 I 

I 
..L 

O.4V 

VOLTAGE WAVEFORMS 

10V 

Rl = 50 

r; 
OUTPUT 

15pF 
NOTE 3) 

1-=.0~":-' ------ 3V 

10% 10% I .... ;.;;..-----------~~1------------ OV 

i--------O.S~·-------_il 

t-tPLH-l 
I VOH 
I 

90% 

OUTPUT 

10% 

NOTES 

1. The pulse generator has the following characteristics: PRR == 1MHz, ZOUT"'" 50n. 
2. When testing 554538 or 754538, connect output Y to transistor base and ground the 

substrate terminal. 
3. CL includes probe and jig capacitance. 

LATCH-UP TEST OF COMPLETE DRIVERS 

366 

PULSE 
GENERATOR 

(SEE NOTE 1) 

NOTE 

All resistors values are 
typical and in ohms. 

TEST CIRCUIT 

INPUT SV 

lN3064 

Vs = 20V 

2mH 

65 

'--~~>--..... -o OUTPUT 

(SEE NOTE 3) I CL = ISpF 

B[gDDtiCS 

55175450B-F,N .55/75451B/2B/3B/4B-N,T 



LATCH-UP TEST OF COMPLETE DRIVERS (Cont'd) 

VOLTAGE WAVEFORMS 
I I 

-J 5n. I- 10ns 

I I 
3V 

90% 

INPUT 
4538 

10% 10% 

40/-15 

OUTPUT \ c.:~ 
NOTES 

1. The pulse generator has the following characteristics: PRR = 12.5kHz, ZOUT = son. 
2. When testing 554538 or 754538, connect output Y to transistor base with a 500-{l 

resistor from there to ground, and ground the substrate terminal. 
3. CL includes probe and jig capacitance. 

SWITCHING TIMES OF COMPLETE DRIVERS 

PULSE 
GENERATOR 
(SEE NOTE 1) 

INPUT 

TEST C'RCU'T 

CIRCUIT 
UNDER 
TEST 

(SEE NOTE 2) 

10V 

RL = 50 

OUTPUT 

r.:::;;'" GND I SUB 

454B I 

Y I 
~ 

INPUT 
4548 

OUTPUT 

NOTES 

10% 

-= O.4V 

VOLTAGE WAVEFORMS 

I 
10% I 

-= 

~ __ ------------3V 
90D/o 

""lI;------------------------------~_l------------OV 

:--------0.5""--------;, I I 
t-tpLH~ 

90% 
I VOH 
I 

10% 10% 

1. The pulse generator has the following characteristics: PRR = 1 MHz, ZOUT "'" son. 
2. When testing 554548 or 754548, connect output Y to transistor base and ground the 

substrate terminal. 
3. CL includes probe and jig capacitance. 

SmootiGS 
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LATCH-UP TEST OF COMPLETE DRIVERS 

TEST CIRCUIT 
Vs = 20V 

INPUT 'V 

2mH 
1N3064 

65 

....... --t--~..,--~-<> OUTPUT 

PULse 
GENERATOR 
(SEE NOTE 1) 

NOTE 

All resistors val ues are 
typical and in ohms. 

INPUT 
4548 

I 

-J 
I 

10% 

4548 

6 
O.4V 

CIRCUIT 
UNDER 
TEST 

(SEE NOTE 2) 

GND I SUB 

-: 

I 
I 

.l.. 

VOLTAGE WAVEFORMS 

10% 

~ ______________ 40~ ______________ ~ 

OUTPUT 

NOTES 

(SEE NOTE 3) I CL="pF 

I 
1-$10"8 

I 
"""9~0%~----- 3V 

1. The pulse generator has the following characteristics: PRR = 12.5kHz, ZOUT = 50n. 
2. When testing 554548 or 754548, connect output Y to transistor base with a 500-0 

resistor from there to ground, and ground the substrate terminal. 
3. CL includes probe and jig capacitance. 
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TYPICAL PERFORMANCE CHARACTERISTICS 

> 
I 

w 

" ~ 
S 
> 
t-
::> .. 
t-
::> 
0 

iil 
> 
~ 
:i: 
!2 
:t 
I 
:t 

TTL GATE HIGH-LEVEL 
OUTPUT VOLTAGE vs 

HIGH-LEVEL OUTPUT CURRENT 
55/75450 

4.D 

Vee = 5V 
3.5 

3.D 

V,L = O.BV 

" 
TA = 25°C 

see FIGURE 2 

2.5 ""'-
2.0 \. 

" '.5 

'.0 
\ 

0.5 
\ 

0 
, 

> 

-5 -10 -15 -20 -25 -30 -35 -40 

IOH - HIGH-LEVEL OUTPUT CURRENT-mA 

TRANSISTOR STATIC FORWARD 
CURRENT TRANSFER RATIO 

vs COLLECTOR CURRENT 

55175450 
o 
~ 100 

'" '" 90 
~ 

t-~ 80 

70 

~ 60 

'" i3 50 

c 
; 40 

'" 30 
~ 
U 20 

~ 10 

o 

VeE - 3V 

SEE NOTE 1 

J.OC -i""" r:;:.t.:: --°c ~ ,......~~ ... - --
~ 

~ 

'0 20 40 70 100 200 400 

Ie - COLLECTOR CURRENT - mA 

ssnS4S08-F,N • SS/7S4S18/28/38/48-N,T 

TRANSISTOR BASE-EMITTER 
VOLTAGE vs COLLECTOR 

CURRENT 
55175450 

1.2,.---.---,,.--,.-,----.----, 
,., ..'E. = ,~_-+_I----if__~I_;_t-:~ 

> 1.,,- 1 TA-O°C 1M 
I '.0 I---S~EI-E N-O-TE-I,--+--: ~r'/ 

w 0.9 I---;---r--bot!!-~'-:'~""'---I 

~ 0.8 t:;;~~~~---==:;~~::jf':::/":~T~~7:0~OC~ g ~ -....... A 

~ ::: ...-r-
i O.SI--+--I--t-+--;---I 

~ 0.4 I--+--I--I-+--/----i 
= 0.31--+--t--t-+--;---I 

~ D.2 I--+--+--+-If---+---; 
.: 0.1 I--+--I--~+--I---I 

'0 20 40 70 100 200 400 

'e - COLLECTOR CURRENT - mA 

TRANSISTOR COLLECTOR­
EMITTER SATURATION 

DISSIPATION DERATING CURVE 

NOTE 

VOLTAGE vs 
~ COLLECTOR CURRENT 

'" ~ 0.6 

g 
15 0.5 i-' __ -±::--I-'-I--I---++'H 

I 0.4 1--+--1--1--1--""""'---1 

~ 0.3 1--+--I--I--b'zl'-t----1 

~ 0.2 1--+--bo'"50IP~---+----1 
~ 

~ 0.1 l;;iiiii;a:~~I=~~~---t---l 
8 
I 

l W 20 40 ~ 

Ie - COLLECTOR CURRENT - mA 

> 

1. These parameters must be measured using pulse techniques, tw = 300",5, duty cycle~ 
2%. 

2. This rating for the T Package requires a heat sink that provides a thermal resistance 
from case to free-air, ROCA, of not more than 95°CIW. 

~ 
E 
I 
z 
0 
;: 

~ 
!I! 
C 
on 
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0 
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Z 
;: 
Z 
0 
u 
:IE 
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~ ;; 
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'00 
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r.... , 
"i-.. !'\ 
TPKG' '\ 

SEE NOTE 21 ..... 
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SECTion 8 
TRAnSISTOR ARRAYS 
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DESCRIPTION 
The 510/511 are dual high frequency differ­
ential amplifiers with associated constant 
current sources and biasing elements con­
tained within a silicon monolithic substrate. 
The large number of accessable internal 
pOints allows large flexibility of applications 
from dc to in excess of 100mhz. Circuit 
layouts may be either common-common 
base, cascode or common coliector­
common base configurations. 

FEATURES 
• Low input offset voltage ±2mV 
• Low input offset current ±3"A 
• AGC capability 
• High forward transadmittance 
• Low teed back capacitance 
• Single power supply 
• SE510, SE511 Mil std BB3A,B,C available 

EQUIVALENT SCHEMATICS 

PIN CONFIGURATIONS 

510 
F,N PACKAGE 

ORDER PART NO. 
SE510N. NE510N 
SE510F. NE510F 

510 OUTPUT OUTPUT 

D 

-= GND 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Applied voltage (V+) 20 
Differential input voltage ±5 

Current (all pins) ±15 
Storage temperature -65 to +150 
Operating temperature 

SE510N, SE511N -55 to +125 

NE510N, NE511 N o to +75 

SmDotiCS 

OUTPUT OUTPUT 
A B 

EMITTER 

UNIT 

V 
V 

mA 
°C 

°C 
°C 

NE5SE510/511-F,N 

511 

511 
F,N PACKAGE 

ORDER PART NO. 
SE511N. NE511N 
SE511F, NE511F 

REFERENCE 
DIODE 

OUTPUT C 

OUTPUT D 

INPUT 0 

INPUT C 

EMITTER 2 

OUTPUT OUTPUT 
C D 

5 16 SOURCE 

~n EMITTER 
B 10 2 

EMITTER 
3 

SUBSTRATE 

11 2 
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DC ELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise specified. 

SE510 
PARAMETER TEST CONDITIONS 

Min Typ Max 

Vos Input offset voltage 0.5 2.0 
Overtemp.2 1.5 3.5 

los I nput offset current 2.0 3.5 
Over temp.2 2.5 7.5 

Is Input bias current 8 20 
Over temp.2 16 40 

.:lIe Differential collector VIN = 0, Ip = 2mA 45 62.5 
current per pair Over temp.2, VIN = 0, Ip = 2mA 50 100 

Differential source 30 62.5 
current Over temp.2 35 100 

lee lotal current 11 15 

CMRR Common mode rejection 60 80 
ratio 

DC ELECTRICAL CHARACTERISTICS (Cont'd) TA = 25°C unless otherwise specified. 

PARAMETER 

Vos I nput offset voltage 

los Input offset current 

Is I nput bias current 

.:lIe Differential collector 
current per pair 

Differential sou rce 
current 

lee Total current 

CMRR Common mode rejection 
ratio 

G22 Output conductance 

Cos Output capacitance 
CIS I nput capacitance 

NOTES 

1. Standard test circuit of Figure 1. 
2. Operating temperature range: 

374 

SE510!511 -55"e to +125"e 
NE510!511 ooe to HO"e 

TEST CONDITIONS 

Overtemp.2 

Over temp.2 

Over temp.2 

VIN = 0, Ip = 2mA 
Over temp.2, VIN = 0, Ip = 2mA 

Over temp.2 

Si!ln~tiCs 

SE511 

Min Typ Max 

0.5 2.0 
1.5 3.5 

2 3.5 
2.5 7.5 

8 20 
16 40 

45 62.5 
50 100 

30 62.5 
35 100 
11 15 

60 80 

0.01 

2.5 
10 

NE5SE510/511-F,N 

NE510 
UNIT 

Min Typ Max 

0.5 3.0 mV 
1 4 mV 

2.0 6 p.A 
2.5 9 p.A 

8 25 p.A 
10 40 p.A 

45 75 p.A 
50 100 p.A 

30 75 p.A 
35 100 p.A 

11 15 mA 

60 80 dB 

NE511 
UNIT 

Min Typ Max 

0.5 3.0 mV 
1 4 mV 

2 6 p.A 
2.5 9 p.A 

8 25 p.A 
10 40 p.A 

45 75 p.A 
50 100 /lA 

30 75 p.A 
35 100 f.l.A 
11 15 mA 

60 80 dB 

0.01 mmhos 

2.5 pF 
10 pF 



NE/SE510/511 
NE5SE510/511-F,N 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, V+ = 12V unless otherwise specified. 

EMITTER COUPLED CASCODE 
UNIT PARAMETER TEST CONDITIONS 

Min 

nRE(Y"~ Input conductance2,3 

RE(Y22) Output conductance2,3 

CIB Input capacitance2,3 

COB Output capacitance2,3 

Reverse transfer capacitance2,3 

Forward transconductance2,3 

NOTES 

1. Applicable from DC to 10MHz 
2. Emitter coupled configuration figure 2 
3. Cascade configuration figure 3 

TYPICAL PERFORMANCE CHARACTERISTICS 

'2 

'1 

-1 

-2 

INPUT OFFSET VOLTAGE 
vs TEMPERATURE 

510 

V ~ 
...... ~ 

10-'-"'" V 

-75 -50 -25 25 50 75 100 125 

2.5 

2.0 

1.5 

1.0 

0.5 

TEMPERTURE °c 

REFERENCE VOLTAGE vs 
BIAS NETWORK CURRENT 

510 -
17 

BIAS NETWORK CURRENT - rnA 

'" 1.0 
!:; 
o 
> 
I 8 

w 

BASE EMITTER VOLTAGE 
vs EMITTER CURRENT 

510 

~ 
~ .... 

" ~ ~ ~ g 6 
a: 

~ 
~ 4 

~ .. .. 
I 2 
w .. 
> 

120 

,g 100 
E 
E 

~. 80 

" w 
U z 60 .. 
>-
0 

" c z 
0 

40 

0 .. z .. 2. a: 
>-

10 15 20 25 30 

Ie - EMITTER CURRENT - rnA 

TRANSCONDUCTANCE vs 
POWER SUPPLY VOLTAGE 

(Cascode connection) 

510 

~ 

1/"'" 
V 

.I 
V 

V .' 

4 8 10 12 

POWER SUPPLY VOLTAGE (V) 

NOTE All characteristics for 25°C unless otherwise specified. 

Si!l0otiCS 

Typ 

0.7 
0.01 

4.5 
2.5 

0.05 

25 

Max Min Typ Max 

.. 
E 
I 

w 
u 
a: 

" 0 .. 
>-

~ 
a: 

" U 

S 
] 
E 

"N 
W 
0 
Z 
~ 
U 

" 0 z 
0 
0 .. 
z .. 
a: 
>-

10 

'2 

3.0 mmhos 
0.01 mmhos 

10 pF 
2.5 pF 

0.05 pF 

90 mmhos 

CURRENT SOURCE vs 
BIAS NETWORK CURRENT 

BIAS NETWORK CURRENT - rnA 

NOTE 
Vb is the voltage between the bases of the 
differential transistors and the emitter of the 
current source transistor. 

50 

40 

30 

2. 

,. 

TRANSCONDUCTANCEvs 
COLLECTOR CURRENT 

(Emitter coupled) 

510 

L 
V 

./ 
V 

V 

/ 
V 

COLLECTOR CURRENT (rnA) 
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TYPICAL PERFORMANCE CHARACTERISTICS (O~nt'd) 

50 

I 40 
E .. 
~ 

30 w 
0 
Z 

~ 
20 ::l 

C 
Z 
0 
0 ., 
Z 10 

" a: 
I-

+3 

+2 

+1 

-1 

-2 

376 

TRANSCONDUCTANCE" 
BIAS NETWORK CURRENT 

. (Emitter coupled) 

510 / 
V 

J 
/ 

V 

/ 
V 

V 
2 3 

BIAS NETWORK CURRENT - rnA 

INPUT OFFSET VOLTAGE 
vs TEMPERATURE 

511 

~ ""'" i--"'" 

~ 
.,.,. 

f--

-75 -50 -25 25 50 75 100 125 

TEMPERTURE-oC 

BIAS DIODE REVERSE 
BREAKDOWN 

CHARACTERISTIC 

511 

5 

VR (VOLTS) 

10 

100 

J 80 E 
g .. 
" 60 
ui 
0 z 
;! 
0 40 ::l 
Q 
Z 
0 
U ., 

20 Z 

" a: 
I-

I 
E ., 
(; 
w 
u 

~ 
U 
::l 
Q 
Z 
0 
U ., 
Z 

" :: 

CASCODE. 
TRANSCONDUCTANCEvs 

DIFFERENTIAL VIN 
(AGC connection) 

I-- 510 

r..... 
~ 

\ 
\ 

'" -250 -150 -50 (l +50 +150 +250 

DIFFERENTIAL INPUT VOLTAGE (AGe) - mY 

CURRENT SOURCE TRANSISTOR 
VBE vs IC 

50 

40 

30 

20 

10 

511 

J 
0.2 0.4 0.6 0.8 1.0 

VaE (VOLTS) 

TRANSCONDUCTANCEvs 
COLLECTOR CURRENT 

(Emitter coupled) 

511 

./ 

V 
/ 

V 

V 
J 

V 
COLLECTOR CURRENT - (mA) 

NOTE All characteristics for 25°C unless otherwise specified, 

SmootlGS 

I 25 

g 

: 20 

I 

~ 15 
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0.2 

0; 

~ 
g .. 
" ui 
0 z 
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::l 
C 
Z 
0 
bl z 

~ 

NE5SE510/511-F,N 

TRANSADMITTANCE vs 
FREQUENCY 

(Emitter coupled) 

100 

80 

80 

40 

20 

o 

510 
Y21 

..... 1"-. 
"J 

'A 
/ 

/ 

• V I.-
1 2 10 20 100 
FREQUENCY (MHz) 

BIAS DIODE FORWARD 
CHARACTERISTIC 

VFvslF 

511 

0.2 0.4 0,6 

VF (VOLTS) 

] 
0.8 

60 

SO 

40 

30 

20 

10 

TRANSCONDUCTANCEvs 
DIFFERENTIAL INPUT 
VOLTAGE (Cascode) 

I--r--.... 511 

iii w 
"l;! 
" w e 

1.0 

i\URRENT SOURCE = 4mA 

\ 
\ 

'" -250 -150 -so 0 +50 +150 +250 

DIFFERENTIAL INPUT VOLTAGE (NGC)- mV 



TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

3D 

I 25 
E 
g 
:;; 20 

>-
I 

w 

" z 
,. .. 

I: 
if '0 D 

~ 
Z .. a: 
I-

0.2 

TRANSADMITTANCE vs 
FREQUENCY 

(Emitter coupled) 

'" '2' 
~ 
~ I 
~ 

/ 
LI 

...:. V 
1 2 10 20 '00 

FPEQUENCY • MHz 

IC vs VCE 

60 '0 

50 ,-~ I-
0.08""" I..-

40 ~ 
0.01"''' -0.06m" -.. 1 3D 

!:.J 

a.osmA 
[I"" 

O.04mA 

20 a.D3mA 

O.02mA 

'0 
O.OlmA 

'0 

VeE (VOLTS) 

511 

20 

CONSTANT f, CONTOURS-MHz 

~ 
g 
w 

'4 

'2 

'0 

" 6 > 

NOTE All characteristics for 25°C unless otherwise specified. 0 

STANDARD TEST CIRCUIT (510) 

lK lK 

so 

ALL RESISTORS ± 1% 

,'8\8 

5K 

-6V 

L 511 

g 

\ 
V 

~ 

\ J 
\ I J 

\g ~ -1ft 
1.0 '0 '00 

Ie (rnA) 

+IV 

lK 'K 

Figure 18 
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50 

N/F 

IC vs VCE 

'0 ~---r----r----r----r----, 

c 
g 5 
_u 

O.055mA 
O.050mA 
O.D4SmA 

I---+----t-:fi'flj:;:- 0.D40rnA 

25 

VeE (VOLTS) 

~hN = IIN1 - IIN2 

or 
ItN3 - IIN4 

<llc = ICl - IC2 
or 

IC3 - IC4 
<lIp = Ip, - Ip2 

O.035mA 
O.030mA 
O.025mA 
O.020mA 
O.01SmA 
a.010mA 
O.DOSmA 

Icc = Ic, + IC2 + IC3 + IC4 + I b 

50 
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n"AL DIFFERENTIAl 

STANDARD TEST CIRCUIT (511) 

1K 

All RESISTORS'" ± 1% 

TEST LOAD CIRCUITS 510, 511 

EMITTER COUPLED CONFIGURATION 

378 

v+ 

3. 

(TYPICAL) 

+6V 

5K 

50 I 
I 

___ """_J 

-BV 

11 

L----.-.--I I 

.'
P2 

I I 
I 
I 
I 
I 
I 

10_ J 

Figure 1 b 

HE SE510 511 

50 

~hN = hN1 - IIN2 

or 
ItN3 - IIN4 

L1lc = IC1 - IC2 
or 

IC3 - Ic. 
L1lp = Ip1 - Ip2 

Icc = IC1 + le2 + IC3 + IC4 + lb· 

CASCO DE CONFIGURATION 

N/F 



DESCRIPTION 

These high-voltage, high-current Darling­
ton transistor arrays are comprised of seven 
silicon NPN Darlington pairs on a common 
monolithic substrate. All units feature open 
collector outputs and integral suppression 
diodes for inductive loads. Peak inrush cur­
rents to 600mA are allowable, making them 
ideal for driving tungsten filament lamps 
also. 

The Type NE5501 is a general-purpose 
array which may be used with DTL, TTL, 
PMOS, CMOS, etc. It is pinned with inputs 
opposite outputs to facilitate ease of circuit 
board layout and is priced to compete di­
rectly with discrete transistor alternatives. 

The Type NE5502 was specifically designed 
for use with 14 to 25V PMOS devices. Each 
input has a Zener diode and resistor in 
series in order to limit the input current to a 

BLOCK DIAGRAM 

safe value. EQUIVALENT SCHEMATICS 

The Type NE5503 has a series base resistor 
to each Darlington pair, and thus allows 
operation directly with TTL or CMOS oper­
ating at a supply voltage of 5V. 

The Type NE5504 has an appropriate series 
input resistor to allow its operation directly 
from CMOS or PMOS outputs utilizing sup­
ply voltages of 6 to 15V. The required input 
current is below that of the Type NE5503 
while the required input voltage is less than 
that required by the Type NE5502. 

In all cases, the individual Darlington pair 
collector current rating is 500mA. However, 
outputs may be paralleled for higher load 
current capability. All devices are supplied 
in a 16-pin dual in-line plastic "N" package. 

FEATURES 

• Output V CEO> 100V 
• Peak inrush current 600mA 
• Protected Internally against inductive 

loads 
• Open collector topology 
• Compatible with most logic technologies 

, 
I 
I 
I 

2.71( 

TYPE NE5501 
(each driver) 

.--1:>1--0 COM 

I , 

t 
I 
I 
I , 

_." 

TYPE NE5503 
(each driver) 

..--Dll--ocOM 

I 
I 

L$ 
I , 
I 

c - - -- - -- ---- -1<1--- __ J 

ABSOLUTE MAXIMUM RATINGS1,2 

PARAMETER 

VCE Output breakdown voltage 
VIN Input voltage (except 5501) 
VE80 Emitter base voltage 

NE5501/5502/5503/5504-N 

PIN CONFIGURATION 

N PACKAGE 

OUTPUT A 

J---t»r:--=F-12SJ OUTPUT B 

1--Dc::>.'-'+-{14 J OUTPUT C 

ORDER PART NO. 

NE5501N 
NESS02N 
NESS03N 
NESS04N 

TYPE NE5502 
(each driver) 

OUTPUT 0 

OUTPUT E 

OUTPUT G 

r--Dir.-O cOM 

7V 

, 
I 
I 
I 

, , 
I , 

C --"---------I<l---- __ J 

10.SK 

TYPE NE5504 
(each driver) 

r--Dtf--OcOM 

~"--"-------"~---

RATING UNIT 

100 V 
30 V 
6 V 

Ic Continuous collector current 500 mA 
18 Continuous base current 25 mA 
Po Power dissipation 1.3 W 
TA Ambient temperature o to +85 °C 
Tsg Storage temperature -65 to +150 °C 

NOTES 
1. TA=2S"C 
2. Thermal resistivity, DjA, = 95"C/Watt. 

SsgDotiCS 379 



DC ELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise specified.1,2,3 

NE5501 
PARAMETER TEST CONDITIONS 

Min Typ Max 

ICEX Output leakage current VCE = 100V, TA = 70°C, 0.1 10 
Test Fig.1A 

VCE = 100V, TA = 70°C, -
Y,N = 6V, Test Fig.1 B 

VCESAT Coliecter emitter Ic=350mA,IB=500p.A,TestFig.2 1.6 2.0 
saturation vOltage Ic = 200mA, IB = 350p.A, Test Fig. 2 1.2 1.6 

Ic= 100mA, IB=250p.A, Test Fig. 2 1.0 1.4 

liN I nput current (ON) Y,N - 17V, Test Fig. 3 -
liN Input current (OFF) Ic=500p.A, TA=70°C, TestFig.4 50 65 
Y,N Input voltage (ON) VCE = 2V, Ie =300mA, Test Fig. 5 -

hFE Forward current gain VCE = 2V, Ic =350mA, Test Fig. 2 1000 

IR Clamp diode leakage VR = 100V, Test Fig. 6 10 
VF Clamp diode forward voltage IF = 350mA, Test Fig. 7 1.6 2.0 

DC ELECTRICAL CHARACTERISTICS (Cont'd) TA = 25°C unless otherwise specified.1,2,3 

PARAMETER TEST CONDITIONS 

ICEX Output leakage current VCE = 100V, TA = 70°C, 
Test Fig.1A 

VCE = 100V, TA = 70°C, 
Y,N = 1V, Test Fig.1B 

VCESAT Coliecter emitter Ic=350mA, IB=500p.A, Test Fig. 2 
saturation voltage Ic=200mA, IB=350p.A, Test Fig. 2 

Ic= 100mA, IB=250p.A, Test Fig. 2 

liN Input current (ON) Y,N = 3.85V, Test Fig. 3 
Y,N CO 5V, Test Fig. 3 

Y,N = 12V, Test Fig. 3 

liN Input current (OFF) Ic=500p.A, TA=70°C, TestFig.4 
Y,N Input voltage (ON) VCE = 2V, Ic = 200mA, Test Fig. 5 

VCE = 2V, Ic = 250mA,Test Fi9. 5 
VCE = 2V, Ic = 300mA, Test Fig. 5 

Y,N Input voltage (ON) VCE = 2V; Ic = 125mA, Test Fig. 5 
VCE = 2V,lc = 200mA, Test Fig. 5 
VCE=2V, Ic=275mA, Test Fig.5 
VCE =2V, Ic=350mA, Test Fig.5 

IR Clamp diode leakage VR = 100V, Test Fig. 6 
VF Clamp diode forward voltage IF = 350mA, Test Fig. 7 

NOTES 
1. AJllimits stated apply tathe complete Darlington series except as specified for a single 

device type. 
2. The IIN(OFF) current limit guarantees against partial turn-on of the output. 
3: The V'N(ON) voltage limit guarantees a minimum output sink current per the specified 

test conditions. 
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NE5503 

Min Typ Max 

0.1 10 

-

1.6 2.0 
1.2 1.6 
1.0 1.4 

1.05 1.65 
-
-

50 65 
2.4 
2.7 
3.0 

10 

1.6 2.0 

N E5501 /5502/5503/5504-N 

NE5502 
UNIT 

Min Typ Max 

- p.A 

0.1 10 p.A 

1.6 2.0 V 
1.2 1.6 V 
1.0 1.4 V 

0.9 1.45 mA 

50 65 p.A 
13 V 

-
10 p.A 

1.6 2.0 V 

NE5504 
UNIT 

Min Typ Max 

- p.A 

0.1 10 p.A 

1.6 2.0 V 
1.2 1.6 V 
1.0 1.4 V 

- mA 
0.4 0.65 mA 
1.1 1.7 mA 

50 65 p.A 
- V 
- V 
- V 

5.0 V 
6.0 V 
7.0 V 
8.0 V 
10 p.A 

1.6 2.0 V 



NE5501/5502/5503/5504-N 

AC ELECTRICAL CHARACTERISTICS TA = 25°G unless otherwise specified. 

NE5501 NE5502 
PARAMETER TO FROM TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

CIN Input capacitance 15 30 15 30 pF 

TPLH Turn on delay Input Output 50% EIN to 50% EOUT 1 5 1 5 J.l.s 
TPHL Turn off delay Input Output 50% EIN to 50% EOUT 1 5 1 5 J.l.S 

AC ELECTRICAL CHARACTERISTICS (Cont'd) TA = 25°G unless otherwise specified. 

NE5503 NE5504 
PARAMETER TO FROM TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

GIN Input capacitance 15 30 15 30 pF 

TpLH Turn on delay Input Output 50% EIN to 50% EOUT 1 5 1 5 J.l.s 
TpHL Turn off delay Input Output 50% EIN to 50% EOUT 1 5 1 5 J.l.S 

NOTES 2. The IIN(OFF) current limit guarantees against partial turn-on of the output. 
1. AU limits stated apply to the complete Darlington series except as specified for a single 

device type. 
3. The VIN(ON) voltage limit guarantees a minimum output sink current per the specified 

test conditions. 

TYPICAL PERFORMANCE CHARACTERISTICS 
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ALLOWABLE AVERAGE PACKAGE 
POWER DISSIPATION 

0 

AS A FUNCTION OF 
AMBIENT TEMPERATURE 

"-

'" ~ <'/". 

, 
" 

50 100 

AMBIENT TEMPERATURE IN °c 

, 
" 

150 

INPUT CURRENT AS A FUNCTION OF 
INPUT VOLTAGE FOR TYPE NE5504 

z 
_- 2.0 .. 
~ 1.5 

I­

ffi 1.0 

'" '" :::> 
~ 0.5 
:::> .. 
i!: 0 

f--

5 

NE;504 

"YPI~~----_-r-
10 

INPUT VOLTAGE - VIN 

-
11 12 

381 



i 

TEST LOAD CIRCUITS 
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Figure 1A 
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Figure 3 
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Figure 6 

TYPICAL APPLICATIONS 
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Figure 4 
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DESCRIPTION 
These high-voltage. high-current Darling­
ton transistor arrays are comprised of seven 
silicon NPN Darlington pairs on a common 
monolithic substrate. All units feature open 
collector outputs and integral suppression 
diodes for inductive loads. Peak inrush cur­
rents to 600mA are allowable. making them 
ideal for driving tungsten filament lamps 
also. 

The Type ULN-2001 is a general-purpose 
array which may be used with DTL. TTL. 
PMOS. CMOS. etc. It is pinned with inputs 
opposite outputs to facilitate ease of circuit 
board layout and is priced to compete di­
rectly with discrete transistor alternatives. 

The Type ULN-2002 was specifically de­
signed for use with 14 to 25V PMOS devices. 
Each input has a Zener diode and resistor in 
series in order to limit the input current to a 
safe value. 

The Type ULN-2003 has a series base resis­
tor to each Darlington pair, and thus allows 
operation directly with TTL or CMOS oper­
ating at a supply voltage of 5V. 

The Type ULN-2004 has an appropriate 
series input resistor to allow its operation 
directly from CMOS or PMOS outputs uti I iZ­
ing supplyvoltagesof6to 15V. The required 
input current is below that ofthe Type ULN-
2003 while the required input voltage is less 
than that required by the Type ULN-2002. 

In all cases, the individual Darlington pair 
collector current rating is 500mA. However. 
outputs may be paralleled for higher load 
current capability. All devices are supplied 
in a 16-pin dual in-line plastic "BA" 
package. 

ULN2001/2/3/4-N 

FEATURES 
• Peak Inrush current 600mA 
• Protected Internally against Inductive 

loads 
• Open collector topology 
• Compatible with most logic technologies 

EQUIVALENT SCHEMATICS 

2.7K 

TYPE ULN2001 
(each driver) 

r--'I>t--<) COM 

--,.--'<) 
I , 

t 
I 
I 
I , 

--" 

TYPE ULN2003 
(each driver) 

.-..01--0 COM 

I 
I 

~ 
I , 
I 

, 
I 
I 
I 
L ---- - ------ -/<l--- __ J 

PIN CONFIGURATION 

, 
I 
I 
I 

N PACKAGE 

ORDER PART NO. 
UlN2001N 
UlN2002N 
UlN2003N 
UlN2004N' 

TYPE ULN2002 
(each driver) 

TYPE ULN2004 
(each driver) 

10.SK 

~-------------t<l----

.-~l--aCOM 

ABSOLUTE MAXIMUM RATINGS at 25°C Free-Air temperature for anyone 
Darlington pair unless otherwise specified. 

PARAMETER RATING 

VeE Output voltage 50 
V,N Input voltage 30 

VEBO Emitter base voltage 6 
Ic Continuous collector current 500 
IB Continuous base current 25 
Po Power dissipation 1.3 

Derating factor above 25° C 95 
TA Ambient temperature range (operating) o to +85 
Ts Storage temperature range -65 to +150 

'NOTE 
Under normal operating conditions. these units will sustain 350mA per output with 
VeE/sAT) = 1.SV at 70·C with a pulse width of 20 ms and a'duty cycle of 30%. 

Smnotics 

UNIT 

V 
V 
V 

mA 
mA 
W 

°CIW 
°C 
°C 
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DC ELECTRICAL CHARACTERISTICS TA = 25c e unless otherwise specified.1.2.3 

PARAMETER TEST CONDITIONS 

ICEX Output leakage current VCE =50V, TA = 70c e 
Type ULN~2002 VCE = 50V, TA = 70c C, VIN = 6V 
Type ULN-2004 VCE = 50V, TA = 70c C, VIN = 1V 

VCE(SAT) Collector-emitter Ic = 350mA, Is = 500p.A 
Saturation voltage Ic = 200mA, Is = 350p.A 

Ic = 100mA, Is = 250p.A 

liN (ON) Input current 
Type ULN-2002 VIN = 17V 
Type ULN-2003 VIN = 3.85V 
Type ULN-2004 VIN = 5V 

VIN = 12V 

liN(OFF) Input current Ic = 500p.A, TA = 70c C 

VIN(ON) Input voltage 
Type ULN-2002 VCE = 2V, Ic = 300mA 
Type ULN-2003 VCE - 2V, Ic - 200mA 

VCE = 2V, Ic = 250mA 
VCE = 2V, Ic = 300mA 

Type ULN-2004 VCE - 2V, Ic - 125mA 
VCE = 2V, Ic = 200mA 
VCE = 2V, Ic = 275mA 
VCE = 2V, Ic = 350mA 

hFE O-C forward current VCE - 2V, Ic - 350mA 
transfer ratio 

Type ULN-2001 

CIN Input capacitance 

IR Clamp diode leakage VR = 50V 
current 

VF Clamp diode forward voltage IF = 350mA 

NOTES 
1. All limits stated apply to the complete Darlington series except as specified for a single 

device type. 
2. The hN(OFF) current limit guarantees against partial turn-on of the output. 
3. The VIN(ON) voltage limit guarantees a minimum output sink current per the speci1ied 

test conditions. 

Test 
Fig. 

1A 
18 
18 

2 
2 
2 

3 
3 
3 
3 

4 

5 
5 
5 
5 
5 
5 
5 
5 

2 

-

6 

7 

AC ELECTRICAL CHARACTERISTICS TA = 25C C unless otherwise specified.1,2,3 

PARAMETER TEST CONDITIONS 

tpLH Turn-on delay 0.5 EIN to 0.5 EOUT 

tpHL Turn-off delay 0.5 EIN to 0.5 EOUT 

NOTES 
1. All limits stated apply to the complete Darlington series except as specified for a single 

device type. 
2. The hN(OFF) current limit guarantees against partial turn-on of the output. 
3. The VrN(ON) voltage limit guarantees a minimum output sink current per the specified 

test conditions. 
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Test 
Fig. 

-

-

ULN2001/2/3/4-N 

LIMITS 
UNIT 

Min Typ Max 

- - 100 p.A 
- - 500 p.A 
- - 500 p.A 

- 1.25 1.6 V 
- 1.1 1.3 V 
- 0.9 1.1 V 

- 0.85 1.3 mA 
- 0.93 1.35 mA 
- 0.35 0.5 mA 
- 1.0 1.45 mA 

50 65 - p.A 

- - 13 V 
2.4 V 

- - 2.7 V 
- - 3.0 V 

- - 5.0 V 
- - 6.0 V 
- - 7.0 V 
- - 8.0 V 

1000 - -

- 15 30 pF 

- - 50 p.A 

- 1.7 2 V 

LIMITS 
UNIT 

Min Typ Max 

- 1.0 5 p's 

- 1.0 5 p's 



TYPICAL PERFORMANCE CHARACTERISTICS 

COLLECTOR CURRENT AS A FUNCTION 
OF 

U 

~ 
E ., 
'"" 
~ 
:> 
u 

'" 0 

'"" ~ 
0 
U 

800 

600 

400 

200 

o 
o 

SATURATION VOLTAGE 

!/ 
If rd 

5, 
fi-v.iii' 

~t~~l lAi!l'/ 
f~ ~~' v 

0.5 1.0 1.5 

SATURATION VOLTAGE - VCE(SAT) 

INPUT CURRENT AS A FUNCTION OF 
INPUT VOLTAGE FOR TYPE ULN-2002 

., 
~ 
E 

2. 

~ 1. 

'"" iii 

0 

5 

UlN!2002 

/V 
~ ,. .... ,." 

'" 1. 

'" " U 

0 

5 V 
V i~"'CP.\.. 

..... ' 
'"" o. 
ir 
'!! 

...~ 

0 
12 14 

,. ..... 

16 18 20 2' 24 

INPUT VOLTAGE· V IN 

TEST FIGURES 

OPEN ~50V 

OPEN 

Figure 1A 

,. 

26 

COLLECTOR CURRENT AS A FUNCTION 
OF 

40 

_u 

~ 30 

'!! 

'"" iii 
'" 

0 

0 

IX 200 

" u 

'" 
~ 
:::: 100 
o 
U 

-
-

00 

INPUT CURRENT 

, II , / 
I I 

r- j 
~O/ <II 

'r-fi 
'-I V 
/ / 
/1 
'I 

'00 400 600 

INPUT CURRENT IN J.1A - liN 

INPUT CURRENT AS A FUNCTION OF 
INPUT VOLTAGE FOR TYPE ULN-2003 

,. 
'!! 

5 

c( 2.0 
E 
'!! 
I- 1.5 

iii 
'" IX 1.0 

" U ... 
i£ 0.5 
'!! 

o , 

I 

/. ,. 

ULN!2003 

/ "', ,,' 
~ " ~ .. ,v""'" 

/ 
<;~ ,," 

,," 

INPUT VOLTAGE - V IN 

OPEN - SOV 

Figure 1B 

Si!lDotiCS 

ULN2001/2/3/4-N 

ALLOWABLE AVERAGE PACKAGE 
POWER 

DISSIPATION AS A FUNCTION OF 
AMBIENT TEMPERATURE 

0 
'~ 

'" ~ ,,---"" 
5 , 

" , 
" 

50 100 150 

AMBIENT TEMPERATURE IN "c 

INPUT CURRENT AS A FUNCTION OF 
INPUT VOLTAGE FOR TYPE ULN-2004 

z 
_- 2. 0 

~ 1.5 
'!! 

'"" ~ 1.0 

'" '" " ~ 0.5 

ir 
'!! 0 

-~-
5 

ULN!'OO4 

L..- V p-.. ~,.. 
V ~1!~~---- -~ 

10 

INPUT VOLTAGE - VIN 

11 12 

OPEN 

Figure 2 

'e 
HFE= -

'8 

'e 

385 



TEST FIGURES (Cont'd) 
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OPEN 

Figure 3 

+50V 

OPEN 

Figure 6 

TYPICAL APPLICATIONS 

PMOS TO LOAD 

ULN2002 
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Figure 4 
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DESCRIPTION 
The CA3081 and CA3082 are monolithic 
integrated circuits each consisting of seven 
separate npn transistors on a common sub­
strate. The transistors are capable of driving 
loads up to 100mA. At the same time the 
transistor geometry used gives maximum 
current gain at quite low currents, making 
the devices also suitable for small signal 
applications. In the CA3081 the transistors 
are connected in commo.n emitter configu­
ration while in the CA3082 the collectors 
are common. The transistor arrays are par­
ticularly suitable for driving light-emitting 
diodes and seven-segment displays as well 
as for general purpose applications. 

FEATURES 
• VCBO=50V 
• VCEO=35V 
• Col/ector current 100mA 
• Common emitter or common col/ector 

configuration 

CA3081/3082-N 

PIN CONFIGURATIONS 

N PACKAGE N PACKAGE 

ORDER PART NO. ORDER PART NO. 
CA30B2N CA30B1N 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

VCEO Collector-emitter voltage (open base) 35 V 
VCBO Collector-base voltage (open emitter) 50 V 
Vcso Collector-substrate voltage (open base and emitter) 50 V 
VEBO Emitter-base voltage (open collector) 6 V 
lc Collector current (dc) 100 mA 
IB Base current (dc) 20 mA 
P Power dissipation: 500 mW 

anyone transistor 
PTOT total package (see derating curve) 750 mW 
TA Operating ambient temperature -40 to +125 °C 
Tstg Storage temperature -50 to +125 °C 
Tj Junction temperature 125 °C 

Lead temperature (10sec) 300 °C 
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DC ELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise specified. 

PARAMETER 

VCEO Collector-emitter breakdown voltage 

VCSO Collector-substrate breakdown voltage 

VC80 Collector-base breakdown voltage 

VE80 Emitter-base breakdown voltage 

hfe DC current gain 

VSAT Saturation voltage 

NOTE 

As each collector forms a parasitic diode with the substrate, the substrate has to be 
connected to a voltage which is lower than the lowest collector voltage. 

To avoid parasitic coupling between the transistors, the substrate (pin 5) should be 
connected to signal ground. 

TYPICAL PERFORMANCE CHARACTERISTICS 

POWER DISSIPATION 

Ptot 
(mW) 

1000 

500 

o 
-50 

DERATING CURVE 

'" 

" b-... 
150 

TEST CONDITIONS 

Ic-1mA,ls-0 

Ic=1mA,18=O,IE=0 

Ic = 10ILA, IE = 0 

IE = 10ILA, Ic = 0 

IE = 10ILA, VCE = 5V 
IE = 1mA, VCE = 5V 

IE = 20mA, VCE = 5V 

Ic = 5mA, 18 = .5mA 
Ic = 50mA, Is = 5mA 

388 !ii!)notiC!i 

CA3081/3082-N 

CA3081/3082 
UNIT 

Min Typ Max 

35 V 
50 V 
50 V 

6.5 7.0 7.5 V 

50 300 
50 300 
30 200 

0.2 0.4 V 
0.4 0.8 V 
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ANAlnG BUCKET BRIGADE OFI AV LlHE NE502 

NE502-N 

DESCRIPTION APPLICATIONS PIN CONFIGURATION 
• Fixed analog delay 
• Vox control 

The NE502 is a MOS monolithic integrated 
circuit, generally intended to delay ana­
logue signals (e.g. delay time = 512/2fo). • Equalizing speech delay in PA systems 

It can be used with clock frequencies in the 
range 5kHz to 500kHz. 

• Vibrato and chorus effects 
• Reverberation 
• Variable compression/expansion of 

speech The device contains 512 stages, so the input 
signal can be delayed from 51.2ms to 
0.512ms. 

• Speech scrambling and time scale con­
. version 

FEATURES 
• 5 to 500kHz clock frequency 
• 512 stages 
• Signal delay of 51.2 to .512ms 
• Signal frequency to 45kHz . 

EQUIVALENT SCHEMATIC 

13 

o--------------r-------4------------;-------~----+-~----i_-----.2 

o-------------~--------~----------~--------------------~-----., 

.' 
ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Voltages' 
V9-16 Supply voltage o to -20 

Clock input, data input, output voltage o to -18 
and V13-16 
Current 

1a.112 Output current o to +5 
Temperatures 

TSTG Storage temperature -40 to +150 
TA Operating ambient temperature -20 to +85 

'NOTE 

Though MOS integrated circuits incorporate protection against electrostatic discharge, 
they can nevertheless be damaged by accidental over~voltages. To be totally safe, it is 
desirable to take handling precautions into account. 

Si!lDotiCS 

UNIT 

V 
V 

mA 

DC 
DC 

N PACKAGE 

CLOCK GROUND 
INPUT 1 

Ne 

NC 

CLOCK TETRODE 
INPUT 2 GATE (V13-16) 
SIGNAL OUTPUT 512 

INPUT 

NC 

NEGATIVE 
SUPPLY (Voo) 

ORDER PART NO. 
NE502N 

~'6 

fT'---------<o 12 

11,...------<0 8 
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DC ELECTRICAL CHARACTERISTICS TA = -20°C to +S5°C, Voo = -15V, Vr/>1 = Vr/>2 = -1SV, 
V13~16 = -14V, RL = 47kn unless otherwise spec.ilied. 

PARAMETER TEST CONDITIONS 
Min 

Voo Supply voltage1 -18 
100 Supply current 

Vr/>1H, Ve/>2H Clock voltage high -1.5 
Ve/>1L, Ve/>2L Clock voltage low1 -18 

VIN Input voltage VOUT:5 1% THO 
RL -. Load resistance1 10 

AC ELECTRICAL CHARACTERISTICS TA = -20°C to +55°C, Voo = -15V, Ve/>1 = Ve/>2 = -15V, 
V13-16 = -14V, RL = 47kn unless otherwise specilied. 

PARAMETER TEST CONDITIONS 

1e/>1,1e/>2 Clock Irequency2 

Te/>1, Te/>2 Clock pulse width3 
Tre/>1, Tre/>2 Clock rise time3 

T fe/>1, T fe/>2 Clock lall time3 

Is Signal Irequency 
Signal attenuation1 Ie/> = 40kHz, Is = 1 kHz 

Output signal variation Is = 1kHz, Vs = 1Vrms, 5kHz:5 1e/>:5 100kHz 
Output signal variation Is = 1kHz, Vs = 1Vrms, 1ookHz:5 1e/>:5 300kHz 

AVOUT OC voltage shift 5kHz :5 fr/> :5 300kHz 

VN Noise voltage Ie/> = 100kHz (weighted by "A" curve) 
SIN Signal to noise 

NOTES 

1. It is recommended that V'3-'6= Vojo'L +W = Vojo2L +1V; Voo more negative than VojoL. 
2. In theory the clock frequency must be higher than twice the highest signal frequency; 

in practice Is::; 0.31¢ to 0.5f«1> is recommended. depending on the characteristics of the 
output filter. 

3. T = period time = 1If</>. The data on fall and rise times are given to eliminate overlap 
between the two clock pulses. To be independent of these rise and fa/l ti~es a clock 
generator with simple gating can be used. See also pages 5 and 8. 
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Min 

5 

0 

NE502-N 

NE502 
UNIT 

Typ Max 

-10 V 
.3 mA 

0 V 
-15 -10 V 

2.5 Vrms 
47 kn 

NE502 
UNIT 

Typ Max· 

500 kHz 

.5 T 
0.05 T 
0.05 T 

45 kHz 
4 7 dB 

.5 1 dB 

.5 1 dB 

.5 V 

:25 mVrms 
74 dB 



ANALOG BUCKH BRIGADE DELAY LINE NF'02 
NES02-N 

TIMING DIAGRAM 

V.~~ -----------------------------------------'",.5V MAX 

90% 

t/' 1 INPUT 

V13-16 :====+:\:=======j-1--------1-4t:======5~=+===~ Y.p1L 

1------·.,-----./ 

OV -----------------------------------------'" I.SVMAX 

V.2H ---,----r-------"""\ 

¢ 2 INPUT 

Y13-16 :===t-I---------I--'{=======:fl-----------t:==~ V"2L 

1-----·.2-----0-1 
~---------T---------_I 

NOTES 

1. IV, + V21 $ IV4>ILI = V4>2L. 
2. For maximum dynamic range adjust V13-16 so that tN == V13-16 - V¢L:::::' lV. 

TYPICAL PERFORMANCE CHARACTERISTICS 

~ 
co 
> 

OUTPUT VOLTAGE vs 
SIGNAL VOLTAGE 

TYj'CAL VjLUES 

v~~1 
~ 

,.V 
l3V 

~ 

10 

12V -

A 

~ 
o 
o 

~ V 
-lOY 

/' 

-5 -10 

Voo = -15V 
V,3-1. = -14V 
V4>H = OV 
1<1>= 40kHz 
RL = 47kn 

-15 

Smnotics 

1.5 

O.S 
-5 

VOUT vs V </>LOW 

J 
V 

TY1 
V 

/ 
-10 -15 

Voo = -15V 
V,3-,6 = -14V 
V4>H = OV 
14> = 40kHz 
1,= 1kHz 
RL= 47kn 
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TYPICAL PERFORMANCE CHARACTERISTICS 

,-

-7.5 

-10 

10 1 

OUTPUT ATTENUATION 

TYPICAL VALUES 

-- Vs - D.775V 

f f/J - 10kHz -40kHz - 100kHz 

tS(kHz) 

VOO = -15V 
V,3-,6 = -14V 
V.,=Oto-15V 

10 102 

TYPICAL APPLICATIONS 

(Cont'd) 

DISTORTION VI INPUT SIGNAL LEVEL 

7.5 

2.5 

TYP 

10 

YSIRMS)IY) 

1.= 1kHz 
v.= -5. 2V 
Voo = -15V 
V,3-,6 = -14V 
V.,=Oto-15V 
1.,= 40kHz 

NES02-N 

SINGLE DELAY LINE CONNECTION 

394 

AUDIO INPUT ---f 
V S(RMS)< 2.5V 

I 
I 

4. 7kn 

lkn 

6.Bktl 

100 [] 
kn 

:~ 

2.7kfl 

13 

5 MES02 

,. 1 

180 
kn 

9 
100nF 

8 'y 

12_ 120k n 
4 

INOTE.) 
RL= T 210pF 
47kH 

~ 
~UU·2 

NOTES 

1. Adjust dc yoltage lor class-A operation I~ 5V). 
Conditions: low pass Iilter ~A741CV 112dB per octavel; 

gain = +3.5dB (compensation for line attenuation); 
I., = 50kHz (min.); 
cut-off Irequency = 15kHz. 

2. Clock input yoltage amplitude: Vel = -15V. 
3. Can be replaced by a current source 01 100 to 400~A. 

(NOTE 2) 

. S!!IDOliCS 

-15V 

56kn 

:: t 
4 

2 
NE535N 6 72kfl -3 

OUTPUT 

7 

56Kn 

OY 



ANAl Or, BUCKET BRIGADE DELAy LINE 

NES02-N 

TYPICAL APPLICATIONS (Cont'd) 

SERIES CONNECTION OF TWO LINES NE502 

-15Y 

1kn 

6.8krl 

13 9 13 • 
8 I-- 100nF 

5 NE502 121-~ 5 NE502 
8 f-r--I"-- TO LOW PASS 

FIll'ER 

12f-

1. 1 • 1. 1 • 
100 
Kn 

• 100 
kn 

'.7 (NOTE') 
kn 

2.7 :!::: lD"F 
RL = (NOTE 3) 

kn 47kfl 
+ 

~ 

NOTES 

1. Adjust de voltage lor elass-A operation (~ 5Vl. 
2. Clock input voltage amplitude: Vel = -15V. 
3. Can be replaced by a current source of 100 to 400J,tA (see also note 1 on page 41. 

TYPICAL APPLICATIONS (Cont'd) 

CLOCK OSCILLATOR AND DRIVER CIRCUIT WITH ELIMINATION 
OF OVERLAP (FOR MAX. 6xNE502) 

1f2 HEF4011 

1 5 

] )0-2---2 

20kn 

V DD =0 
Vss= -15V 
I</> = 15kHz 

6 

10kn 

-15V 

I. 
SDl 

II~ D, 

] • 3 
CP, FF 

CDl 

,.5OFT • 

-15V 

HEF4013 I 
8 

SD2 

1 
0, r--- 12. 02 02 

13 

11 
CP2 FF 

0, 2 02 
12 

I 
CO2 

5.1 10 
kn 

1 -15V I 22DpF 

Si!lDotiCS 

RL = (NOTE 3) 
47kn 

ov 

·2 
(NOTE 2) 

1/2HEF4011 

8_ 

~ 
10 ., 

12_ 

~ 
11 

·2 
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DESCRIPTION 
The SAA1027 is intended for driving a four 
phase two stator stepper motor. The circuit 
consists of four output stages, a logic part 
and three input stages. The logic part is 
driven by three input stages; a trigger input 
stage, an input stage which can change the 
switching sequence of the logic part so that 
the motor can rotate clock wise (CW) or 
counter clock wise (CCW) and a set input 
stage to set the four output stages. The 
three inputs are compatible with high noise 
immunity logic to ensure proper operation, 
even in noisy environments. The output can 
deliver 350mA in each phase. The right 
switching sequence of the four phases is 
obtained from the logic part of the circuit. 
Integrated diodes protect the outputs 
against transient spikes. 

EQUIVALENT SCHEMATIC 

FEATURES 
• CW or CCW rotation 
• 4-phase drive 
• Few external components 

SAA1027-N 

PIN CONFIGURATION 

N PACKAGE 

S (SET INPUT) 2 TRIGGER INPUT 

R (CW/CCW V P POSITIVE 
INPUT) SUPPLY 

VB POSITIVE 4 Yo POSITIVE 
SUPPLY SUPPLY 

GROUND 5 GROUND 

OUTPUT 01 6 OUTPUT Q4 

NC 

OUTPUT Q2 8 9 OUTPUT Q3 

ORDER PART NO. 
SAA1027N 

BI-DIRECTIONAL, 4 POSITION, SYNCHRONOUS COUNTER 

~----------------------1f--"""'>-------------o5(12) 
o 
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S I [PPER MOIOR DfClVEk CIRCDII 

EQUIVALENT SCHEMATIC (Cont'd) 

017 

018 

supply 
voltages 

trigger 
stage 

cw/ccw 
stage 

. set stage 

ABSOLUTE MAXIMUM RATINGS Limiting values in accordance with the 
Absolute Maximum System (lEC 134) 

PARAMETER RATING 

VOLTAGES 
Vp Supply voltage (pin 4, 13, 14) 20 
VI Input voltage; R (pin 3), S (pin 2), 20 

T (pin 15) 
CURRENT 

10 Output current; 01 (pin 6), 02 (pin 8), 03 500 
POWER DISSIPATION See figure 1 
TEMPERATURES 

TSTG Storage temperature -40 to +125 
TA Operating ambient temperature -20 to +70 

THERMAL RESISTANCE 
8ja From junction to ambient 70 

"NOTE 

Additional power caused by the selfMinductance of the motor-coils will bedissipated in the 
diodes (031 to 0341. 

S!!IDotiCS 

UNIT 

V 
V 

mA 

°C 
°C 

°C/W 

SI\A ' n27 

SAA1027-N 

014 

output stages 
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TRUTH TABLE1,2 

S=H 
R=H 

T Q1 Q2 Q3 Q4 T Q1 

0 L H L H 0 L 
1 H L L H 1 L 
2 H L H L 2 H 
3 L H H L 3 H 
4 L H L H 4 L 

NOTES 
Trigger ConditionslT) 

1. Direction conditions (R) 
The direction of rotation can be changed at any moment independent of the state of 
the T and S inputs. 

2. Set conditions IS) 

R=L 
Q2 

H 
H 
L 
L 
H 

When T is HIGH and 5 LOW then the outputs are set: 0, = L, 02 = H, 03 = L, 04 = H. 

SAA1027-N 

Q3 Q4 

L H 
H L 
H L 
L H 
L H 

DC ELECTRICAL CHARACTERISTICS -20·C::; TA::; 65·, Vp = 12V unless otherwise specified. 

PARAMET.ER TEST CONDITIONS 

Vp Supply voltage Ipin 14) 

Ip Supply current Pin 4 open, without loads, all 
inputs high 

VIH R, S, T inputs 
IIH R, S, T inputs 
VIL R, S, T inputs 
IlL R, S, T inputs 

Vo Supply voltage Each output stage 
IQ Supply current Each output stage 
VSAT Saturation voltage 

Bias voltage and current Reference Figure 2. 
Bias resistor Reference Figure 3. 
Bias resistor power dissipation Reference Figure 4. 

Device power dissipation Reference Figure 5. 

TYPICAL PERFORMANCE CHARACTERISTICS 

POWER DISSIPATION DERATING CURVE BIAS VOLTAGE AND CURRENT 

"Or-----+-----~----_r~ 

3000 r---_r----r----+-------i 

~ 2000 r---_r----r----+-------i ~ ~or-----+----7~----_r.~ 

1 
1000 

200 r------¥-----~----+__I 

-50 50 100 150 
TA (C) 

so 100 150 
3 

IS (mA) V4 -12(V) 

Figure 1 Figure 2 
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SAA1027 
UNIT 

Min Typ Max 

9.5 12 18 V 

2.0 4.5 6.5 rnA 
7.5 V 

1 p.A 
4.5 V 

30 p.A 

1.5 12 18 V 
350 rnA 

1 V 

BIAS RESISTOR 

20 r--------+-

E 10r-----~~~~~~~~ 
ID 
> 

10 103 

Figure 3 



'lillv' II BIRCUlt SA/hOH 
SAA1027-N 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

BIAS RESISTOR POWER DISSIPATION TOTAL DEVICE POWER DISSIPATION 

600 

20 

" ~ 
g 400 

~ E 
'0 

200 

Figure 4 

TYPICAL APPLICATIONS 

Vp = 12V VB = 12V 

B Ip"4.5mA I IS= 80mA l 
100£1 

RB = 120n (O.15W) 

O.1J..!F 

S4A1021 '4 

BI-DIRECTIONAL 

4 POSITION 

SYNCHRONOUS 

COUNTER 

'2 

Figure 6 

STEPPER MOTOR 

-I 
IQ=350mA 1 

---11 

Q, I 1 ... ______ .1 

VQ= 12Y 

SI!IDotiGS 

...... V 

V 
f"""" 

L 
500 1000 1500 2000 

PTOT (mW) 

Figure 5 
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DESCRIPTION FEATURES 
• Cascade voltage gain of 117dB 
• Typical Q of 45 In filter 
• Input resistance> 25K 
• Triple configuration 

The TAA960 consists of three identical 
general-purpose amplifiers integrated in a 
single silicon chip. The amplifiers can be 
used separately or can be cascaded to give a 
voltage gain of 117dB. One of the ampl ifiers 
has an additional emitter-follower stage. 
The TAA960 is very suitable for use in an 
active RC band-pass filter with Q up to 60. 

• Emitter follower output available 

EQUIVALENT SCHEMATIC 

R2 RS R7 RIO 
.2kn .2Kn 520n '2Kn 

Q6 

07 

Rl R9 
4.8KO • .aKn 

R3 AS AS Al1 
20n 20n 2Kn 200 

.0 

':' 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Voltages with respect to pin 10 
Va Suppiy voltage 10 V 
Va. V7. V1 Input voltage 4 V 
Ve. V5. V4.V2 Output voltage 10 V 
la. 17. 11 Input current 50 p.A 
ProT Total power dissipation 250 mW 
TSTG Storage temperature -65 to +125 ·C 
TA Operating ambient temperature -55 to +65 ·C 

NOTES: 
1. With lower de potential on all other terminals. 

400 Si!JDOliCS 

PIN CONFIGURATION 

INPUT A 

OUTPUT A 

y+ 

OUTPUT 
FOLLOWER B 

K PACKAGE 

GAOUND 

OUTPUTB 

ORDER PART NO. 
TAA960K 

TAA960-K 

Ne 
INPUTC 

INPUT B 



DC ELECTRICAL CHARACTERISTICS TA = 25°C, V+ = 6V unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Icc Supply current 2 

Icc Supply current 2 V3 = 10V 

AVOL Voltage gain (each amplifier) 

RIN Input resistance 

ROUT Output resistance Pins 2,5 & 6 

ROUT Output resistance Pin 4 

NOTES 
2. Terminal 8 connected to terminal 6 

Terminal 7 connected to terminal 5 
Terminal1 connected 10 terminal 2 

TYPICAL APPLICATIONS 

ACTIVE RC FILTER FOR FREQUENCIES UP TO 150kHz 

V, 

R 

8 r --------
I 
I 
I 
I 
I 

R 

R c R c 

1 
~v I p 

I. 

.1 TAA960 1 
L---------------~o--------------~ 

R= 10kll 
This frequency range can be extended to 200kHz if a feed forward capacitor is connected 
between pin 5 and B. 

I Frequency 1 
2".RC 

Vp Supply voltage 6 
Filter performance 

Q atTA= 25'C 40 to 55 
Q at TA = -30 to +65'C 35 to 55 
V, Input voltage 400 
Vo Output voltage 400 
<ltol Distortion at Vo = 350mV 2 
SIN SIN ratio at Vo = 400mV 50 
Rs Input"resistor'" 470 

'NOTE 
Value 01 input resistor to be determined lor ~ = 0.90 to 1.1. 

V, 

SmnOliCS 

V 

mV 
mV 
% 
dB 
kll 

Min 

1.5 
1.5 

60 

25 

8 
135 

TAA960-K 

TAA960 
UNIT 

Typ Max 

2.0 2.5 mA 
2.6 3.8 mA 

90 150 VN 

kn 
9 kn 

750 n 
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DESCRIPTION 
The TCA210 is a monolithic integrated cir­
cuit comprising· two amplifiers for use in 
intercoms and other audio systems. The 
first is a high-grain pre-amplifier with differ­
ential input and a class-A output stage 
which can deliver 2.5mW into an 8000 load. 
The second is a power amplifier with a 
class-B output stage capable of delivering 
500mW into a 250 load. 

Speech rating: up to 800mW can be deliv­
ered into a 150 load for short periods. When 
there is no signal, the current consumption 
is 8mA (typ.l. Squelch provision incorporat­
ed in both amplifiers can be used to ensure 
maximum battery life. 

FEATURES 
• Noise figure < 6dB 
• Separate supply and ground leads 
• Preamp open loop gain of 10KV/V 
• Output amplifier gain of 500V IV 
• Output power 500mW 

EQUIVALENT SCHEMATIC 

150-----+-----' 

14 

A7 

PIN CONFIGURATION 

-PREAMP 
INPUT 

PREAMPLIFIER 
SQUELCH 

PREAMP 
OUTPUT 

PREAMPLIFIER 
COMPENSATION 

-AMPLIFIER 
INPUT 

AMPLIFIER 
COMPENSATION 

AMPLIFIER 
SQUELCH 

AMPLIFIER 
GROUND 

12 

N PACKAGE 

ORDER PART NO .... 
TCA210N 

PREAMPLIFIER 
GROUND 

+ PREAMP 
INPUT 

PREAMPLIfiER V + 

+AMPLIFIER 
INPUT 
AMPLIFIER 
COMPENSATION 

AMPLIFIER 
COMPENSATION 

AMPLIFIER V + 

AMPLIFIER 
OUTPUT 

11 

,.0----~-~-4_---~---~4_~~+__4---~~~--~-~~~~--~---~---J 
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TCA210-N 

10 



ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Voltages 
Pin 8 must be externally connected to pin 16 
Pins 3, 9, 10, 14 with respect to pin 16 17 
Pins 1,15,5, 13 with respect to pin 16 17 
Pin 1 with respect to pin 15 ±5 
Pin 5 with respect to pin 13 ±5 
Currents 
Pin 10 550 
Pin 9 ±550 
Pin 8 550 
Pin 14 20 
Pin 3 ±20 
Pins 2, 4, 6, 7,11,12 5 
Pins 1, 15,5,13 0,5 
Temperatures 
Storage temperature TSTG -55 to +125 
Operating ambient temperature 

(see also graph) T A -55 to +125 

'NOTE 

For a supply voltage less than 14V, the maximum input voltage is equal to the supply 
voltage. 

UNIT 

V 
V' 
V 
V 

mA 
mA 
mA 
mA 
mA 
mA 
mA 

°C 

°C 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, V+ = 12 volts unless otherwise specified. 

PARAMETER TEST CONDITIONS 
LIMITS 

Min Typ 

Is Input bias current Pins 1 and 15 1/2((,+r,sJ 2.5 
Icc Supply current Pin 14 4 

Is Input bias current Pin 2 200 
Is Input bias current Pins 5 and 13 1/2((5+1,3) 2 

Icc Supply current Pin 10, no signal 4 
Is Bias current Pin 7 150 

AVOl Open loop gain 65 80 
(Preamplifier) 

Output transistor 2.5 
Output amplifier 
AVOl Open loop voltage gain 54 
POUT Output power 450 

Preamplifier 
NF Noise figure As = 5KO, Bw = 300 to 4KHz 4 
Bw Unity gain bandwidth 6dB/octave compensation 10 

Output amplifier 
THO Total distortion f = 1 KHz, Po = 50mW, Al = 750 1.5 

NOTE 

v+ = 12 volts, TA = 25°C unless otherwise specified 

9i!1DOliC9 

ICAIID 
TCA210-N 

UNIT 
Max 

J.l.A 
J.l.A 

J.l.A 
J.l.A 

J.l.A 
J.l.A 
dB 

mA 

dB 
mW 

dB 
MHz 

% 
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TCA210-N 

TYPICAL APPLICATION 

PRE-AMPLIFIER AND OUTPUT AMPLIFIER FOR INTERCOM SYSTEMS 

r--__ --------+--+------p---~----------...,....-o+12V 

510KH 56Kn 

SQUELCH 

10}..lF 
51011 r + 

V" 

2001} 

TYPICAL PERFORMANCE 
CHARACTERISTICS 

TOTAL POWER DISSIPATION 

1000 

i 
g 
>-
~ .. 

500 

404 

o 
-100 

1\ 
\ 

1\ 
100 

TA(CC) 

200 

56Kfl 
36Kn 

1.6JJF 

10/lF 

510 
Kll 

RLl 
800 33 
II Kll 

ELECTRICAL CHARACTERISTICS TA = 25°C; Vp = 12V 

PARAMETER 
Min 

PRE-AMPLIFIER 
Po Output power at Ru = 8000 
B Bandwidth (-3dB) 

114 Total current 
ViI Input signal 
IZ;I Input impedance 

OUTPUT AMPLIFIER 
Po Output power at RL2 = 250; dl0l = 5% 
Po at RL2 = 150; dtot = 5% 
B Bandwidth (-3dB) 

dtot Total distortion at Po = 50mW 
Vi2 Input signal 
IZil Input impedance 
Ito Total current (dc; no signal; pin 10) 

SiJlDotiGS 

250/lF 

RL2 

LIMITS 
UNIT 

Typ Max 

2, 5 mW 
4 kHz 

4, 0 mA 
1,5 mV 
500 0 

500 mW 
800 mW 

4 kHz 
1,5 % 
260 mV 
1,3 kO 
4 mA 



DESCRIPTION 
The TCA580 is a monolithic integrated gy­
rator circuit with floating inputs. It is in­
tended mainly to replace the coils in tele­
phony low-pass filters. The simulated 
inductance consists of the IC, two resistors 
Rg1 and Rg2 and a capacitor C2. With this 
configuration, inductances of up to 1 MH ± 
2% can be achieved. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

V+ to V- Supply voltages 
±VIC Common mode input voltage 
±VID Differential input voltage 
TSTG Storage temperature 

FEATURES 
• Frequency range dc to 10kHz 
• Q's of 500 10 5000 
• Operating temperature range -20 to 

+70·C 
• Efficiency of 1.4% 

RATtNG UNIT 

14 V 
14· V 
14 V 

-55 to +125 ·C 
TAMS Operating ambient temperature -20 to +70 ·C 

BLOCK DIAGRAMS 

SIMPLIFIED CIRCUIT DIAGRAM 

• P, P2 13 

P, 
5 G, G2 3 

TCA580-N 

PIN CONFIGURATIONS· 

N PACKAGE 

ORDER PART NO. 
TCA580N 

BASIC CIRCUIT 

'3 
P2 

TCA580 3 5 G, G2 

=] C, RG, RG2 C2 
RG' D RG2 C2 

12 G 1 G2 14 
12 G, 

,. 
G 2 

11 P1 P2 • 
11 

P, P2 

DC ELECTRICAL CHARACTERISTICS TA 25°C, V+ = 4.4V, V- = -7.6V unless otherwise specified. 

TCA580N 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Ip Supply current Rp = 50kO 0.8 mA 

n Efficiency (Signal Power + Supply Power) 1.4 % 
AL Inductor tolerance ±0.2 % 

a Qual ity factor Pin 11 grounded, f=200Hz, Rg1 =Rg2= 10kO 500 5000 

VOUT Output voltage (peak) 1.6 V 
Vas Input offset voltage 25 mV 

los Input offset current 9 p.A 
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INTEGRATED GYRATOR. TOASIE 
TCA580-N 

EQUIVALENT SCHEMATIC 

C1 

Vp 

G 

v" 
,. 

G. 3 ,. 

c. 
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I"TEGRAJED GYRATOR 

TYPICAL PERFORMANCE 
CHARACTERISTICS 

a 

2500 

/ 
I 

2000 

) 

./ 
1500 

1000 
10 10 2 10' 

Quality factor as a function of frequency at 

pin 11 connected to earth. (See Figure 1), 

104 

TYPICAL CONNECTION 

P, 
TeAS8D 

P2 

G , G 2 

C1 RG1 c;J 82nF 10kJl 

12 
G, G2 

11 
P, ·2 

-= ,. 

VN 

The values for Land fres in the circuit above are: 

L = RG1 RG2 C2 = 8.2H 

I,e, = -:-r===,=' ==:::'9::4:H=Z= 
2". ';RG1RG2 C, C2 

13 

, 

14 

Figure 1 

TYPICAL APPLICATIONS 

RG2 
10K!! 

C2 
82nF 

TCA580-N 

Circuit and response of a low-pass filter with three TCAS80 gyrators. 

r-----------------,------------------,.o 
ATTENUATION· 

BAND -........... 

0.2 ~-----------------I---------_J~-----l 40 

10K 
t1% 

(dB) 0.1 ~-----------------I---------_I_-------l20 (dB) 

-0.1 , loD""2 ----------------..J,0'=3----------------~104 -20 

'(Hz) 

stgnotlcs 407 



DESCRIPTION 
The TCA980 is a monolithic integrated mi­
crophone amplifier. It is primarily intended 
for use with low-impedance microphones in 
telephone systems. The output of the ampli­
fier is 22mVi/Lbar when used with a micro­
phone having an impedance of 2000 and a 
sensitivity of 100/LVi/Lbar. A capsule assem­
bly containing the TCA980, a low­
impedance microphone and a 0.22/LF ca­
paCitor can directly replace a carbon micro­
phone. The dc supply to the device may be 
of either polarity. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

±12 Supply current (dc) 

FEATURES 
• Voltage gain - 220VN 
• Noise voltage 1.3mVrms 
• Single supply operation 

RATING 

100 
Non-repetitive peak current 100 

+13 Current into pin 3 (dc) 100 
Total power dissipation2 

TSTG Storage temperature -55 to +125 
TA Ambient temperature -55 to +125 
TCR Crystal temperature 125 

THERMAL RESISTANCE 
(JjC From crystal to case 65 
(JjA From crystal to ambient 180 

NOTES 

1. Superimposed on 100mA (dc) 
2. See derating curve. 

408 91!1nOliC9 

TCA980-K 

PIN CONFIGURATIONS 

K PACKAGE 

UNIT 

mA 
mA(ac)1 

/LA 

°C 
°C 
°C 

nQ::=-t 0.48 
-,-MAX 

8.5 T 
MAX 

1 = 

j <.a7MAX 1-,2.7 MIN _I 
ORDER PART NO. 

°C/W TCA980K 
°C/W 



TCA980-K 

EQUIVALENT SCHEMATIC 

R3 R' R2. 
10K!! 2KJ! 

2·:T Rl' 
E!l 

23K!! 

R12 
~ 

;;: 5K!! r-.::.R7 

~R' 011~~ 

R16 

~Rll 7.6KIl 

c...-

Rla 
3.9K!! 

o ~7 0; 7 o,~ 
7

0
\7 

R' 1. R7 R21 

~{l 
2KIl 5U 

'-- ~ 20pF 

~rf 
-

07~ TR3 Rl' 

Rl J, 231<1i 

7.5Kll R" A 
R13 

2K!1 J.. r-.::.R6 
O~ SK!l 

t--!Ra 

o12i~ 
~Rl ~Rl. 

J.. r-.... 
Ra 

R17 

~R12 7.SKll 

03~7 R6 400KU 
BOO!! c...-

Rl. 

'l0011 

04";7 
R2 ~ 70a Rll Rl' 
2KJl 421! 3.9KI! 

DC ELECTRICAL CHARACTERISTICS TA = 25°C. Test Figure 1 unless otherwise specified. 

TCA980 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Vee Supply voltage drop ±12 = 10mA 3.5 5.75 V 
±12 = 30mA 4.45 6.75 V 
±12 = 60mA 5.0 7.8 V 
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AC ELECTRICAL CHARACTERISTICS TA = 25°C, Test Figure 1 unless otherwise specified. 

PARAMETER 

AVOl Voltage gain 

MVOl Voltage gain change 

VOUT Output voltage 

VN Output noise voltage 
ROUT Output impedance 

TYPICAL PERFORMANCE 
CHARACTERISTICS 

750 

500 

250 

410 

POWER DISSIPATION 
DERATING CURVE 

~~ ~ '" '1-", ~ 
'1\ C> 
~"?. \;--

~ ~, 
",* ~ 

'\ ~ 
-50 50 100 

TEST CONDITIONS 

Test Figure 1, f = 2kHz. 12 = ±30mA 
Test Figure 1, f = 2kHz, 12 = ±10mA 

-20°C SO; TA SO; 55°C 
300Hz SO; f SO; 2kHz 

f = 2kHz, dTOT < 5% (rms). 12 = ±10mA 
f = 2kHz, dTOT < 5% (rms), 12 = ±30mA 
f = 2kHz, dToT < 5% (rms), 12 = ±60mA 

BW = .3kHz to 4kHz 
f = 2kHz, 12 = ±30mA 

TEST LOAD CIRCUITS 

TCA980 

Test Figure 1 

S!!IDOliGS 

RL 
300n 

Min 

190 
160 

1 
1.35 

1 

TCA980-K 

TCA980 
UNIT 

Typ Max 

220 260 VIV 
260 VIV 

10 % 
1 3 dB 

V 
V 

1.5 V 

1.3 mVrms 
150 0 



DESCRIPTION 
The TDA1024 is a monolithic integrated 
circuit intended for use in ON/OFF control 
of triacs in static switching applications. It 
incorporates zero voltage point triggering 
to minimize radio interference. 

The TDA1024 is mainly intended for appli­
cations such as switching resistive loads 
and replacing mechanical thermostats in, 
for example: 

Central heating installations, 
Washing machine heaters, 
Water heaters, 
Smoothing irons. 

Functions of the TDA1024 are: 

1. A comparator with Schmitt-trigger ac­
tion. 
This circuit compares the control voltage 
at pin 5 with the reference voltage at pin 4 
and switches on when the control voltage 
exceeds the reference voltage. The hys­
teresis of the circuit is adjustable be­
tween 20m V and 300mV by selection of 
the value of a resistor connected between 
pin 3 and pin 1. 

2. An input buffer circuit with high input 
impedance and low output impedance. 
This circuit presents a low impedance to 
the comparator input so that the hystere­
sis of the circuit is independent of varia­
tions of the input voltage. 

3. A control circuit dc supply which pro­
vides a zener-limited nominal 6.5V sup­
ply, at a current df up to 30mA, for appli­
cation to the input bridge. 

4. Azero-crossing detector which produces 
an output when the sinusoidal voltage 
applied to pin 6 passes through zero; 
advantage of this mode in minimum radio 
interference. 

5. A control gate which inhibits the output 
trigger pulse from the TDA1024 unless 
there are outputs from both zero­
crossing detector and comparator. 

6. An output stage which delivers a positive­
going, mains-synchronized triac trigger 
pulse whenever the control gate is acti­
vated. The output from this stage is 
current-limited and protected against 
short-circuit. Since the current and vol­
tage in the load must be in phase for 
mains-synchronized switching, the ap­
plications of the TDA 1024 are restricted 
to the switching of resistive loads. 

FEATURES 
• Trigger current> 100mA 
• Supply derived from ac lines 
• Adjustable hysteresis 
• Minimum of external components 

BLOCK DIAGRAM 

MAINS CONTROL CIRCUIT 
(V s) DC SUPPLY 

IDAI024 
TDA1024-N 

PIN CONFIGURATION 

N PACKAGE 

GROUND 0 8 ~g~~~~~yCIRCUIT 
T;~~~~~ 2 7 AC MAINS SUPPLY 

HYSTERESIS MAINS 
CONTROL 3 6 SYNCHRONIZATION 

REFE~~~~~ 4 5 CONTROL INPUT 

OROER PART NO. 

TDA1024N 

MAINS 
SYNCHRONIZATION 

TRIGGER 
OUTPUT 

HYSTERESIS 
CONTROL 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Vee Supply voltage (pin 7l 8 V 
VIN Max applied VOltage (pin 2, 3, 8 V 

4, 5 & 8 reference to pin 1) 
Icc Supply current (pin 7) average 30 mA 
Icc Supply current (pin 7) peak 80 mA 

Max current pins 4, 5, & 6 10 mA 
Non-repetitive peak current 2 A 
(pin 7) Tp < 5Ol'S 

lOUT Output current (pin 2) average 30 mA 
lOUT Output current (pin 2) peak 400 mA 

Tp < 3OOl's 
TSG Storage temperature -55 to +125 °C 
TA Operating ambient temperature -20 to +80 °C 
PD Power dissipation See derating curve 

Lead temperature (soldering, 10sec) 300 °C 
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EQUIVALENT SCHEMATIC 

02 
.-_________________ A 

R1 

01 

R2 

o-~----~~~~--------~--------~--~~--c 
L ___________ L ________________________ ~ 

r--------T---------------------------------,----------------r-----------, A ________ -;I ________________________________________ ~ 

R14 

c~~~~-;~~--------~+_-+----~~~----+_-+--~~_4------~~--------~~~~----~ 
0--~-----41--------------4_------------____ +_----_4~-4----~ 

INPUT BUFFER I COMPARATOR CONTROL GATE OUTPUT 
I 3 I L ________ ~ __________________________________ L ______ ~ ________ ~ ___________ ~ 

DC ELECTRICAL CHARACTERISTICS 

TDA1024 
PARAMETER TEST CONDITIONS 

Min Typ Max 
UNIT 

Trigger output 
lOUT Trigger output current Va-1 = 5.5V 100 mA 

V2-1 Trigger output voltage lOUT =100mA 4 V 

Comparator 
14 Input cu rrent pi n 4 V4-1 > VS-1 5 IJA 
15 Input current pin 5 5 IJA 

Va Control circuit dc supply (pin 8) 17 = 10mA 5.5 6.5 7.5 V 

Icc Supply current VS-1 > V4-1, Va-1 = 5.5V, pins 2 & 1.8 mA 
3 open minimum hysteresis 

Icc Supply current Pin 2 open, pin 3 = OV, VS-1 > V4-1 3 mA 
Va-1 = 5.5V maximum hysteresis 
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AC ELECTRICAL CHARACTERISTICS 

PARAMETER 

TTRIGGER Trigger pulse width 

I1VS-4 Comparator hysteresis 
I1VS-4 Comparator hysteresis 

TYPICAL PERFORMANCE CHARACTERISTICS 

200 

150 

~ 100 
a: 

50 

TRIGGER PULSE WIDTH vs 
SYNCHRONIZATION RESISTOR 

1000 r--:-:-=T'"'--,-.:=--,-----, 
220V 

~ 500 f--+-f-H~---1-:.-,;-;;,0"'V +----1 
a: 

250 500 

Tp(/.lS) 

750 

Use Test Circuit CKT 1 

AVAILABLE TRIGGER CURRENT 

10 

12(AV) (mA) 

Use Test Circuit 3 

15 

TDA1024-N 

TDA1024 
TEST CONDITIONS 

Min Typ Max 
UNIT 

Ie = 1 mA, VS-l = 5.5V 130 195 265 Jjs 

Pin 3 open, Is = 0 10 30 mV 
V3 = 0 300 mV 

OUTPUT CURRENT vs GATE RESISTOR 

200 

150 

::::. 100 

" a: 

50 

Smnotics 

" > 

50 

12(mA) 

Use Test Circuit CKT 2 

AVAILABLE TRIGGER CURRENT 

10 

'2(AV) (mA) 

Use Test Circuit 3 

100 

15 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

414 

AVAILABLE TRIGGER CURRENT 

200 

150 h-III~r\-\-\-,\--iI-----------f-----------I 

~ 100~~~~~~~---------1-----------1 
a: 

12(AV) (mA) 

Use Test Circuit 3 

10 

MINIMUM REQUIRED SUPPLY CURRENT 

10 15 20 

17(A-V) (rnA) 

Use Test Circui"t 4 

DROPPING RESISTOR POWER DISSIPATION 
USING DROPPING CAPACITOR 

1000 

PRSO 

~ e 
'0 500 

'" a: .. 

10 

~s.::: 

220V 

240V 

CD 

20 
17(mA) 

30 

1000 

Co 
(nF) 

500 

15 

Gi!lDOliGG 

IDIID!4 
TDA1024-N 

AVAILABLE TRIGGER CURRENT 

~O .. mm~~~-'-----------'-----------' 

150~~~~~~r---------~----------~ 

C, 100 r--W~~"""'Mr->_~,-----i-------
a: 

12(AV) (rnA) 

Use Test Circuit 3 

10 

MAXIMUM SERIES RESISTANCE AS A 
FUNCTION OF REQUIRED SUPPLY CURRENT 

g 
>< .. 
'" 0 
a: 

1.r-----~r------,-------, 

12 

8 

o~------~----~~----~ 
o 10 20 

17MIN(mA) 

Use Test Circuit 5 

30 

1200 

~ 
'" " 

800 

400 

POWER DISSIPATION DERATING CURVE 

500 

~ 
g 
I-
0 
I-.. 

250 

le°O 

50 100 150 

15 



TEST LOAD CIRCUITS 

Vs 

I.! RS 

• 
TDA1024 

2 

~ ~ I RG 

TRIGGER Jl 
PULSE 

--II- '=' 

Tp 

Use Test CKT 1. Synchronization resistor (Rs) value 
as a function of required trigger pulse width (tpJ with 
applied mains voltage (Vs) as a parameter. 
Tolerance for Rs: ±5% 

Vs: ±100/0 

vs 

TDA1Q24 

3 2 

-
Use Test CKT 4. Minimum required supply current (h) 
as a function of maximum average trigger current 
(l2(a\l), with hysteresis setting as a parameter. 

13 ::::: 0; m in. hysteresis. 
V3::::: 0; max. hysteresis, 

TOA1024 

2 1 

~ ~ I RG 

t I{Jl t 
V2 VG 

j j 

Use Test CKT 2. Gate voltage (Va) as a function of 
trigger current (12) with gate resistor (RGJ load lines. 

Vs 

"1 
RO 

F- a 

~~ 
v, TDA1024 '---

~~ 
1 

-

-

cs 
(10V) 

Use Test CKT 5. Value of Rd max as a function of 17min 

with supply voltage (Vs) as a parameter. 
Also shown is the value of the smoothing capacitor 
(Cs) as a function of 17min. 

TDA1024-N 

vs 

RS 

• 
TDA1024 

2 

~ ~ 1 RG 

--12(AV) 

~ 

Use Test CKT 3. With the circuit above. They show the 
maximum average trigger current 12(av) as a function of 
the value of RG with the value of Rs as a parameter for 
Vs = 110V; 220V; 240V; 380V respectively. 

--._----------.-----vs 

1 
RSO 
390n 

I, feD 

TDA1024 

1 

Use Test CKT 6. Using a capacitor for mains supply 
voltage t;lropping. 

COMPONENT VALUES AND CIRCUIT PARAMETERS 

VALUE 
PARAMETER FIG. 1 FIG. 2 

tp(/LS) Trigger pulse width 105 105 
Rs(ko) Sync. resistor 180 180 
RG(O) Gate resistor 33 33 
12(av)(mA) Average gate current 3.7 3.7 
'7(mA) Min. required supply current 6.5 6.5 
Rd(kO) Mains dropping resistor 10 -
CS(f.LF) Smoothing capacitor 470 470 
Cd(nF) Mains dropping capacitor -- 270 
PRsd(mW) Power dissipated by Rsd -- 190 

Design data for the two previous circuits (for other circuits the same sequence of 
component value selection must be used): 
BT138 triac with: VGT = 1.6V at O°C Mains voltage: Vs = 220V 

IGT = 72mA at O°C Triac load: 1200W 
IL < SOmA 

TEST 
CIRCUIT 

1 
2 
3 
4 
5 
5 
6 
6 
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CROSSING lIN ''1 F TRIAC CONTROt 

TYPICAL APPLICATIONS 

416 

RESISTIVE 

R. RO LOAD 
1200W 

~7~ 

Rl I 
20K!1 5 • 7 , 

10~F :: 
>---

c. 
110VI 

-

NOTES 

+ --
-" ~OTE 
( ., 

TDA1024 

4 3 , 
Rp I I I 
22KB 

1. Spike suppressor (VORl: 350V/1mA 12322594135121 
2. R25 = 22kO 

8T138 

1 

~ ;s RG 

The TDA1024 used in a 1200W thermostat covering the temperature range 5°C to 30°C 
and.designed to minimize the power dissipated by mains dropping resistor Rd by using a 
rectifier diode. 

c. 
110VI 

+ 

'-

NOTES 

"' 20KH 

-" 
( 

f--
10~n;:: 

~TE ". , 
22Kll 

Figure 1. 

R. "so 
390l! 

Co 

I 
5 • 7 

TOA1024 

4 3 • 
I I I 

1. Spike suppressor (VORl: 350v/1mA 12322 594 135121 
2. R25 = 22kO 

RESISTIVE 
LOAD 
1200W 

I , 
8T138 

1 

"!¥ ~ I RG 

1 

The TDA1024 used in a 1200W thermostat covering the temperature range 5°C to 300 e 
and designed to minimize the dissipation in the mains voltage reduction circuit by using 
capaCitor Cd. . 

Figure 2 

(-

( 

Gi!lnotiCG 

kOTE 
U 

Vs 
220V 

Vs = 
220V 

~TE1 
U 

TOAlul. 
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DESCRIPTION 
The TDA1060 is a monolithic integrated 
circuit intended for the control of switched 
mode power supplies. It incorporates all the 
control and protection functions likely to be 
required in switched mode power supplies 
for professional equipment. 

FEATURES 
• Stabilized power supply 
• Temperature compensated Yoltage refer-

ence 
• Sawtooth generator 
• Pulse width modulator 
• Remote ON/OFF switching 
• Current limiting 
• Low supply Yoltage protection 
• Loop fault protection 
• Demagnetization/oYer Yoltage protec-

tion 
• Maximum duty cycle adjustment 
• External synchronization input 
• Feed forward 

FUNCTIONAL DESCRIPTION 
A. Stabilized Power Supply 

The circuit can be fed either by a current 
source (e.g. connected to the high volt­
age input of the SMPS via a series resis­
tor), or a voltage source (e.g. a 12Vbat­
tery). When fed from a 12V supply the 
maximum current consumption is 10mA. 

The stabilized voltage is typically 8.4V 
and is available on pin 2 for supplying 
external circuitry. Up to 5mA can be 
drawn from this supply whereupon the 
total IC current consumption increases 
by the same amount. This stabilized 
supply is protected against short cir­
cuits. 

B. Reference Voltage Source 
The reference voltage for the SMPS is 
incorporated in the IC. The temperature 
stability ofthis reference is±1 OOppm/o C 
maximum. 

C. Sawtooth Generator and Feed 
Forward 
The frequency of the sawtooth generator 
is set by an external resistor (pin 7) and a 
capacitor (pi n 8), The frequency can be 
determined with the aid of Figure 3. It 
may be set between 50Hz and 100KHz 
and is virtually independant of supply 
voltage. 

The upper and lower levels of the saw­
tooth are fixed by an internal resistor 
divider. Since these resistors form a 
bridge configuration with the external 
voltage divider for the /lomax setting; the 
accuracy of the /lomax setting is deter-

mined by resistor matching rather than 
by absolute values. 

During the flyback of the sawtooth the 
output pulse is inhibited. This acts as an 
internal duty cycle limiter. Since the 
flyback time is 1!Ls (with 1 nF capacity), 
the maximum duty cycle is limited to 95% 
at 50KHz. 

The frequency of the sawtooth can be 
synchronized via the TTL-compatible 
input on pin 9. The synchronizing fre­
quency must be lower than the oscillator 
free running frequency. When the input 
on pin 9 is Low the sawtooth generator is 
stopped, starting again when the input 
goes High. For free-running operation 
pin 9 is left dissconnected. 

Feed forward can be provided via pin 16 
which has the effect of varying the sup­
ply voltage of the sawtooth generator 
with respect to the stabilized voltage. 
When the voltage on pin 16 increased the 
upper level of the sawtooth is also in­
creased. Since neither the 6-max voltage 
level nor the feedback voltage are influ­
enced by the feed forward; the duty cycle 
reduces. This is a linear function and can 
therefore compensate for supply voltage 
variations. If feed forward is not required 
pin 16 should be connected to pin 12. 

D. Feedback Amplifier 
The difference between the feedback 
voltage (pin 3) and the internal reference 
voltage is amplified in an operational 
amplifier. The output signal is compared 
with the sawtooth which has an ampli­
tude of typically 4.5V (without feed for­
ward). 

The gain can be controlled bya feedback 
circuit from the op. amp. output (pin 4). 
To avoid instability a capacitor should be 
connected across the op amp (I.e. be­
tween pins 3 and 4), 

E. Remote ON/OFF 
Remote switching can be provided 
through the TTL-compatible input on 
pin 10. When this input is Low the circuit 
is switched off. With the input High the 
circuit switches on via the slow start 
procedure. 

F. Current Limiter 
The current limiter comprises two com­
parators with trip-on levels of 480mV and 
600mV respectively. When the voltage 
on the current sense input (pin 11) ex­
ceeds 480mV, the output pulse is imme­
diately cut off, starting again at the next 
period. If the voltage exceeds 600mV, the 
output pulse is inhibited during a certain 

segnaties 

TDA1060-N 

PIN CONFIGURATION 

FEEDBACK 
VOLTAGE 

MODULATION 
INPUT 

N PACKAGE 

16 FEEDFORWARD 

15 COLLECTOR 
OUTPUT 

'4 EMITTER OUTPUT 

13 g~~:~~~~~Z:;IONI 

11 CURRENT SENSE 

10 REMOTE ON {OFF 

"dead time", during which the slow start 
capaCitor is unloaded. After this the cir­
cuit starts again with slow start. 

G. Low Supply Voltage Protection 
When the supply voltage is too low (less 
than Vz + 0.2V) the circuit is automatical­
ly switched off. Starting takes place 
again via the slow start as soon as the 
supply voltage exceeds this threshold 
value. 

H. Feedback Loop Fault Protection 
If the feedback loop is open, the feed­
back input (pin 3) is pulled high by an 
internal current source making the duty 
cycle zero. If the feedback loop is short­
circuited, or if the feedback voltage does 
not exceed 600mV, the /lomax pin is 
connected to the lower level of the saw­
tooth by a 1 kO resistor. This causes a 
lower /lomax voltage as described in the 
maximum duty cycle and slow start sec­
tion. 

I. Output 
The output circuit comprises a latch and 
an output transistor. Both collector and 
emitter of the output transistor are avail­
able on pins 15 and 14 respectively. The 
collector is internally connected to the 
supply voltage of the integrated circuit 
by a clamping diode to limit the output 
voltage in the case of a fault in the exter­
nal drive circuit of the switching transis­
tor. 

J. Demagnetisation/Overvoltage 
The demagnetisation/overvoltage input 
(pin 13) inhibits the output when the 
voltage at this pin exceeds the trip-on 
level of 600mV. The combined function 
can be realized by a zener diode from the 
output voltage of the SMPS to this pin 
(e.g. a 5.6 zener in a 5V supply) and the 
demagnetisation sensor connected also 
directly to this point. 
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SWITClIEO MODE POWER SUPPLY CONTROL UNIT TOII060 
TDA1060-N 

K. Maximum Duty Cycle and Slow BLOCK DIAGRAM 
Start ,-------------------------------------------------, 
The voltage on pin 6 (Il-max setting) 
determines the maximum output duty 
ratio. As explained in section C the Il­
max setting accuracy is very good since 
the voltage at this pin is divided by a 
resistive divider from the Vz voltage. 

In the event of a loop fault the Il-max pin 
is connected via an internal 1 k!1 resistor 
to the lower limit of the sawtooth voltage. 
Thus the Il-max value is decreased to a 
level determined by the impedance of 
the Il-max resistive divider to the internal 
1k!1. 

The capaCitor connected to the Il-max pin, 
together with the impedance of the resistive 
divider, determines the time constantforthe 
slow start. For remote ON/OFF or when the 
current sensing voltage exceeds 600mV, the 
value of the capaCitor determines the dead 
time of the slow start procedure. 

L. Modulation Input 
Pin 5 gives an input to the pulse width 
modulator which may be used for cur­
rent mode regulation. The duty cycle 
reduces when the, voltage at this point 
decreases. . 

418 

FEED 
C SYNC FORWARD Vz E() V(.) 

8 9 16 2 

GAIN 40---+----, 

FEED aO--..,...-t., 
BACK 
VOLTAGE 

6 5 
6 MAX MOO 

INPUT 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vee Supply voltage 
Icc Supply current 

Output current 
Voltages at the pins 
with respect to pin 12 

Feed forward (pin 16) 
Output emitter (pin 14) 
Output collector (pin 15) 
All other inputs 

Storage temperature 
Operating temperature 

Si!lDotiCS 

,. 
REMorE 
ON/OFF 

12 

11 13 
CURRENT DEMAG I 

SENSE OVERVOL TAGE 

RATING 

Min Max 

-0.5 ,18 
0 30 
0 40 

0 V+ 
0 5 
0 V+ 
0 Vz 

-25 +125 
-25 +85 

OUTPUT 

14 

UNIT 

V 
mA 
mA 

V 
V 
V 
V 

DC 
DC 



TDA1060-N 

DC ELECTRICAL CHARACTERISTICS TA = 25DC, Vs = 12V (VP) unless otherwise specified.1,2,3,4,5 

TDA1060 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

VIN Input voltages 
Pin 1 Current FED 11 =10mA 20 21 23 V 
Pin 1 Current FED 11 = 30mA 20 25 30 V 

Vz Pin 2 7.8 8.4 9.0 V 

~Vzltemp. Vz drift -1.3 1.3 mV/DC 

Pin 10 Remote ON/OFF2 Circuit ON 2 Vz V 
Pin 10 Remote ON/OFF2 Circuit OFF 0 0.8 V 

Pin 11 Inhibit Single pulse inhibit 0.76 0.8 0.84 V11(Start) 
Pin 11 Start Shutdown/slow start 470 600 720 mV 

Pin 3 Feedback loop protection Trip on 470 600 700 mV 

Pin 14 Maximum emitter voltage 5 V 
Pin 14-15 Saturation voltage 115 = 40mA 400 mV 

Pin 13 Over vOltage input4 Trip on level 470 600 720 mV 

Pin 6 a-max voltage level Duty cycle = 50% (15-50kHz) 0.38Vz 0.4Vz 0.42Vz V 

Pin 9 Synchronization input Sawtooth stopped 0 0.8 V 
Pin 9 Synchronization input Sawtooth running 2 Vz V 

VREF Reference voltage 3.42 3.72 4.03 V 
~VREF Temperature coefficient -100 100 ppm/DC 

of reference voltage 
Lower sawtooth level 1.1 V 
Upper sawtooth level 5.6 V 

VPT Supply voltage protection Trip-on level Vz+.2 Vz+1.7 V 
~VPT Supply voltage protection -6.5 mV/DC 

Temperature coefficient 

liN Input currents 
Pin 1 Supply current Voltage FED 5 10 mA 
Pin 2 Maximum allowable external 5 mA 

current drain 

Pin 3 Input current -40 p.A 
Pin 10 Sink current2 V10 = 0 -90 p.A 

Pin 11 Input current V11 = 250mV 12 p.A 
Pin 15 Available output current .' 40 mA 

liN Input currents 
Pin 13 Input current4 V13 = 250mV 10 p.A 
Pin 6 Input current Va = 1V 20 p.A 
Pin 16 Input current 5 p.A 

Pin 9 Sink current Vg = 0 -90 p.A 
Pin 5 Input current Vs = 1V -40 p.A 

R Sawtooth resistor value 10 40 kO 
R Amplifier resistor value 100 kO 

AVOL Amplifier open loop gain 60 dB 
Internal duty cycle limiting Period time T P.s (T-1)/T 

C = 1nF (T-1)/T 
a-max setting 0 

NOTES 
1. The remote ON/OFF is not active when this pin is not connected. 
2. The synchronization is not active when this pin is not connected. 
3. The demagnetisation/overvoltage protection is active when this pin is not connected. 
4. The current limiter is active when this pin is not connected. 
5. All voltages with respect to pin 9. 
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AC ELECTRICAL CHARACTERISTICS 

PARAMETER TO FROM TEST CONDITIONS 

To Delay time Output Pin 11 25% overdrive, 40mA 
output current 

F Sawtooth frequency range Figure 3 

ilFI ilV Frequency drift with supply 8:5 V16:5 V+ 

TYPICAL PERFORMANCE 
CHARACTERISTICS 

TYPICAL APPLICATION 

SAWTOOTH FREQUENCY 
AS A FUNCTION OF C 

100 ,---.,-----r--,---,,---. 
OUTPUT 

DEMAGNETIZATION 
SENSOR 

TDA1060 

Min Typ 

0.05 

..... .... 

1011060 
TDA1060-N 

Max 

0.8 

100 

2.3 

UNIT 

,..8 

kHz 

% 

S.M.P.S . 
OUTPUT 

VOLTAGE 

CURRENT 
REMOTE 
ON IOFF 

420 
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HIGH VOLTAGE 7 SEGMENT DECODER DRIVER 

DESCRIPTION 
The DS8880 is a high voltage seven­
segment decoder/driver designed to de­
code BCD and drive gas filled seven­
segment display tubes. 

Decoding is performed by a 16X7 read only 
memory. Thus, for applications desiring 
other fonts, or applications not using stand­
ard BCD inputs, the ROM contents can be 
altered via metal mask change to produce 
any seven-segment combination for any 16 
binary input combinations. 

The output of the ROM is used to drive high 
voltage constant current sink generators. 
The current sinks of the DS8880 will with­
stand 80V output min. while those of 
DS8880-1 will withstand 100V. The current 
sinks are ratioed to the B output current as 
required for even illumination of the seg­
ments. Output currents may be varied over a 
0.2 to 1.SmA range through use of the exter­
nal current programming input. 

Blanking input provides unconditional 
blanking of any output display, while the 
ripple blanking pins allow simple leading or 
trailing zero blanking. 

LOGIC AND CONNECTION DIAGRAMS 

r - - - - - - - - - - - - - . OUTPUT 

I r+----~ 

A INPUT 

B INPUT 

D INPUT 

I 
I 

RIPPLE 
BLANKING -+-----1 

INPUT 

BLANKING 
INPUT! 

BL':~~~~ +--~--l 
OUTPUT I 

16 WORD x 1 BIT 
READ ONLY 

MEMORY 

r----+--.;_ b OUTPUT 

r----+---I- c OUTPUT 

r----+---:- d OUTPUT 

r----+--+_ B OUTPUT 

r----+---'- f OUTPUT 

r-----+--+_ ,OUTPUT 

CURRENT 
PROGRAMMING 
INPUT L _______________ ~ 

TRUTH TABLE 
SEGMENT 
IDENTIFICATION 

DECIMAL 
OR RBI D C B A BI/RBO a b c 

FUNCTION 

0 1 0 0 0 0 1 0 0 0 
1 X 0 0 0 1 1 1 0 0 
2 X 0 0 1 0 1 0 0 1 
3 X 0 0 1 1 1 0 0 0 
4 X 0 1 0 0 1 1 0 0 
5 X 0 1 0 1 1 0 1 0 
6 X 0 1 1 0 1 0 1 0 
7 X 0 1 1 1 1 0 0 0 
8 X 1 0 0 0 1 0 0 0 
9 X 1 0 0 1 1 0 0 0 
10 X 1 0 1 0 1 0 0 0 
11 X 1 0 1 1 1 1 1 0 
12 X 1 1 0 0 1 0 1 1 
13 X 1 1 0 1 1 1 0 0 
14 X 1 1 1 0 1 0 1 1 
15 X 1 1 1 1 1 0 1 1 
BI X X X X X 0 1 1 1 

RBI 0 0 0 0 0 0 1 1 1 

9~nDtiC9 

uS8880 0588811 1 
DS8880/8880-1-F,N 

PIN CONFIGURATION 

F,N PACKAGE 

B Input Vee 

9 Output 

a Output 

b Output 

c Output 

d Output 

e Output 

FEATURES 
• Current source outputs 
• Adjustable output current-O.2 to 1.SmA 
• High output breakdown 'voltage-110V 

TYP 
• Suitable for multiplex operation 
• Blanking and ripple blanking provisions 
• Low fan-in and low power 

d 

d e f g DISPLAY 

0 0 0 1 0 

1 1 1 1 j 

0 0 1 0 ,::' 
0 1 1 0 c, 

1 1 0 0 '-I 

0 1 0 0 -
-' 

0 0 0 0 .'5 

1 1 1 1 -: 

0 0 0 0 s 
0 1 0 0 '3 

1 0 0 0 IS' 

0 0 0 0 ,'= 

0 0 0 1 -
'-

0 0 1 0 .0 

0 0 0 0 E 

1 0 0 0 : c 

1 1 1 1 
1 1 1 1 
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OS8880/8880-1-F,N 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Vee 7 V 
Input voltage 

Except B1 6 V 
B1 Vee 

Segment output voltage 
OS8880 80 V 
OS8880-1 100 V 

Power dissipation* 600 mW 
Operating temperature range o to +70 °C 
Storage temperature range -65 to +150 °C 
Lead temperature 300 °C 

(soldering, 10 sec) 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = 5V unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Logic "1" input voltage Vee = 4.75V 
Logic "0" input voltage Vee = 4.75V 

Logic "1" output voltage (RBO) Vee = 4.75V, lOUT = -200,..A 
Logic "0" output voltage (RBO) Vee = 4.75V, lOUT = 8mA 

Logic "1" input current (except Bil Vee = 5.25V, VIN = 2.4V 
Vee = 5.25V, VIN = 5.5V 

Logic "0" input current (except Bil Vee = 5.25V, VIN = 0.4 
Logic "0" input current (Bil Vee = 5.25V, VIN + O.4V 

Power supply current Vee = 5.25V, all inputs = OV, Rp = 2.2k 

Input diode clamp voltage Vee = 5V, liN = -12mA 

Segment outputs: 
Outputs a, f, g on current ratio All outputs = 50V, output b curro = ref. 
Output c on current ratio All outputs = 50V, output b cu rr. = ref. 
Output d on current ratio All outputs = 50V, output b curro = ref. 
Output e on current ratio All outputs = 50V, output b curro = ref. 

Output b on current Vee = 5V, VOUT b = 50V, 
Rp = 18.1k 

Vee = 5V, VOUT b = 5OV, 
Rp = 7.03k 

Vee = 5V, VOUT b = 50V, 
Rp = 3.40k 

Vee = 5V, VOUT b = 50V, 
Rp = 2.20k 

Output saturation voltage Vee = 4.75V, lOUT = 2mA, 
Rp = 1k ±5% 

Output leakage current: 
OS8880 VOUT = 75V, BI = OV 
OS8880-1 VOUT = 95V, BI = OV 

Output breakdown voltage: 
OS8880 lOUT = 250,..A, BI = OV 
OS8880-1 

Propagation delays: 
BCD input to segment output Vee = 5V 
BI to segment output Vee = 5V 
RBI to segment output Vee = 5V 
RBI to RBQ Vee = 5V 

'NOTE 
Min/max limits apply across the guaranteed operating temperature range of O°C to 
700 e unless otherwise specified. Positive current is defined as current into the 
referenced pin. 

424 9~nDliC9 

DSBBBO/BBBO-1 
UNIT 

Min Typ Max 

2.0 V 
0.8 V 

2.4 3.7 V 
0.13 0.4 V 

2 15 ,..A 
4 400 ,..A 

-300 -600 ,..A 
-1.2 -2.0 mA 

27 43 mA 

-0.9 -1.5 V 

0.84 0.93 1.02 mA 
1.12 1.25 1.38 mA 
0.90 1.00 1.10 mA 
0.99 1.10 1.21 mA 

0.15 0.20 0.25 mA 

0.45 0.50 0.55 mA 

0.90 1.00 1.10 mA 

1.35 1.50 1.65 mA 

0.8 2.5 V 

.003 3 ,..A 

.005 3 ,..A 

80 110 V 
100 110 V 

0,4 10 ,..s 
0.4 10 ,..s 
0.7 10 ,..s 
0.4 10 ,..s 



TYPICAL PERFORMANCE CHARACTERISTICS 

10.0 

1', 
3.0 

" ... , 
I" 

.s 
!2 
w 
III: 
a: 1.0 :::J 

" .. 
~ 
:::J 
0 .. 

0.3 

0.1 

OUTPUT CURRENT 
PROGRAMMING 

"" 1', 

10 

Rp(Hll 

VCC=5V 
VOUT -SOV 
TA '" 25°C 

., 
30 

TYPICAL APPLICATION 

DISPLAY 

Vec 
(5V· 5 3141 

Rp 
DECODER/DRIVER 

PROG. 

MEMORY 

STROBE 

COUNTER 
COUNT 
INPUT 

1.04 

0 1.03 
~ 
III: 
III: 
0 1.02 
i w 
III: 
III: 
:::J 1.01 

" 2 
0 
C 
w 1.00 N 
:::; 
« 
:IE 
III: 0.99 
~ 

0.98 

0.97 
100 

VAA 
(170 . 200 VOCI 
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A 

7475 
QUAD LATCH 

A 

7490 
DECAoe 

COUNTER 

9i!)DOtiC9 

ON CURRENTS vs 
TEMPERATURE 

~ "'~ @:o'l' 

v'" 
~ 

/ 
/ 

V 

DS8880/8880-1-F,N 

/ 
/ 

V 

/ ON CURRENT RATIOS 

V VCC .15V 
I 

/ VOUT=50V -
V Rp=OTEMP.COEF. 

0.2 mA<IOUT<1.5mA 

/ I I 

/ 
10 20 30 40 50 60 70 

RBI 

BI/RBO 

GND 

-

COUNT 
OUTPUT 
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PRELIMINARY SPECIFICATION 
Contact factory for product status. 

DESCRIPTION 
The NE580 is a dual bar-graph logic circuit 
designed to· provide all the functions neces­
sary to drive a gas discharge self-scan e 
bar-graph panel. The NE580 is configured 
to drive a 201 element bar-graph in either 5 
or 6 phase operation. Phase number selec­
tion is obtained by applying a logic 0 or 1 
level to the phase select pin. 3 phase opera­
tion for a 101 element device can be attained 
by a wire-or connection of adjacent cathode 
phase outputs. 

The device inputs accept an analog voltage 
in the range 0 to 2.5V and performs an AID 
conversion with reference to a fixed input 
voltage at the reference terminal. On-chip 
functions include a clock generator, linear 
ramp generator, control logic and ROM 
decoding. Output functions comprise 2 
anode control lines, 2 overrange indication 
outputs, 6 cathode phase outputs and 1 
cathode reset output. Refer to the system 
block diagram for clarification. 

A minimum of external components are 
required for the whole conversion and dis­
play system shown in the typical appli­
cation. The NE580 can be expanded to 
handle more analog channels using ex­
ternal comparators. Either LM393A or 
LM339A type comparators will function 
well. A few external low-cost logic packages 
can in addition provide binary or BCD 
encoded data to interface with a logic 
control system. 

The device is supplied in a 22-pin plastiC 
molded or ceramic dual-in-line package. 

eRself-scan is a trademark of Burroughs Corporation. 
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FEATURES 
• Dual channel device 
• Easily expandable to handle more chan-

nels. 
• Single 5 volt supply 
• 3, 5 or 6 phase operation 
• Can be custom masked for different cath­

ode segment counts, (maximum 240) 
• Equivalent a-bit resolution of displayed 

information. 
• Overrange indication outputs. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage, Vee 
Output voltage (all outputs) 
Analog input voltage range 
Reference voltage input 
Phase select input 
Analog/digital ground voltage 

differential 
Power dissipation 

plastiC 
cerdip' 

Operating temperature range 
Storage temperature range 
Soldering temperature 

(10sec) 

'NOTE 

NE580-F,N 

PIN CONFIGURATION 

PHASE 2 

PHASE 1 

5/6 SEL. 

Vee 

S+H CAP. 

VREF 

S+H CAP. 

RAMP CAP. 

F,N PACKAGE 

PHASE 3 

PHASE 4 

PHASE 5 

PHASE 8 

DIG. GND 

INPUT A OYER~RANGE B 

INPUT'S ANA. OND 

OROERING INFORMATION 
Plastic DIL package-NES80N 

eerdip package-NES80F 

RATING UNIT 

+7 V 
+Vee V 

-0.3 to +7 V 
+Vcc V 
+5.5 V 
±0.3 V 

500 mW 
800 mW 

o to +70 ·C 
-65 to+150 ·C 

300 ·C 

The plastiC 22 pin package has a thermal impedance (}JA of 120°CIW and the cerdip 
package, ()JA of 75°C/W. Provided the maximum junction temperature is kept below 
150°C then more power may be diSSipated to a maximum of 1 watt. 

!ii!l0otiC!i 



DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = 5V unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Operating supply voltage 
range 

VIN Input voltage range 
VREF Applied reference voltage1 

IBREF Bias current at 
reference voltage input VREF = 2.5V 

'IB Bias current at VREF = 2.5V 
analog input VIN = OV 

VOUT (1) All outputs2 lOUT = -500",A 

'OUT (1) All outputs2 VOUT = 1.5V 
'OUT (sc) All outputs2 VOUT = Ov 

VOUT (0) All outputs ISINK = 1.6mA 

Fe Clock generator Timing capacitor 
frequency = .022",F 

Accuracy 2V :<::: VREF :<::: 2.5V 
VIN = VREF 

lee Supply current 

NOTES 
1, Displayed accuracy is a function of reference voltage. Values of VREF below 2 volts will 

impair conversion accuracy. 
2. All logic outputs comprise an NPN transistor with 3kO pull-up resistor to 5 volts. 

BLOCK DIAGRAM 

SAMPLE 
AND HOLD 

CLOCK 
GENERATOR 

I 
COUNTER 

12 

22 21 20 11 17 

S!lDotiCS 

LIMITS 

Min Typ 

4.75 5.0 

0 
a 

500 
500 

3.5 

-1.0 
-1.5 

25 

±1 

50 

I I. 

11 

NE580-F,N 

UNIT 
Max 

5.25 V 

2.5 V 
2.5 V 

nA 
nA 

V 

mA 
mA 

0.4 V 

KHz 

bar 

mA 

,. 
O/P 

BUFFER 

I. 

15 

O/P 
BUFFER 

13 

,. 
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NE580-F,N 

TIMING DIAGRAM 

tA ., -1L.JLJL 

•• --IL.JL.JL 
·3 --IL..II.-J1 
". --lL.J1......J 
';s ----JLJL 

TYPICAL APPLICATION 

sv 

= 

= = 
= 

A3 = 
= = = = = = - = = = INPUTS = = = 

NOTES 

R, 14K!) 

R2 = 14K!) 

R3 = 1M!) 

C, O.022#F 

C2 = O.47#F 
C3 = O.47#F 

Schematic shown is for a dual 5 phase 200 element bar-graph. 

428 Sl!IoOIiCS 



BAR-GRAPH SYSTEM 
OPERATION 
The bar-graph display is a thick-film planar, 
gas discharge device. The principal of oper­
ation is called self-scanS, in which a neon 
glow-discharge is propagated from one 
cathode spot to another under one anode. 
The bar-graph device appears as a series of 
cathode bars arranged in a column. A glow 
discharge is continually propagated along 
the column from a keep-alive cathode at one 
end. Provided the scan rate for a whole 
column is above the eye flicker detection 
rate, then the glow appears as a continuous 
column of light. 

BAR-GRAPH SIGNAL 
REQUIREMENTS 
The NE580 comprises most of the electronic 
components necessary to interface an ana­
log voltage level to the bar-graph display. 
Each column of the display requires an 
anode control signal and each cathode 
(usually from 4 to 7 in number) requires an 
interlaced logic signal of 1/N duty cycle 
(where N is the number of cathode phasesl. 
The pulse width of each cathode signal is of 
the order of 50 to 1001's. The cathode sig­
nals clock continuously throughout the 
frame period. The anode signal is on only 
for a proportion of time corresponding to 
the input voltage. 

Thus 

for a 200 element device, where TAN is the 
number of cathode clock cycles for which 

the anode is on. Figure 2 illustrates the 
relative output phasing of the linear ramp 
cathode and anode lines for 5 phase opera­
tion. 

CIRCUIT OPERATION 
The NE580 provides the circuitry to gener­
ate all these signals to the point where they 
drive the high voltage display elements. An 
on-chip clock generator drives the master 
counter and cathode phase generator. 

The clock also gates a constant current 
source which charges the ramp capacitor 
with a staircase waveform of equal incre­
ment steps. These steps correspond to the 
cathode segments. There are two steps per 
segment so that the comparison of input 
voltage with respect to the ramp is made at 
the mid-point of each segment. The master 
counter inhibits the current source and 
discharges the ramp after 200 cathode 
counts. At the 200th count, the ramp voltage 
is strobed into a sample-and-hold amplifier. 
This voltage is compared with the reference 
voltage and a Signal fed back to the ramp 
constant current source. Hence, the maxi­
mum value of the ramp will be adjusted to 
the same level as the reference voltage. 

The anode output goes low at the beginning 
of each frame and goes high again when the 
ramp voltage becomes greater than the 
input voltage. If the ramp reaches full scale 
before setting the anode output high, then 
the over-range output goes low and stays 
low until the end of the next frame if the 
input signal recovers to an in-range value. A 
continuing over-range signal will cause the 
output to go low indefinitely. 

SmootiCS 

NE580-F,N 

Because the ramp is the result of accumu­
lated charge on the integrating capacitor, it 
is inherently monotonic; thus, each step is 
greater than the previous one by the expres­
sion 

Errors in the ramp can occur due to 

1) Starting the ramp from a voltage other 
than zero. Some capacitors have a time 
related polarization. 

2) Sag in the sampled and hold ramp volt­
age causing an inconstant charging cur­
rent. 

3) Offset errors in the sample and hold am­
plifier. 

4) Leakage currents into or out of the ramp 
capacitor. 

The zero starting point is achieved by using 
a very low offset transistor to fully discharge 
the ramp capacitor to within 1-5mV of 
ground. The maximum voltage end of the 
ramp is made stable by using a large value 
capacitor to overcome the effects of any 
leakage. 

The classical histogram has cells which 
represent a nominal value plus/minus 1/2 
cell width. The NE580 works in the same 
way. This is realized by having a clock rate 
which is twice the cathode switching rate, 
and so the staircase ramp has two steps per 
cathode dwell time. Each comparison step 
is made at the nominal cell value plus 1/2 
cell, and the anode remains on (anode out­
put low) as long as the ramp voltage is less 
than the input voltage. 
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DESCRIPTION PIN CONFIGURATION 
The NE582 is a general interface device 
comprising a high current outputtransistor 
and drive circuitry In each of 6 elements. 
Each output transistor is individually capa­
ble of sinking 400mA with a typical satura­
tion voltage of 0.5V. Input loading is such 
that direct interfacing with P-MOS, N-MOS, 
C-MOS or TTL is possible. 

The NE582 has applications as a LED dis­
play driver, low voltage relay/lamp drivers 
and many others where high current capa­
bility without speed constraints is required. 

The NE582 is supplied in a 16-pin high 
dissipation dual-in-line plastic package. 

FEATURES 
• Low saturation voltage (typically O.5V) 

for minimum power dissipation 
• High output sink current capability-

400mA 
• Low Input current loading for MOS com-

patibility 
• Low standby power consumption 
• Suitable for 3 volt battery operation 
• Inputs/outputs are compatible with 

75494 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Input voltage range1 

Output voltage2 

Output to input voltage differential 
Voltage at Vss(pin 1) 
Output current':-each output 
Output current-all outputs 
Continuous total power dissipation 
at or below 25° C3 
Current in VR (pin 9 or 16) 
Operating free-air temperature range 
Storage temperature range 
Lead temperature 1/16 inch from 
case for 10sec 

NOTES 

1. The Inputs are the only pins which may be negative with respect to ground. 
2. Voltage values are with respect to ground. 
3. Above 25°C, derate power dissipation at 6.2SmW/OC. 
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RATING 

-12 to VSS 
10 
10 
10 
400 
800 
800 

25 
o to +70 

-65 to +150 
260 

SmootiOS 

NE582-N 

N PACKAGE 

EQUIVALENT SCHEMATIC 

UNIT 

V 
V 
V 
V 

mA 
mA 
mW 

4K 

mA 2K 

°C 
DC 
DC EACH OF 6 DRIVERS 



ELECTRICAL CHARACTERISTICS TA = O°C to 70°C unless otherwise specified. 

LIMITS 
PARAMETER TEST CONDITIONS 

Min Typ 

VOL Low level output voltage VIN IR IOL 
V mA mA 

3 2 20 .025 
6.5 12 250 .320 
6.5 20 400 .500 

RIN= 1K 
(Series input resistance) 

IOH High level output current VOH = 10V, liN = 40j.lA 
VOH = 10V, VIN = 0.5V 

liN Input current at maximum 
Input voltage VIN = 10V, IOL = 20mA, IR = 2mA 2.2 

VR VIN = 6.5V, IR = 6mA, IOL = 80mA .9 
Iss Current into pin 1 Vss = 10V 

AC ELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise specified. 

PARAMETER 

Switching characteristics 
TpLH Propagation delay, low to high 

level input 

TPHL Propagation delay, highl 
to low level input 

TYPICAL APPLICATION FOR DIGIT DRIVING 
OF AN LED DISPLAY 

SEGMENT I LINES 

1:1 6 DIGIT DISPLAY I 
r- , 

'I 
I , 

e>--i I : 
C>-I I 

I o--JI 
0-; i 

I 

VSS 

DIGIT! LINES 

I '-__ -1 
NE582 

LIMITS 
TEST CONDITIONS 

RR = 6800 
RL = 390 

CL = 15pF 

VIH = 7.5V 
VIL = OV 

tr = tf:5 10ns 
tw= 1j.1S 

PRR = 100kHz 

Si!lnotiGS 

Min Typ 

300 

30 

1/6 NE582 AS A 
RELAY DRIVER 

V+ 

VR 

LOGIC~ 
INPUT~ 

# 
1/6 NE582 AS A RELAY DRIVER 

NE582-N 

UNIT 
Max 

.060 V 

.450 V 

.750 V 

400 j.lA 
400 j.lA 

3.3 mA 

1.5 V 
100 j.lA 

UNIT 
Max 

ns 

ns 
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PRELIMINARY SPECIFICATION 

OUTPUT SATURATION VOLTAGE AS A FUNCTION 
OF OUTPUT LOAD CURRENT, 

IR= 25mA 
VIN = 6.5 VOLTS 

6OO~--~-----r----~----' 

i 
w ~0~---1-----+---'~~~ 

~ 
§! 
!; .. 
!5 200 i----i_!6'Y------+-----I 
o 

o~ __ ~ ____ _L ____ ~ __ ~ 

o 200 400 
OUTPUT LOAD CURRENT (rnA) 

CHIP LAYOUT 
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INPUT CURRENT AS A FUNCTION 
OF INPUT VOLTAGE, 

IR = 25mA, VSS = 10V, TA = 25°C 

2.0 v 
1.0 

/ 
V 

) 
-12 -8 -4 4 • 10 

INPUT VOLTAGE (mV) 

NE582-N 



DESCRIPTION FEATURES 
The NE584 is a Cathode Driver for multi- • Capable of driving up to 9 segments 
plexed, 7-segment gas discharge displays. • 1 external resistor provides for current 

The display segments are driven by floating 
current sources maintaining uniform 
brightness across the display panel with a 
minimum of system components as shown 
in the Display Drivers illustration. A current 
feedback circuit is included to adjust the 
anode voltage steady under optimum load 
conditions. The maximum voltage ripple is 
typically held to less than 1V. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
VS- Negative 
VCC Logic 

VIN Input voltage 
Ip Program current 
T J Junction temperature 

programming 
• Minimum component count for system 

cost effectiveness 
• Segment current programmability for 

optimum operation of all character sizes 
• Internal current limiting protection 
• Internal feedback network ensures opti­

mum operating conditions 
• High system reliability 
• Compatible with MOS and TTL inputs 

RATING UNIT 

V 
-110 
+15 

+15 V 
1 mA 

150 °c 
TA Ambient operating temperature range o to 70 °c 
TS Storage temperature range -65 to 150 °C 

Tsold Soldering temperature (10sec) 300 °C 

Po Power dissipation' at 25 ° C mW 
Plastic DIP-22 and 24 pin 1000 
Cerdip-22 and 24 pin 1200 

DISPLAY DRIVERS 

i ~J 
i I NE585 

I ANODE DRIVER 

DIGIT 

VB_ ~ ~ 
C SELECT 

LINES * LOGIC (>1aDV) 

CONTROL 7 
PMOS ,-, ,-, CMOS 
NMOS , I. --------------------:1 I TTL 
HNIl 

(5.15V) 
~ i" 

SEGMENT I VB II ,vee 
SELECT i (-100V) 
LINES 

! J NE584 

! I CATHODE DRIVER 

'1 ! 
Rp 

I 
-=-

SjgDotiCS 

NE584 
NE584-F,N 

PIN CONFIGURATION 

F,N PACKAGE 

PULL UP OPTION 

INPUT 1 OUTPUT 1 

INPUT 2 OUTPUT 2 

INPUT 3 OUTPUT 3 

INPUT 4 OUTPUT 4 

INPUT 5 OUTPUT 5 

INPUT 6 OUTPUT 6 

INPUT 7 OUTPUT 7 

INPUT 8 OUTPUT 8 

INPUT 9 OUTPUT 9 

FEEDBACK V B_ (-lOOV) 

GROUND PROGRAM 
CURRENT 

Order part no. NE584-9 

N,F PACKAGE 

INPUT 2 

INPUT 3 "'-'---1>---1 
INPUT 4 

INPUT 5 

INPUT 6 r71---C>----'n 

INPUT 7 

INPUT 8 

FEEDBACK 

GROUND 

PULL UP OPTION 

OUTPUT 1 

OUTPUT 3 

OUTPUT 4 

OUTPUT 5 

OUTPUT 7 

OUTPUT 8 

Vs_ !-100V) 

PROGRAM 
CURRENT 

Order part no. NE584-8 
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DC ELECTRICAL CHARACTERISTICS v B_ = -100V. vcc = 5 to 15V 

PARAMETER TEST CONDITIONS 

V B_ Supply voltage Operating voltage range 

Input voltage For TTL type inputs 
VIH High 

VIL Low 

II Input current VIN=2.6V 
VIN = 6V 
VIN = 15V 

IIH High 
For MOS type inputs 

IlL Low 

Current ratio between T A - 25°C. I P = 200 or 600JJA 
any 2 outputs 

Output current to program I p = 200 or 600JJA 
cu rrent ratio TA = 25°C 

TA = 0-70°C 

VOUT Output voltage 
On I P = 100JJA. I Seg = 450j..tA 

Ip = 100j..tA. I Seg = 1JJA 
I P = 600JJA. I Seg = 2.7mA 
I P = 600JJA. I Seg = 1j..tA 

Off With respect to V B-
On breakdown I P = 400JJA. I Seg = 3mA 
Off breakdown I Seg =10J..LA 

Output leakage current 
Off lOUT = VB- +90V 

If Feedback current I P = 200JJA. V IN:;;:' 3.5V. I Seg = 0 
1 segment on 
8 segments on 

Propagation delay COUT - 15pF 

Power supply current All inputs low. VFB = 15V. 
ICC Logic I P = 100JJA. V cc = 15V 
IB- Negative 

Pull up option current Vec - 5V, Pin 24 or 22 - OV 

EQUIVALENT SCHEMATIC 

434 

REPEATED 8 OR 9 TIMES r-----------., 
~--------------~---4----~--------VCC 

Up I o-.J\2",,0I'vK ...,....-t"-t:: 
I 
I 
I 

o/pl 

I 
I 
I 
I 
I 
I 

20K 

PUlL·UP 
OPTION 

-+-------+-----------4.-______ +-__ --+ ___ VB_ '- ______________ J 

Smnotics 

NE584-F.N 

LIMITS 
Min Typ Max UNIT 

-90 -100 -110 V 

V 
2.6 

1.1 

60 200 JJA 
115 230 460 
340 680 1360 

90 
5 

.9 1 1.1 mA 

mA 
4.5 5 5.5 
4 5 6 

V 
5 
1 
14 
3 

V B_ + 40 
VB_ + 55 

90 

JJA 
10 

140 200 260 JJA 
1.1 1.6 2.1 mA 

5 J..Ls 

mA 
3 

1 2 

0.6 mA 



ANODE DRIVER 

. DESCRIPTION 
The NE585 is an Anode Driver for multi­
plexed, 7-segment gas discharge displays. 

The display segments are driven by floating 
current sources maintaining uniform 
brightness across the display panel with a 
minimum of system components as shown 
in the Display Drivers illustration. A current 
feedback circuit is included to adjust the 
anode voltage steady optimum load condi­
tions. The maximum voltage ripple is typi­
cally held to less than 1V. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

VB+ Positive supply voltage 
VA Anode bus voltage' 
VIN Input voltage 
TJ Junction temperature 

FEATURES 
• Capable of driving up to 9 digits 
• Minimum component count for system 

cost effectiveness 
• Segment current programmability for 

optimum operation of all character sizes 
• Internal current limiting protection 
• Internal feedback network ensures opti­

mum operating conditions 
• High system reliability 
• Compatible with MOS and TTL inputs 

RATING UNIT 

+110 V 
90 or VB+ V 

+15 V 
150 °C 

TA Ambient operating temperature range o to 70 °C 
TS Storage temperature range -65 to 150 °C 
Tsold Soldering temperature (10secs) 300 °C 
PD Power dissipation at 25°C mW 

Plastic DIP-16 pin 800 
Plastic DIP-22 pin 1000 
Cerdip-16 pin 1000 
Cerdip-22 pin 1200 

NOTE 

Whichever is the lesser of these values is the maximum allowable anode bus voltage 

DISPLAY DRIVERS 

I 

U 
J NE585 

I ANODE DRIVER 

OIGIT 

VB_ ..J ~ 
C SELECT 

LINES 

* LOGIC (->-100V) 

CONTROL ~ 7 
PMOS ,-, I-I CMOS 
NMOS , I. --------------------.-, , 

TTL 
HNIL 

(5-15V} 
~ 

SEGMENT I VB II ,vee 
SELECT i (-100V) 
LINES 

I I NE584 

i I CATHODE DRIVER 

i f J l 
Rp 

-::-

9i!1DotiC9 

NESBS 

NE585-F,N 

PIN CONFIGURATION 

F,N PACKAGE 

ANODE BUS 

12'---{>---I12il OUTPUT' 

13.---{>----j12ol OUTPUT 2 

OUTPUT 3 

OUTPUT 4 

OUTPUT 5 

OUTPUT 6 

OUTPUT 7 

19.---{>----j114l OUTPUT 8 

INPUT 9 flO.---{>----jr13J OUTPUT 9 

Va + (+100V) 

Order part no. NE585-9 

N,F PACKAGE 

Order part no. NE585-6 



NE585-F,N 

DC ELECTRICAL CHARACTERISTICS vB+ = 100V, VA = 60V unless otherwise specified 

LIMITS 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

VB+ Positive supply voltage Operating voltage range 90 100 110 V 

Input voltage For TTL type inputs V 
V ,H High 2.6 
V ,L Low 1.1 

" 
Input current V,N - 2.6V 60 200 JJ.A 

V,N = 6V 100 200 400 
V'N=15V 325 650 1300 

"H High For MaS type inputs 
90 

',L Low 5 
Feedback current gain I F pulse width < 500115, Duty cycle < 20% dB 

(= I Ail F) 'F = 2mA 24 33 40 
'F = 200JJ.A 26 33 40 

VOUT Output voltage 'OUT = -10mA V 
On V A-2 
Off VA-38 
Breakdown V B+ = 100V, V A = 90V, 'OUT = -100JJ.A VA-55 

Available output current Va - V A-5V, V ,N - 3.5V 35 mA 

Leakage cu rrent JJ.A 
Output V A - V OUT = 50V -10 
Input V,N = 0 -10 

Propagation delay COUT = 15pF 5 J1.S 

'B+ Power supply current 1 input high, All others open 1.6 2.5 mA 

EQUIVALENT SCHEMATIC 

~--~------------------------------------~--~---r-oVB+ 

REPEATED 6 OR 9 TIMES 

1------------1 
I I 

I I 
I I 
I I 

FEEDBACK I I 
I o/p 

I 
I 

301lA -10K I 
I i/p I t 
L----l 

10K 

I 
L ____ 

---, I 
I 

<OK 
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R MC1501 IIl.OIIH.OI 7 

MC1508-8/MC1408-8/MC1408-7 -F,N 

DESCRIPTION CIRCUIT DESCRIPTION PIN CONFIGURATION 
The MC1508/MC1408 series of 8-bit mono- The MC1508/MC1408 consists of a refer-
lithic digital-to-analog converters provide 
high speed performance with low cost. They 
are designed for use where the output cur­
rent is a linear product of an 8-bit digital 
word and an analog reference voltage. 

FEATURES 
• Fast settling time-300ns (typ) 
• Relative accuracy ±O.19% (max error) 
• Non-inverting digital inputs are TTL and 

CMOS compatible 
• High speed multiplying rate 4.0mA/lls 

(input slew) 
• Output voltage swing + .SV to -S.OV 
• Standard supply voltages + S.OV and 

-S.OV to -1SV 
• Military qualifications pending 

APPLICATIONS 
• Tracking A-to-O converters 
• 2%-digit panel meters and DVM's 
• Waveform synthesis 
• Sample and hold 
• Peak detector 
• Programmable gain and attenuation 
• CRT character generation 
• AudiO digitizing and decoding 
• Programmable power supplies 
• Analog-digital multiplication 
• Digital-digital multiplication 
• Analog-digital division 
• Digital addition and subtraction 
• Speech compression and expansion 
• Stepping motor drive 

TYPICAL PERFORMANCE 
CHARACTERISTICS 

D-to·A TRANSFER CHARACTERISTICS 

0 ....... 

.......... 

i"- ....... 
........ r--.... 

i"- ..... 
0 

(00000000) tNPUT DIGITAL WORD (111111111 

ence current amplifier, and R-2R ladder, 
and 8 high speed current switches. For 
many applications, only a reference resistor 
and reference voltage need be added. 

The switches are non-inverting in opera­
tion; therefore, a high state on the input 
turns on the specified output current com­
ponent. 

The switch uses current steering for high 
speed, and a termination amplifier consist­
ing of an active load gain stage with unity 
gain feedback. The termination amplifier 
holds the parasitic capacitance of the ladder 
at a constant voltage during switching, and 
provides a low impedance termination of 
equal vOltage for all legs of the ladder. 

The R-2R ladder divides the reference am­
plifier current into binarily-related compo­

nents, which are fed to the switches. Note 
that there is always a remainder current 
which is equal to the least significant bit. 
This current is shunted to ground, and the 
maximum output current is 255/256 of the 
reference amplifier current, or 1.992mA for 
a 2.0mA reference amplifier current if the 
NPN current source pair is perfectly 
matched. 

'N = Plastic DIP 
F = Cerdip 

F,N PACKAGE" 

BLOCK DIAGRAM 

MSB LSB 

Vref (+)...------+---'--.., ,. ,. 
vref{-) 

NPN CURRENT 
SOURCE PAIR 

ABSOLUTE MAXIMUM RATNGS TA = +25°C unless otherwise specified 

PARAMETER RATING UNIT 

Vee Power supply voltage V 
VEE Positive +5.5 
VS-VI2 Negative -16.5 

Vo Digital input voltage +5.5,0 V 
114 Applied output voltage +0.5, -5.2 V 
V14,V15 Reference current 5.0 mA 

Reference amplifier inputs Vee, VEE V 

Po Power dissipation (package limitation) mW 
Ceramic package 1000 
Plastic package 800 

TA Operating temperature range °C 
MC1508 -55 to +125 
MC1408 o to +75 

Tstg Storage temperature range -65 to +70 °C 
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MC1S08-8/MC1408-8/MC1408-7 -F ,N 

V,el 
DC ELECTRICAL CHARACTERISTICS1 Vee = +S.OVdc, VEE = -1SVdc, R = 2.0mA 

unless otherwise specified. 14 

MC1508: TA =-SsoC to 12SoC. MC1408: TA = O°C to 70°C 

TEST MC1S08-8 MC1408-8 MC1408-7 
PARAMETER UNIT 

CONDITIONS Min Typ Max Min Typ Max Min Typ Max 

E, Relative accuracy Error relative ±0.19 ±0.19 ±0.39 % 
to full scale 
10, Figure 3 

ts Setting time1 To within 1/2 LSB, 300 300 300 ns 
includes t'PLH, 
TA = +2SoC, 
Figure 4 

Propagation delay ns 
time 

tPLH Low-to-high TA = +2SoC, 
30 100 30 100 30 100' 

tPHL High-to-Iow Figure 4 

TClo Output full scale -20 
current drift 

-20 -20 PPM/DC 

Digital input Vdc 
logic level (MSBl 

V,H High Figure S 2.0 2.0 2.0 
V,L Low 0.8 0.8 O.B 

Digital input 
current (MSBl 

Figure S mA 

IIH High V,H =S.OV 0 0.04 0 0.04 0 0.04 
IlL Low V,L = O.BV -0.4 -0.8 -0.4 -0.8 -0.4 -O.B 
115 Reference input Pin 1S, Figure S -1.0 -3.0 -1.0 -3.0 -1.0 -3.0 p.A 

. bias current 

lOR Output current Figure S mA 
range 

VEE = -S.OV 0 2.0 2.1 0 2.0 2.1 0 2.0 2.1 
VEE = -6.0V to 0 2.0 4.2 0 2.0 4.2 0 2.0 4.2 

-1SV 
10 Output cu rrent Figure S 

V,el = 2.000V, 1.9 1.99 2.1 1.9 1.99 2.1 1.9 1.99 2.1 mA 
R14 = 10000 

10(minl Off-state All bits low 0 4.0 0 4.0 0 4.0 p.A 

Vo Output voltage E,:50.19% at Vdc 
compliance TA = +2SoC, 

Figure S 
VEE = -SV -0.6, +O.S -0.6, +O.S -0.6, +0.5 
VEE below -10V -S.O, +O.S -S.O, +O.S -S.O, +O.S 

SRI,el Reference current Figure 6 
slew rate 

4.0 4.0 4.0 mA/p.s 

PSRR(-lOutput current I,el - 1mA O.S 2.7 O.S 2.7 O.S 2.7 p.AIV 
power supply 
sensitivity 
Power supply mA 
current 

lee Positive All bits low, +13.S +22 +13.S +22 +13.S +22 
lEE Negative Figure S -7.S -13 -7.S -13 -7.5 -.13 

Power supply Vdc 
voltage range 

VeeR Positive TA = +2SoC, +4.S +S.O +S.S +4.S +S.O +S.S +4.S +S.O +S.S 
VEER Negative Figure S -4.S -1S -16.S ~4.S -1S -16.S -4.S -1S -16.S 

Po Power dissipation All bits low, mW 
Figure S 
VEE = -S.OVdc 10S 170 10S 170 10S 170 
VEE = -1SVdc 190 305 190 30S 190 305 
All bits high, 
Figure 5 
VEE = -5.0Vdc 90 90 90 
VEE = -15Vdc 160 160 160 

NOTES 

1. All bits switched 
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2&]. MULTIPLYING B/I CONVERTER 

EQUIVALENT CIRCUIT SCHEMATIC 

DIGITAL 
INPUTS 

MCIS08 811408 8/1408 7 
MC1508-8/MC1408-8/MC1408-7 -F,N 

~ ____________________________ -JA~ ______________________________ ~ 

( 1 
MSB LSB 

5 A, 6 A, 7 A, 8 A, 9 A, 12 As 

400 400 400 400 400 400 

13 
VCCO-----+---------------------~------------------~~r_~------------------------_t~ 

14 

REFERENCE 
CURRENT 
AMPLIFIER 

Vref {+)~C=j::=:::;_---------..::. 

FUNCTIONAL DESCRIPTION 

Reference Amplifier Drive 
and Compensation 
The reference amplifier provides a voltage 
at pin 14 for converting the reference volt­
ageto a current, and a turn-around circuit or 
current mirror for feeding the ladder. The 
reference amplifier input current (114) must 
always flow into pin 14 regardless of the 
setup method or reference voltage polarity. 

Connections for a positive reference volt­
age are shown in Figure 1. The reference 
voltage source supplies the full current 114. 

For bipolar reference signals, as in the mul­
tiplying mode, R15 can be tied to a negative 
voltage corresponding to the minimum in­
put level. It is possible to eliminate R15 with 

16 
COMPENSATION 

15 

Vref (-) 

only a small sacrifice in accuracy and 
temperature drift. 

The compensation capaCitor value must be 
increased with increases in R14 to maintain 
proper phase margin; for R14 values of 1.0, 
2.5 and 5.0kO, minimum capaCitor values 
are 15, 37, and 75pF. The capaCitor may be 
tied to either VEE or ground, but using VEE 
increases negative supply rejection. 

A negative reference voltage may be used if 
R14 is grounded and the reference voltage is 
applied to R15 as shown in Figure 2. A high 
input impedance is the main advantage of 
this method. Compensation involves a ca': 
pacitor to VEE on pin 16, using the values of 
the previous paragraph: The negative refer­
ence voltage must be at least 3.0V above the 
VEE supply. Bipolar input signals may be 

Smnl!tiCS 

12.Sk 

3k 

1 2 
OUTPUT GND 
RANGE 

CONTROL 

BIAS 
CIRCUIT 

handled by connecting R14 to a positive 
reference voltage equal to the peak positive 
input level at pin 15. 

When a dc reference voltage is used, capac­
itive bypass to ground is recommended. 
The 5.0V logic supply is not recommended 
as a reference voltage. If a well regulated 
5.0V supply which drives logic is to be used 
as the reference, R14 should be decoupled 
by connecting it to +5.0V through another 
resistor and bypassing the junction of the 2 
resistors with 0.1/LF to ground. For refer­
ence voltages greater than 5.0V, a clamp 
diode is recommended between pin 14 and 
ground. 

If pin 14 is driven by a high inpedance such 
as a transistor current source, none of the 
above compensation methods apply and 
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the amplifier must be heavily compensated, 
decreasing the overall bandwidth. 

Output Voltage Range 
The voltage on pin 4 is restricted to a range 
of -0.6 to +O.SV at -24°C, due to the current 
switching methods employed in the 
MC1S08/MC1408. When a current switch is 
turned off, the positive voltage on the output 
terminal can turn on the output diode and 
increase the output current level. When a 
current switch is turned on, the negative 
output voltage range is restricted. The base 
of the termination circuit Darlington transis­
tor is 1 diode voltage below ground when 
pin 1 is grounded, so a negative voltage 
below ground when pin 1 is grounded, so a 
negative voltage below the specified safe 
level will drive the low current device of the 
Darlington into saturation,' decreasing the 
output current level. 

The negative output voltage compliance of 
the MC1S08/MC1408 may be extended to 
-S.OV by opening the circuit at pin 1. The 
negative supply voltage must be more neg­
ative than -10V. Using a full scale current of 
1.992mA and load resistor of 2.SkO be­
tween pin 4 and ground will yield a voltage 
output of 2S6 levels between 0 and -4.980V. 
Floating pin 1 does not affect the converter 
speed or power dissipation. However, the 
value of the load resistor determines the 
switching time due to increased voltage 
swing. Values of RL up to soon do not 
significantly affect performance, but 2.SkO 
load increases worst case settling time to 
1.2Jls (when all bits are switched on). Refer 
to the subsequent text section on settling 
time for more details on output loading. 

If a power supply value between -S.OV and 
-10V is desired, a voltage of between 0 and 
-S.OV may be applied to pin 1. The value of 
this voltage will be the maximum allowable 
negative output swing. 

Output Current Range 
The output current maximum rating of 
4.2mA may be used only for negative supply 
voltages more negative than -7.0V, due to 
the increased voltage drop across the 3S00 
resistors in the reference current amplifier. 

Accuracy 
Absolute accuracy is the measure of each 
output current level with respect to its in­
tended value, and is dependent upon rela­
tive accuracy and full scale current drift. 
Relative accuracy is the measure of each 
output current level as a fraction of the full 
scale current. The relative accuracy of the 
MC1S08/MC1408 is essentially constant 
with temperature due to the excellent 
temperature tracking of the monolithic re­
sistor ladder. The reference current may 
drift with temperature, causing a change in 
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the absolute accuracy of output current. 
However, the MC1S08/MC1408 has a very 
low full scale current drift with temperature. 

The MC1S0S/±MC140S series is guaranteed 
accurate to within ±1/2 LSB at +2So C at a full 
scale output current of 1.992mA. This corre­
sponds to a reference amplifier output cur­
rent drive to the ladder network of 2.0mA, 
with the loss of 1 LSB = 8.0JlA which is the 
ladder remainder shunted to ground. The 
input current to pin 14 has a guaranteed 
value of between 1.9 and 2.1 mA, allowing 
some mismatch in the NPN current source 
pair. The accuracy test circuit is shown in 
Figure 3. The 12-bit converter is calibrated 
for a full scale output current of 1.992mA. 
This is an optional step since the 
MC1S0S/MC140S accuracy is essentially 
the same between 1.S and 2.SmA. Then the 
MC1S08/MC140S circuits' full scale current 
is trimmed to the same value with R14so 
that a zero value appears at the error ampli­
fier output. The counter is activated and the 
error band may be displayed on an oscillo­
scope, detected by comparators, or stored 
in a peak detector. 

Two S-bit D-to-A converters may not be 
used to construct a 16-bit accurate D-to-A 
converter. Sixteen-bit accuracy implies a 
total error ±1/2 of 1 part in 6S,S36, or 
±o.00076%, which is much more accurate 
than the ±0.19% specification provided by 
the MC1S0S/MC140S. 

Multiplying Accuracy 
The MC1S0S/MC140S may be used in the 
multiplying mode with S-bit accuracy when 
the reference cu rrent is varied over a range 
of 2S6:1. The major source of error is the 
bias current of the termination amplifier. 
Under worst case conditions, these S ampli­
fiers can contribute a total of 1.6JlA extra 
current at the output terminal. If the refer­
ence current in the multiplying mode ranges 
from 16JlA to 4.0mA, the 1.6JlA contributes 
an error of 0.1 LSB. This is well within 8-bit 
accuracy. 

A monotonic converter is one which sup­
plies an increase in current for each incre­
ment in the binary word. Typically, the 
MC1S0S/MC1408 in monotonic for all val­
ues of reference current above O.SmA. The 
recommended range for operation with a dc 
reference current is O.S to 4.0mA. 

Settling Time 
The worst case switching condition occurs 
when all bits are switched on, which corre­
sponds to a low-to-high transition for all 
bits. This time is typically 300ns for settling 
to within ±1/2 LSB for S-bit accuracy and 
200ns to 1/2 LSB for 7-bit accuracy. The 
turnoff is typically under lOOns. These times 
apply when RL:5 soon and Co 2SpF. 

StgOotiCS 

MC1S08-S/MC1408-S/MC1408-7 -F,N 

The slowest Single switch is the least signifi­
cant bit, which turns on and settles in 2S0ns 
and truns off in SOns. In applications where 
the D-to-A converter functions in a positive 
going ramp mode, the worst case switching 
condition does not occur, and a settling 
time of less than 300ns may be realized. Bit 
A7 turns on in 200ns and off in SOns, while 
bit A6 turns on in lS0ns and off in 80ns. 

The test circuit of Figure4 requires asmaller 
voltage swing for the current switches due 
to internal voltage clamping in 
MC1S0S/MC140S. A 1.0kO load resistor 
from pin 4 to ground gives a typical settling 
time of 400ns. Thus, it is voltage swing and 
not the output Rc time constant that deter­
mines settling time for most applications. 

Extra care must be taken in board layout 
since this is usually the dominant factor in 
satisfactory test results when measuring 
settling time. Short leads, 100JlF supply 
bypassing for low frequencies, and mini­
mum scope lead length are all mandatory. 



1I81T MULTIPLYING D/ A . CONVERTER MClS08"m~ 

MC1508-8/MC1408-8/MC1408-7 -F,N 

TEST CIRCUITS 

POSITIVE V ref NEGATIVE Vref 

A, A, 

A, A, 

R .. R .. 14 14 
(t)Vref r-L 

A, A, 
MC1S08 15 15 MC150B 

A, A, 

A. MC140B A. MC140B 

A. 
10 10 

A. 

A, 
11 11 

A, 
'0 "1....r 16 16 

A, 
12 12 

A, c 
See tel(t for values of C. 

Figure 1 Figure 2 

RELATIVE ACCURACY 

MSB 

A, 

A, 

A, 12-81T 

A, 
D-to-A 

CONVERTER r--o- 0 to + 10V 0 UTPUT 

A. 
(±O.O2% 

ERROR MAX) 

A. 

r-<>-- A, 5k 

r<>-A. 
A, A" A" A" 

LSa ? itt 50k 

Vret ~ 2V O.lttF * 1 :j ~ 100 

r±? 950 E" 

R .. 

,:~C 
MSB 

14 

or (1V '" 1%) 

5 

6 

7 

a 
MC1508 

~ 8-BIT COUNTER 
9 MC1408 

10 

11 

12 

LSB ,. ,. 3 11 1K 
,c 
--< 

- v EE 

Figure 3 
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I BIT MULTIPLYING DlA CONVERTER MEISII·IIl411 1/1411 7 

TEST CIRCUITS (Cont'd) 

A, 

A, 

A, 

A. 
DIGITAL 
INPUTS A, 

A, 

A, 

A. 

Vee 

13 

MC1508 

MC140B 
10 

11 

12 

VEE 

444 

14 

MC1508-8/MC1408-8/MC1408-7 -F ,N 

TRANSIENT RESPONSE AND SETTLING TIME 

+2.0Vdc 

1.0k 

,T' 0.1 /-IF 

'~ 

2.4V 

1.4V 

O.4V 1f.-J==-t------+~=-=-=-:=; 
O.7V 

SETILING TIME 
eo for Figure 5 

tpHL = tPLH' 10ns 

f--- - INTERNAL 
CLAMP lEVEL 

\ 
Use RL to GND for 
turn off 
measurement (see text). 

1:;-:<>--='----+-. e 0 ~O:a~::~~::!~e tiS = 300ns typical 
to! ~ LSB 

'0; 

(All bits switched 
low to high) 

2SpF 

Figure 4 

TRANSIENT 
RESPONSE 

-100 
mV· 

RL= 50 n 
pin 4 to GND 

NOTATION DEFINITIONS 

R,. R,~ 1k 
Vref + 2,QV 

C - lSpF 

R" 

"::" 

'0 

"::" 

RL 

"::" 

V ref (t) 

Vo 
OUTPUT 

Figure 5 

V I and I, applv to inputs AI 
thru As 

The resistor tied to pin 15 is to temperature compensate the bios current and may not be 
necessary for all applications. 

where K::;: Vref 
R" 

and AN = "1" if AN is at high level 
AN = "0" if AN is at low level 

REFERENCE CURRENT SLEW RATE MEASUREMENT 

I. lk 

I. 1--<>---'oIV'v----.-..... V ref SL 02V 

"::" 

15 pF 
RL::O 50 SCOPE 

Figure 6 

SjgDotiCS 

-.LJ1lL~0 
RL dt 

---2.0mA 

SLEWING 
TIME 



DESCRIPTION 
The 5007/5008 series of 8-bit monolithic 
multiplying Digital-to-Analog Converters 
provide very high speed performance cou­
pled with low cost and outstanding applica­
tions flexibility. 

Advanced circuit design achieves 85ns set­
tling times with very low glitch and at low 
power consumption. Monotonic multiply­
ing performance is attained over a wide 40 
to 1 reference current range. Matching to 
within 1 LSB between reference and full 
scale currents eliminates the need for full 
scale trimming in most applications. Direct 
interface to all popular logic families with 
full noise immunity is provided by the high 
swing, adjustable threshold logic inputs. 

Dual complementary outputs are provided, 
increasing versatility and enabling differen­
tial operation to effectively double the peak­
to-peak output swing. True high voltage 
compliance outputs allow direct output vol­
tage conversion and eliminate output op 
amps in many applications. 

All 5007/5008 series models guarantee full 
8-bit monotonicity and linearities as tight as 
0.1% over the entire operating temperature 
range are available. Device performance is 
essentially unchanged over the ±4.5V to 
±18V power supply range, with 33mW power 
consumption attainable at ±5V supplies. 

The compact size and low power consump­
tion make the 5007/5008 attractive for por­
table and military/aerospace applications. 

FEATURES 
• Fast settling output current-B5ns 

ORDERING INFORMATION 

RELATIVE 
ACCURACY 

0.39% FS 

0.19% FS 

o to 70°C -55 to 125°C 

NE5007N 
NE5007F 

NE5008N 
NE5008F 

SE5008F 

DEFINITION OF TERMS 
Accuracy-The maximum deviation of the 
Dac output relative to an ideal straight line 
drawn from zero to full scale; 1 LSB for any 
bit combination 

Differential linearity-The incremental er­
ror from an ideal 1 LSB analog output 
change when the digital input is changed 1 
LSB; guaranteed monotonicity requires the 
differential linearity error be less than 1 LSB 
and with a tempco of essentially zero 

Full scale tempco-The change in Dac full 
scale current with change in temperature 
expressed in ppm/oC 

Monotonicity-For a 1 LSB increase of in­
put code, the output either increases or 
remains the same 

Output voltage compliance-The range of 
allowable voltage levels the output pins can 
assume without a major effect on circuit 
performance 

Power supply sensitivity-The change in 
Dac output current with changes in power 
supply voltage 

• Full scale current prematched to ±1 LSB 
• Direct interface to TTL, CMOS, ECL, BLOCK DIAGRAM 

NE5007/5008, SE5008-F,N 

PIN CONFIGURATION 

F,N PACKAGE" 

'N ~ Plastic 01 P 
F = Cerdip 

CROSS REFERENCE 
The 5007/5008 series are pin and function­
ally compatible with the monoDAC-08 se­
ries of devices. 

PMI 

monoDAC-08A 
monoDAC-08 
monoDAC-08E 
monoDAC-08C 

SIGNETICS 

SE5009 
SE5008 
NE5008 
NE5007 

HTL,PMOS .-------------------------------------------------------~ 

• Relative accuracy to 0.1 % maximum over 
temperature range 

• High output compliance--10V to +1BV 
• True and complemented outputs 
• Wide range multiplying capability 
• Low FS current drift-±10ppm/°,c 
• Wide power supply range-±4.5V to ±1BV 
• Low power consumption-33mW at ±5V 
• SE500B military qualifications pending 

APPLICATIONS 
• B-bit, 1ps A-to-D converters 
• Servo-motor and pen drivers 
• Waveform generators 
• Audio encoders and attenuators 
• Analog meter drivers 
• Programmable power supplies 
• CRT display drivers 
• High speed modem's 
• Other applications where low cost, high 

speed and complete input/output versa­
tility are required 

MSB 

Vi- Vile B, ~ 

V REF 1+10-';..;4....-...... -+ __ -, 

REFERENCE 
AMPLIFIER 

'6 
COMPo v-

SjgnDtics 

... .. B, B, 
LSB 
B • 
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8-BIT IIIGH SPEED MULTIPLYING OIl CONVERTER 

TEST CIRCUIT 

v- V+ 

R .. 

CONTROL ~=====~ 
LOGIC 

REFERENCE OAC 
ACCURACY> .006% 

ABSOLUTE MAXIMUM RATINGS T A = 25°C unless otherwise noted 

PARAMETER RATING 

TA Operating temperature range 
SE500B -55 to +125 
NE5007/B o to +70 

tstg Storage temperature -65 to +150 
PD Power dissipation 500 

Lead soldering temperature (60sec) 300 
V+ to V- supply 36 
Logic inputs V- to V- plus 36V 

VLC Logic threshold control V- to V+ 
Analog current outputs See output current 

or output voltage 
performance curve 

V14, V15 Reference inputs V-'to V+ 
V14 to V15 Reference input differential voltage ±1B 
114 Reference input current 5.0 

446 !ii!lnOliC!i 

NE5007/5008,SE5008 

NE5007/500B, SE500B-F,N 

UNIT 

°C 

°C 
mW 
°C 
V 

V 
mA 



NES007/S008, SES008-F,N 

AC ELECTRICAL CHARACTERISTICS Vs = ±lSV, IREF = 2.0mA, Output characteristics refer to both lOUT and lOUT unless 

otherwise noted. NE5008: T A = O°C to 70°C. SES008: T A = -SsoC to 12SoC. 

NE5007 NE5008 SE50081 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max Min Typ Max 

Resolution 8 8 8 8 8 8 8 8 8 Bits 

Monotonicity 8 8 8 8 8 8 8 8 8 Bits 

Relative accuracy Over temperature range ±0.39 ±0.19 ±0.19 %FS 

ts Settling time To ±% LSB, all bits 100 100 100 ns 
switched on or off,T A=2SoC 

Propagation delay ns 

tpLH Low-to-high T A=2SoC, each bit. 
3S 35 3S 60 

tpHL High-to-Iow All bits switched 

TCIFS Full scale tempco ±10 ±10 ±10 ppm/oC 

VOC Output voltage Full scale current change -10 +18 -10 +18 -10 +18 V 
compliance <% LSB 

I FS4 Full scale current V REF=1 O.OOOV, 
R14, R15=S.000kO, 

1.94 1.99 2.04 1.94 1.99 2.04 1.94 1.99 2.04 mA 

T A=25°C 

I FSS Full scale I FS4-IFS2 ±2.0 ±16 ±1.0 ±8.0 ±1.0 ±8.0 jJ.A 
symmetry 

'Zs. Zero scale current 0.2 4.0 0.2 2.0 0.2 2.0 jJ.A 

I FSR Output current V---S.OV 0 2.0 2.1 0 2.0 2.1 0 2.0 2.1 mA 
V-=-7.0V to -18V 0 2.0 4.2 0 2.0 4.2 0 2.0 4.2 

Logic input levels V 
V IL Low 

VLC=OV 
0.8 0.8 0.8 

V IH High 2.0 2.0 2.0 

Logic input current VLC=OV jJ.A 

IlL Low V IN=-10V to +0.8V -2.0 -10 -2.0 -10 -2.0 -10 

I'H High VIW2.0V to 18V 0.002 10 0.002 10 0.002 10 

VIS Logic input swing V---1SV -10 +18 -10 +18 -10 +18 V 

VTHR Logic threshold VS=±lSV -10 +13.S -10 +13.S -10 +13.S V 
range 

115 Reference bias -1.0 -3.0 -1.0 -3.0 -1.0 -3.0 jJ.A 
current 

dl/dt Reference input Figures 1,3 8.0 8.0 8.0 mAljJ.s 
slew rate 

Power supply IREF=lmA OfoFSIOfoVS 
sensitivity 

PSSI FS+ Positive V+=4.S to S.SV, V-=-lSV; 0.0003 0.01 0.0003 0.01 0.0003 0.01 
V+=13.S to 16.5V, V-=-15V 

PSSI FS_ Negative V-=-4.5 to -S.5V, V+=+1SV; 0.002 0.01 0.002 0.01 0.002 0.01 
V-=-13.5 to -16.S, V+=+lSV 

Powersupplycurrent mA 
1+ Positive 

VS=±SV,IREF=1.0mA 
2.3 3.8 2.3 3.8 2.3 3.8 

1- Negative -4.3 -S.8 -4.3 -S.8 -4.3 -S.8 

1+ Positive 
VS=+5V, -15V, IREF=2.0mA 

2.4 3.8 2.4 3.8 2.4 3.8 
1- Negative -6.4 -7.8 -6.4 -7.8 -6.4 -7.8 

1+ Positive 
V S=±1SV, I REF=2.0mA 

2.5 3.8 2.S 3.8 2.S 3.8 
1- Negative -6.5 -7.8 -6.5 -7.8 -6.S -7.8 

PD Power dissipation ±5V, I REF-1.0mA 33 48 33 48 33 48 mW 
I 

+5V, -lSV, IREF=2.0mA 108 136 '108 136 108 136 

t15V, IREF =2.0mA 135 174 135 174 135 174 
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I BIT HIGH SPEED MULTIPLYING Oll CONVERTER NEsII1/sOOI/SEsIII 
NES007/S008, SES008-F,N 

TYPICAL PERFORMANCE CHARACTERISTICS 

OUTPUT CURRENT vs OUTPUT 
VOLTAGE (OUTPUT 

VOLTAGE COMPLIANCE) 

2. 

1 2 

ffi 2. 

~ 1. 
::> 

~ 1. .. 
~ O. 
o 

8 

4 

0 

6 

2 

8 

0.4 

V-"!'5V. 

I 
• 

I 

ALL BITS ON 

TA =T min toTm~x 

I I 
V-!-SV. ' REF '" ~mA 

II I I 
I" 

I!EF=tmA 

IRkF 0:2mA 

FAST PULSED 
REFERENCE OPERATION 

2.SV 

o.sv 

-O.SmA 

'OUT 

-2.SmA 

-~ 

-l-
~ 

I- JI' 
\ II ""'" 

TRUE AND COMPLEMENTARY 
OUTPUT OPERATION 

OmA 
..... ~ ~ ..... 

1.0mA i'"" " ~ ..... i' 

- """ 
i' ..... 2.0mA 

I OUT 

'OUT 

?14 -10-8-6-4-20 24 681012:141618 
OUTPUT VOLTAGE IV) 

200ns/division 
See Figure 1 

(OaODoDOO) 11' (11 111) 

FULL SCALE SETTLING TIME 

LOGIC 
INPUT 

2.4V 

O.4V 

-

OUTPUT -%LSB 

SETTliNG +1/2LS~' 

ALL BITS SWITCHED ON 

II 

, II 
I 

50ns/division 

See Figure 8 of application- memo for, settling time 
fixture 
IFS = 2mA, RL" 'Kn, 'j, LSB = 411A 

REQ= 200n, RL = 100n, CC = 0 

LSB SWITCHING 

BIT 8 

LOGIC INPUT ~;;;;;;t~t!=t=t=t~t=t O.4V-
OV-

--'r1-t-rt1~-F~~ 
'OUT 0 -1-+-+-+--IlVrII'----i-:-iHf-H 

50ns/division 

FULL SCALE CURRENT vs 
REFERENCE CURRENT 

•. 0 

1 !Z 4. 
w 
a: 
!i 3. 
u 

~ 
~ 2. 
o 
in 

0 

0 

0 

:~ =B:;:~'::~~X-t- LIMIT FO~~ V-=-'L2 
IL 

1/ 
IL: 

IL: 
V l'liMITFOR 

-~ 1. 0 
1,,01'" J"lV' 

IL ..1..1 
oIL ..1..1 

'.0 2.0 3.0 4.0 

'REF' REFERENCE CURRENT (,rnA) 

LSB PROPAGATION DELAY 
vs IFS 

REFERENCE INPUT 
FREQUENCY RESPONSE 
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50 0 

! 4(,10 

~ c 30 
Z 
9 .. 

0 

~ 200 

c 
f 10 0 

0 

-
,--

I 
'lB. ~~I~A ~I~~: = 7.8ttA 

111I1I1U .. ~ .. ~ N .. 0 N o 0 0 
qqqC!OOO":NaO-­

I FS' OUTPUT FULL SCALE CURRENT (mAl 

Smnotics 

~ 
~ 
I: 
::> 

2 

0 

2 

o -4 f--

~ 

~ -8 

6-

a: -, 0 

-, 2 

-, 4 

" , 
~ 

R'4"'R,&"" 1Kn ~ 
Rl =::;;500[1 

~ :\" All BITS "ON" 
VR15 = OV ~, 

I I-.U 
I III \ 
I III 

0.1 0.2 0.6 1.0 2.0 
FREQUENCY (MHz) 

" 2 

1\ 

5.0 10 

Curve 1: C C = 'SpF, V IN = 2.0V p-p centered at +1.0V. 
Curve 2:CC = lSpF, V IN = 50mV p-p centered at 

+200mV. 
Curve 3:CC = OpF, VIN = 100mV p-p centered at OV 

and applied thru 50n connected to pin 14. 
+2.0V applied to R14 . 

fl-

S.O 



TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

REFERENCE AMP COMMON 
MODE RANGE 

2. 
;;­
g 2. 
I-

~ 2. 
a: 
~ 1. 
U 

51. 
I!: 5 o. 

o. 

8 

4 

v- =-15V 
0 

I 6 

2 

8 
I 

4 

0 

All BITS ON 

TA 00 T min to Tmax 

1 I 
V-=-5V I .Iv!- =+15V 

II 'REF = 2mA 

I I 
'REF= 1mA t--
I I 

I REF;;: O.2m~_ 

-14 -10 -6 -4 -'- 0 2 4 6 81012141618 

'V15• REFERENCE COMMON MODE VOLTAGE IV) 

Positive common mode range is always (V+) - 1.5V 

;;-
g 
I-

~ 
a: 
a: 
:::> 
u 

~ .. 
:::> 
to 
a: 
~ 
0 .. 

OUTPUT VOLTAGE COMPLIANCE 
vs TEMPERATURE 

TEMPERATURE (Oel 

POWER SUPPLY CURRENT vs V-

8.0 

7.0 
BITS MAY BE HIGH OR Lowl J 

. 1- WITH 'REF = 2mA 

6.0 

5.0 ,-lrrl, I =L 
REF 

4.0 

3.0 
1- WITH I REF::: O.2mA 

2.0 
'\, I. 

1.0 

- - - - - - -00 2.0 4.0 6.0 B.O 10 12 14 16 18 20 

V-. NEGATIVE POWER SUPPLY (Vdcl 

0 

0 

LOGIC INPUT CURRENT vs 
INPUT VOLTAGE 

oiL 

o 
-1;1: -8.0 -4.0 0 4.0 B.O 12 16 

lOGIC INPUT VOLTAGE IV) 

BIT TRANSFER CHARACTERISTICS 

;;- 'REF = 2.0mA g 8, 
I-

~ 
1.0 

a: 
0.8 a: 

:::> 
u 
I- 0.6 
:::> .. 
I-
:::> 0.0 
0 

8, H,=-'5V 
0.2 V---5V B. 

0 ........ 
-12 -8.0 -4.0 0 4.0 8.0 12 16 

LOGIC INPUT VOLTAGE (VI 

NOTE 

8, through Ba have identical transfer characteristics. 
Bits are fully switched, with less than % LSB error, at 
less than ±100mV from actual threshold. These switch­
ing pOints are guaranteed to lie between 0.8 and 2.0 
volts over the operating temperature range (VLC = 
O.OV). 

8.0 

;;-
7.0 g 

I-
Z 6.0 w 
a: 
a: 6.0 :::> 
u 
~ 4.0 .. .. 
:::> 3.0 
to 
a: 
~ 2.0 

0 
1.0 .. 

POWER SUPPLY CURRENT 
vs TEMPERATURE 

ALL BITS HIGH OR LOW 

V-=-1SV 1-

'REF = 2.0mA 

1 1 I 
I I I 
V+-=+-1SV 

" 
I I I 
I I I 

-50 o +-50 +100 +150 
TEMPERATURE JOC) 

Si!lDotiCS 

NES007/S008, SES008-F,N 

VTH - VLC vs TEMPERATURE 

0 2. 

1. 

1. 

8 

6 

~ 1. 

~ 1. 

~ 1. 

~ O. 

4 

2 

0 

8 
> 

6 

0 

o. 
o. 
0.2 

-50 

r--. 
t"'--

r--. 

+50 +100 +150 

TEMPERATURE 1°C) 

POWER SUPPLY CURRENT vs V+ 

8.0 

1 7. 

~ 6. 

~ 5. 
:::> 

" 4. 
~ 
~ 3. 
to 

0 

0 

0 

0 

0 

0 

0
15 .. ;: 2. 

1.0 

o 

ALL BITS HIGH OR LOW 

1-

I. 

o 2.0 4.0 B.O B.O 10 12 14 1B 18 20 
V+. POSITIVE POWER SUPPLY (Vdc) 

TYPICAL APPLICATION 

PULSED REFERENCE OPERATION 

ov.J"L 

+VREF 

~ 

:. (OPTIONAL RESISTOR 
:: FOR OFFSET INPUTS 

, RREF 

TYPICAL VALUES 

RIN = 5K 
+VIN = 10V 
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8-BIT IIiGII SPEED MULTIPLYING 011 CONVERTER NE/SE5009 

DESCRIPTION 
The 5009 monolithic 8-bit digital-to-analog 
converter is an electrical selection of the 
5007/8 series of 8-bit DI A converters. Rela­
tive accuracy is specified to ±1/4LSB maxi­
mum over the operating temperature range. 
Differential nonlinearity and settling times 
are also specified to maximum limits. 

The device is specifically designed for pre­
cision applications in process control and 
military systems. The SE5009 is specified as 
equal or superior to the PMI DAC-08A in all 
respects. Additional relevant testing and 
application material is shown in the data 
sheet and application notes for the 
NE5007/8. 

FEATURES 
• Fast settling output current-60ns typi­

cal, 135ns maximum 
• Relative accuracy- ±0.1% maximum 
• Differential nonlinearity-±0.19% maxi­

mum 
• Low full-scale current drift, ±10 ppm/DC 

typical 
• SE5009 military qualifications pending 

APPLICATIONS 
• Fast 8-blt AID converter 
• Variable gain amplifiers 
• Waveform generators 
• 3 digit BCD D/A converter (0.1%) 
• Programmable power supplies 

DEFINITION OF TERMS 
Relative Accuracy-The maximum devia­
tion of the DAC output relative to an ideal 
straight line drawn from zero to full scale; 1 
LSB for any bit combination. 

Differential Nonlinearity-The incremental 
error from an ideal 1 LSB analog output 
change when the digital input is changed 1 
LSB; guaranteed monotonicity requires the 
differential linearity error be less than 1 LSB 
and with a tempco of essentially zero. 

Full Scale Tempco-The change in DAC full 
scale current with change in temperature 
expressed in ppm/o C. 

Monotonicity-For a 1 LSB increase of in­
put code, the output either increases or 
remains the same. 

Output Voltage Compliance-The range of 
allowable voltage levels the output pins can 
assume without a major effect on circuit 
performance. 

Power Supply Sensitivity-The change in 
DAC output current with changes in power 

NE5009-F,N • SE5009-F 

PIN CONFIGURATION 

F,N PACKAGE" 

NOTE 

'SE5009 is in F package only. 

EQUIVALENT SCHEMATIC 

MSB 
v+ vlC B1 82 B, B, B, B. 

~+_-+_-+ ..... --1 ....... -H--Ho---j-1 __ -F4-0 'OUT 

V REF 1+)0-':.=41-..... -+ __ • 

REFERENCE 
AMPLIFIER 

,. 
CaMP. v-

ABSOLUTE MAXIMUM RATINGS TA = 25°C unless otherwise specified. 

PARAMETER RATING UNIT 

Total supply voltage (V+ - V-) 36 V 
Logic input voltage V- + 36 V 
VLC Voltage at pin 1 V- to V+ V 
Reference input voltage V- to V+ V 
Reference input differential voltage ±18 V 
Reference input current 5.0 mA 
Operating temperature range 

SE5009 -55 to +125 °C 
NE5009 o to +70 °C 

Storage temperature range -65 to +150 °C 
Lead soldering temperature (10sec) 300 °C 
Power dissipation' 500 mW 

supply voltage. NOTE 

·Oerate F package at 10mW/oC above 100°C. 
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NES009-F,N • SES009-F 

DC ELECTRICAL CHARACTERISTICS These specs apply for Vs = ± lSV, IREF = 2mA, 

PARAMETER 

Resolution 
Monotonicity 

Relative accuracy 
Differential nonlinearity 

TCIFS Full scale tempco 
VOC Output voltage compliance 

IFS4 Full scale current 

IFSS Full scale symmetry 
Izs Zero scale current 

IFSR Output current range 

Logic input levels 
VIL Logic "0" 
VIH Logic "1" 

Logic input current 
hL Logic "0" 
hH Logic "1" 

VIS Logic input swing 
VTHR Logic threshold range 

115 Reference bias current 
di/dt Reference input slew rate 

Power supply sensitivity 
PSSIFS+ 

PSSIFS-

Power supply current 
1+ 
1-

Power supply current 
1+ 
1-

Power supply current 
1+ 
1-

Po Power dissipation 

T A for NES009 0° to 70° C, T A for SES009 -Sso to +12So C. 
Output char. for both lOUT and lOUT. 

NESOO9 SE5009 
TEST CONDITIONS 

Min Typ Max Min Typ 

8 8 8 8 8 
8 8 8 8 8 

Over temperature range ±0.1 
±0.1 ±0.19 ±0.1 

±10 ±SO ±10 
Full scale current change < 1/2LSB -10 +18 -10 

VREF = 10.000V, R14"R15 = S.OOOk 1.984 1.992 2.000 1.984 1.992 
TA = 2SoC 
IFS4 - IFS2 ±0.5 ±4.0 ±O.S 

0.1 1.0 0.1 

V- = -S.OV 0 2.0 2.1 0 2.0 
V- = -7.0V to -18V 0 2.0 4.2 0 2.0 

VLC = OV 0.8 
VLC = OV 2.0 2.0 

VLC = OV 
VIN = -10V to +0.8V -2.0 -10 -2.0 

VIN = 2.0V to 18V 0.002 10 0.002 

V- = -lSV -10 +18 -10 
V~= ±lSV -10 +13.S -10 

-1.0 -3.0 -1.0 
4.0 8.0 4.0 8.0 

IREF = lmA, V- = -lSV: 
V+ = 4.S to S.5V 0.0003 0.01 0.0003 

V+ = 13.S to 16.SV 0.0003 0.01 0.0003 
IREF = lmA, V+ = +15V: 

V- = -4.S to -S.SV 0.0003 0.01 0.0003 
V- = -13.S to -16.SV 0.0003 0.01 0.0003 

Vs = ±lSV, IREF = 1.0mA 
2.3 3.8 2.3 
-4.3 -S.8 -4.3 

Vs = +SV, -lSV; IREF = 2.0mA 
2.4 3.8 2.4 
-6.4 -7.8 -6.4 

Vs = ±lSV, IREF = 2.0mA 
2.S 3.8 2.S 
-6.S -7.8 -6.S 

±SV, IREF = 1.0mA 33 48 33 
+SV, -lSV, IREF = 2.0mA 108 136 108 

±lSV, IREF = 2.0mA 13S 174 13S 

S!,gDOliCS 

UNIT 
Max 

8 bits 
8 bits 

±0.1 % FS 
±0.19 % FS 

±SO ppm/oC 
+18 V 

2.000 mA 

±4.0 p.A 
1.0 p.A 

2.1 mA 
4.2 mA 

0.8 V 
V 

-10 p.A 
10 p.A 

+18 V 
+13.S V 

-3.0 p.A 
mA/p.s 

0.Q1 OfoFS/%VS 
0.01 %FS/%VS 

0.01 %FS/%VS 
0.01 %FS/%VS 

3.8 mA 
-S.8 mA 

3.8 mA 
-7.8 mA 

3.8 mA 
-7.8 mA 

48 mW 
136 mW 
174 mW 
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NE5009-F,N • SE5009-F 

AC ELECTRICAL CHARACTERISTICS These specs apply for Vs = ±15V, IREF'=2mA, 
Output char. for both lOUT and lOUT. 

PARAMETER 

ts . Settling time 

Major carry transition 

tpLH,tPHL Propagation delay 
Each bit 
All bits switched 

TEST CIRCUIT 

v v' 

CONTROL K::=====~ 
lOGIC 

REFERENCE OAe 
ACCURACY .006% 

TEST CONDITIONS 

To ±1/2LSB all bits switched 
ON or OFF, TA = 25°C 

To 90% complete, TA = 25°C 

TA = 25°C 

TYPICAL PERFORMANCE CHARACTERISTICS 

2.8 

° 
6 

1 2.4 

~ 2. 

~ 1. 

" () 1. 

~ 
~ O. 
o 

2 

8 

0.4 

OUTPUT CURRENT VI OUTPUT 
VOLTAGE (OUTPUT 

VOLTAGE COMPLIANCE) 

ALL BITS ON 

TA=Tmin1oTm!" 

I I 
v-" ~'5V. v-! -5V. 'REF"~mA 

I II I I . I' 
I!EF = tmA 

'RL"0'2mA 

~'4 -10-8-6 -4 -2 0 2 4 6 8 1012141618 
OUTPUT VOLTAGE (VI 
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FAST PULSED 
REFERENCE OPERATION 

2.5V 

O.5V 

-O.5mA 

lOUT 

-2.5mA 

-I-~ 
-~ ~I\ 

i\ 

200ns/division 
See Figure 1 

REO = 200n, RL = 100n. CC = a 

9(gDOliC9 

JI' 
II 

I-

SE/NE5009 
UNIT 

Min Typ Max 

60 135 ns 
20 ns 

35 60 ns 
35 60 ns 

TRUE AND COMPLEMENTARY 
OUTPUT OPERATION 

OrnA ..... t-..... l"..- 1Oiii'" 

1.0mA 
I' ~ 
l.,..oo .... ...... 

~ 

lOUT 
..... 1--' ~ 

2.0mA 

(OOODOOOD) (11111111) 



TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

FULL SCALE SETTLING TIME 

IV ALL BITS SWITCHED ON 

lOGIC 
INPUT 

2.4V 

O.4V 

OUTPUT -lJ1LSB 

SETTLING +1/2LS~ 

II 

IJ 
I 

SOns/division 

See Figure 13 for settling time fixture 

LSB PROPAGATION DELAY 
vIIFS 

50 0 

40 0 

30 0 

20 0 

10 0 

0 

II 
1LSB;; 7BnA 

111111111 t-o Q 
'" ~ N '" ~N C!~~C!cicioqC!C!~ 

I f5 OUTPUT FUll SCALE CURRENT (rnA) 

BIT 8 
LOGIC INPUT 

'OUT 

LSB SWITCHING 

2.4V 

Q.4V 
OV 

"pA 

II 

r,J. 

SOns/division 

REFERENCE INPUT 
FREQUENCY RESPONSE 

;;; 
:!O ... 

2 

~ -2 
::> 
~ -4 t-

"t-> 

~ -8 
0: 

·1 

·1 

-1 

0 

2 

4 

"'" , 
'" R'4 = RI5 = 1Kn " Rl :s:.500n I~ 1\1 ALL BITS "ON" 

VR1S = OV 
1\ ' l III 

11 II 
I I III 

0.1 0.2 0.5 1.0 2.0 
FREQUENCY (MHz) 

" 2 

" 1\ 

5.0 10 

Curve 1:CC = 15pF, Y,N = 2.0V p-p cenlered al +1.0V. 
Curve 2:CC = 15pF, Y,N = 50mV p-p centered 'at 

+200mV. 
Curve 3:CC = OpF, Y,N = 100mV p-p cenlered at OV 

and applied thru 50n connected to pin 14. 
+2.0V applied to R'4. 

NE5009-F,N • SE5009-F 

5.0 

FULL SCALE CURRENT VI 
REFERENCE CURRENT 

" E- t-:~l=8:~~':~;~X- LlMITFO~~ P-r- v-=-'~ 
4.0 ... 

::; IL 
0: 
0: 

3.0 ::> 
u ... 

V 
IL 

::> .. 
2.0 ... 

::> 
0 

IL 
/ I'LiMITFOR 

_if 1.0 IL l~r 
V I 

2. 

" E- 2. 
... 
~ 2. 
0: 

~ 1. 
U 

51. 
eo 5 o. 

o. 

IL o 
o 

.1 
1.0 2.0 3.0 4.0 

'REF REFERENCE CURRENT (mAl 

REFERENCE AMP COMMON 
MODE RANGE 

ALL BITS ON 

TA=TmintoTmax 

8 

1 1 4 

v- '" -15V V.'~ ·5V 1 lV+"'!15v 
0 

J Ii 'REF'" 2mA 
6 

1 J 2 

" IREF:o lmA I--
I I I 

4 I REF 0: 0.2m~_ 

0 

5.0 

-14 ~10 ~6 ~4 2 0 2 4 6 81012141618 

V1f, REFERENCE COMMON MODE VOLTAGE {VI 

Positive common mode range is always (V+l - 1.SV 

LOGIC INPUT CURRENT VI 
INPUT VOLTAGE 

VTH-VLC VI TEMPERATURE 

~ 
~ 6.0 
::; 
0: 
0: 
::> 
~ 4.0 

~ 
~ 

8 2.0 

g 

o 

It 
I 
I 

-12 8.0 4.0 0 4.0 8.0 12 16 
lOGIC INPUT VOLTAGE (VI 

2.0 

1.8 

1. " >" 1.4 

-~ 1.2 

~ 1. 

i: o. 
0 

" > o. 6 

0.4 

0.2 

o 

Si!l0otiCS 

...... 
...... 

1'0 

-50 +50 +100 +150 

TEMPERATURE (OCI 
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8 OITHIGO SPEED MULTIPLYING O/A CONIEI lEI 

454 

SETTLING TIME AND PROPAGATION DELAY 

0" 02 = IN6263 or equivalent 
03 = IN914 or equivalent 
C, =0.01,,1 
C2, C3 = 0.1,,1 
0, = 2N3904 or equivalent 
C4. Cs = 15pf and includes all 

probe and fixturing capacitance 

R\4 = S.OOkU 

VREF:: 10.000Y o--'\II/'Ir-----i 14 

'Rei:: 2.00mA 

15 

VIN 

BASIC 5008/5009 CONFIGURATION 

MSB 2 3 4 5 6 7 LSB 

+Y Ret 

(LOW T.e.) '--___ -I 
"0-----0 10 

10 

I·'"' 
+VRe' 255 -

IFS ~ -- X - ; 10 + 10 = IFS lor all logic states 
RRe' 256 

RECOMMENDED FULL SCALE AND ZERO SCALE ADJ. 

VRel 

R, 

R, 

~----------__ -t'4 

R, = low T.C. 
R3= R, + R2 

..------I,s 

R, 

R2 <::-. 0.1 R1 to minimize 
pot contribution to lull scale drift 

5008/9 

v.~v­

RS=20kU 

Gl!)notiCG 

NE/SESDDI 

NES009-F,N • SESOO9-F 



NE5009-F,N • SE5009-F 

UNIPOLAR VOLTAGE OUTPUT FOR LOW IMPEDANCE OUTPUT 

0----1 '4 5008/9 >---''--OVOUF 
OTO "'"10V 

15 

UNIPOLAR VOLT OUTPUT FOR HIGH IMPEDANCE OUTPUT 

a) Positive Output 
? 

V:: 1000DV 

SkU SkU 

:'> :: 2mA 
5008/9 - 14 

~ 

Your 

/ 

b) Negative Output VOUT 

IR:: 2mA 
5008/9 0----1 '4 

BASIC BIPOLAR OUTPUT OPERATION (OFFSET BINARY) 

I V" 10.00Y 

t 10k!! 

IR = 2mA ) 
10kH - ,. 

5008/9 
Your 

/ 

1 VOUT 

CODE CHART 

B1 B2 B3 B4 BS B6 B7 Be VOUT VOUT 

POS full scale 1 1 1 1 1 1 1 1 - 9.920V +10.000 
POS f.s. - 1LSB 1 1 1 1 1 1 1 0 - 9.640V +9.920 
+ Zero scale + 1 LSB 1 0 0 0 0 0 0 1 -O.OBOV +0.160 

Zero scale 1 0 0 0 0 0 0 0 0.000 +0.080 
Zero scale - 1 LSB 0 1 1 1 1 1 1 1 0.080 0.000 
Neg full scale - 1LSB 0 0 0 0 0 0 0 1 +9.920 -9.840 
Neg full scale 0 0 0 0 0 0 0 0 +10.000 -9.920 

9i!1DOliG9 455 



SYMMETRICAL OFFSET BINARY (BIPOLAR) 

'R:: 2mA 

o--'----t t4 

VOUT = D to tV' 

±V *Range: 
±5V for Rt = R2 = 2.5k 
±IDV for Rt = R2 = 5.Dk 

R, 

5008/9 

NES009-F,N • SES009-F 

3 DIGIT BCD CONVERTER 
A 3 digit BCD converter, using inexpensive 
8-bit binary DACs, can achieve±0.1% accu­
racy. The circuit shown in Figure 20 utilizes 
three DACs, one for each decade, to provide 
o to 999 output steps. DAC 1 contains the 
first four significant digits controlling the 
hundreds digit; DAC 2 controls the tens 
digit and DAC 3 steps 0 to 9. The feedback 
resistor (R7) sets the full scale at 9.99V. 

The input coding is the popular 8-4-2-1 
coding; i.e. the weighting ratios are 8, 4, 2 
and 1. The full scale (999) BCD code is input 
code 100110011001. 

F.ull scale adjustment procedure. 

In the sequence below, switch on the follow­
ing code combinations and adjust the indi­
cated potentiometer for the proper output. 

3 DIGIT BCD CONVERTER WITH ±O.1% ACCURACY 

VREF = 10.DOV 

1k 4.5k 

.. 15Y -15V 

INPUT CODE 

MSD LSD 

000000000000 
000000001001 
000010011001 

+15V 

ADJUST POT DESIRED OUTPUT 

R, 
R, 
R, 
R, 

oooov 
00" 
O.99V 
9.99V 

">--'---oVOUT 

-15V 



PRELIMINARY SPECIFICATION 

DESCRIPTION 
The NE5018 is a complete 8-bit digital to 
analog converter subsystem on one mono­
lithic chip. The data inputs have input 
latches, controlled by a latch enable pin. The 
data and latch enable inputs are ultra-low 
loading for easy interfacing with all logic 
systems. The latches appear transparent 
when the LE input is in the low state. When 
LE goes high, the input data present at the 
moment of transition is latched and retained 
until LE again goes low. This feature allows 
easy compatibility with most microproces­
sors. 

The. chip also comprises a stable voltage 
reference (5V nominal) and a high slew rate 
buffer amplifier. The voltage reference may 
be externally trimmed with a potentiometer 
for easy adjustment of full scale, while main­
taining a low temperature co-efficient. 

The output of the buffer amplifier may be 
offset so as to provide bipolar as well as 

FEATURES 
• 8-bit resolution 
• Input latches 
• Low-loading da.ta inputs 
• On-chip voltage reference 
• Output buffer amplifier 
• Accurate to ± 1/2 LSB 
• Monotonic to 8 bits 
• Amplifier and reference both short­

circuit protected 
• Compatible with 2650, 8080 and many 

other !,P's. 

APPLICATIONS 
• Precision 8-bit 01 A converters 
• AID converters 
• Programmable power supplies 
• Test equipment 
• Measuring instruments 
• Analog-digital multiplication 

unipolar operation. ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vcc+ Positive supply voltage 
Vcc- Negative supply voltage 
VIN Logic input voltage 
VREFIN Voltage at VREF input 
VREFADJ Voltage at VREF adjust 
VSUM Voltage at sum node 
IREFSC Short-circuit current 

to ground at VREF OUT 

PIN CONFIGURATION 

F,N PACKAGE 

SE5018 avaitable in F package only. 

RATING 

18 
-18 

o to 18 
12 

o to VREF 
12 

Continuous 
IOUTSC Short-circuit current to ground 

or either supply at VOUT 
IREF Reference input current 
PD Power dissipation" 

-N package 
-F package 

TA Operating temperature range 
SE5018 
NE5018 

TSTG Storage temperature range 
TSOLD Lead soldering temperature 

(10 seconds) 

"NOTE 
For N package, derate at 1200 C/W above 35° C 
For F package, derate at 75° C/W above 75° C 

Si!lnotics 

Continuous 
5 

800 
1000 

-55 to +125 
o to +70 

-65 to +150 

300 

NE5018-F,N 

UNIT 

V 
V 
V 
V 
V 
V 

mA 

mW 
mW 

°C 
°C 
°C 

°C 
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PRELIMINARY SPECIFICATION NE5018-F,N 

DC ELECTRICAL CHARACTERISTICS Vcc+ = 15V, Vcc- = -15V, SE5018. -55DC:5 TA:5 125DC, 
NE5018. ODC:5 TA:5 70DC unless otherwise specified. 

PARAMETER 

Vcc+ Positive supply voltage 
Vcc- Negative supply voltage 

Resolution 
Relative accuracy 

Ts Settling time 
PSRR Power supply 

Rejection ratio 
Icc+ Positive supply current 
Icc- Negative supply current 
IIN(O) Logic "0" input current 
VIN(O) Logic "0" input voltage 
VIN(l) Logic "1" input voltage 
TpWLE Latch enable pulse width 

BLOCK DIAGRAM 

Vcc+ 

V~~~ 0------+--<: 

VREF R 

BIPOLAR 
OFFSET 

IN 

Vcc-

SE5018 
TEST CONDITIONS 

Min Typ 

15 
-15 
8 

To ± 1/2LSB, 10V step 2 
Vcc+ +12 to +18V ±1 
Vcc- -12 to -18V 

Vcc+ = 15V 8 
Vcc- = -15V -10 

VIN =' OV 5 

2.0 
400 

DRS DBS 084 DB3 DB2 DB1 

LATCHE:SAND 
SWITCH DRIVERS 

DAC SWITCHES 

1 DAC CURRENT 
OUTPUT 

All R valves equal 5Kn and are thermally matched. 

458 SmootiCS 

Max 

±0.19 

0.8 

DIGITAL 
GND 

NE5018 
UNITS 

Min Typ Max 

15 V 
-15 V 
8 bits 

±0.19 % 
2 IlS 

±1 mVN 

8 mA 
-10 mA 
5 IlA 

0.8 V 
2.0 V 

400 ns 

~--------------oSUMNODE 

">--+-----OVOUT 

L------o~~~P. 

~-------o~~~LOG 



8 BIT IIP·COMPATIBLE O/A CONVERTER 

PRELIMINARY SPECIFICATION 

EQUIVALENT SCHEMATIC 

[E 
10 

14 

13 

"------y--J 
FULL SCALE 

ADJUST 

VFS= 9.961V 
LSB = 3.9mV 

0- 9.961V OPERATION 

DIGITAL INPUTS 

.----',,'------. 

,. 17 

O.1,u 

Ycc-

NE5018 

S(gODtiCS 

Vee + ,. 

21 

~O.," 

~~-o-.::;DI,G. GND 

22 ANALOG GND 

,. 

NES018-F,N 

DAC 
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SECTion II 
AUDIO CIRCUITS 
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DUAl lOW NOISE PREAMP 

DESCRIPTION 
The LM3811LM381A is a dual preamplifier 
for the amplification of low level signals in 
applications requiring optimum noise per­
formance. Each of the two amplifiers is 
completely independent, with individual 
internal power supply decoupler-regulator, 
providing 120dB supply rejection and 60dB 
channel separation. Other outstanding fea­
tures include high gain (112dB), large out­
put voltage swing (Vee -2V p-p), and wide 
power bandwidth (75kHz, 20V p-p.l. The 
LM381 ILM381 A operates from a sing Ie su p­
ply across the wide range of 9 to 40V. 

Either differential input or single ended 
input configurations may be selected. The 
amplifier is internally compensated with the 
provision for additional external compensa­
tion for narrow band applications. 

TYPICAL APPLICATIONS 

II 

NOTE 

TYPICAL TAPE PLAYBACK 
AMPLIFIER 

24V 

>":':" 8:::..' ~--oO.5Vrma 

2.2M 

All resistors standard and are measured in ohms. 

NO'tE 

TYPICAL MAGNETIC PHONO 
PREAMP 

All resistors standard and are measured in ohms. 

FEATURES 
• Low noise-.5/lV total input noise 
• High gain-112dB open loop 
• Single supply operation 
• Wide supply range 9-40V 
• Power supply rejection 120dB 
• Large output voltage swing(Vcc 

-2VP-P) 
• Wide bandwidth 15MHz unity gain 
• Power bandwidth 75kHz, 20V p-p 
• Internally compensated 
• Short circuit protected 

EQUIVALENT CIRCUIT 

Vee 
19) 

[M381 38lA 

LM381/381A-N 

PIN CONFIGURATION 

j IN (1) 1 

IN DIFF. {11 2 

IN S E. 11} 3 

EXT. COMP, , ' 

(ll 6 

OUTPUT (1) 7 

N PACKAGE 

13 -IN DIFF. (2) 

" I EXT. COMPo 

10 (2) 

8 OUTPUT (2) 

ORDER PART NO. 
LM381N LM381AN 

1"----­ ----------,-- ----I 

I 
I .3 
I 
I 01 

I 
I 
I 
I 
I Z1 

I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

'-----..... --1t-O 17.8) 

I 
I 
I 

L ___ ---1. __ _ _____ L ____ -.--1 

TYPICAL APPLICATIONS 

TWO-POLE FAST TURN-ON 
NAB TAPE PREAMP 

2,V 

All resistors standard and are measured in ohms. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
Power dissipation 
Operating temperature range 
Storage temperature range 
Lead temperature (soldering, 60sec) 

SjgOotiCS 

NOTE 

AUDIO MIXER 

1,F 
8o--j 

I 
1"F SOOk I 

N <>--~f--.,Mf--" 

24V 

'80 

2.'" 

All resistors standard and are measured In ohms. 

RATING UNIT 

+40 V 
600 mW 

o to +70 ·C 
-65 to +150 ·C 

+300 ·C 
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DUAL LOW NOISE PREAMP I M381 381A 

LM381/381A-N 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = 14V unless 'otherWise specified. 

TEST CONDITIONS 
LM381/381A 

PARAMETER 
Min Typ Max 

Voltage gain Open loop (differential input) 160,000 
Open loop (single ended) 320,000 

S"upply current Vee 9 to 40V, RL = ., 10 

I nput resistance Positive input 100 
Negative input 200 

Input current Negative input 0.5 
Output resistance Open loop 150 

Output current Source 8 
Sink 2 

Output voltage swing Peak-to-peak Vee -2 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = 14V unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Small signal bandwidth 
Power bandwidth 20V p-p (Vee = 24V) 
Maximum input voltage Linear operation 

Supply rejection ratio f - 1kHz 
Channel separation f = 1kHz 

Total harmonic distortion 75dB gain, f = 1 kHz 
RS = 6000, 100-10,000Hz 

Total equivalent input noise (single ended input) 
LM381A 
LM381 

Noise figure 

} 50kO,100 -10,000Hz 
Single 

10kO,100-10,000Hz Ended 
lriput 

SkO, 100 -10,000Hz 

TYPICAL PERFORMANCE CHARACTERISTICS 

464 

LARGE SIGNAL 
FREQUENCY RESPONSE 

:~~ ~~i~:rl~~ooo '---
\ 
\ 

\ 
\ 
\ 
\ 
\ 

'-.... 

GAIN VB TEMPERATURE 

1000L---...l----!..---..:.--l 

Sjgnotics 

LM381/381A 

Min Typ Max 

15 
75 

300 

120 
60 

0.1 

0.5 0.7 
O.S 1.0 

1.0 

1.3 

1.6 

VCC VB ICC 

, 

, 

, 

0 -
,/ V 

. 
, 

. 

UNIT 

VIV 
VIV 

mA 

kO 
kO 
p.A 

° mA 
mA 

V 

UNIT 

MHz 
kHz 

mVrms 

dB 
dB 

% 

p.Vrms 
p.Vrms 

dB 

dB 

dB 

-



TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

P-P OUTPUT VOLTAGE SWING 
vs VCC 

. 

· 

· 

· 

· 

·i 

/ 
/ 

/v 
/V 

PSRR vs FREQUENCY 

1/ f--- ""-
1/ 

/ 

~ ~ 51lOj.Fd -= 
J "'~~ 

NOISE VOLTAGE vs 
FREQUENCY 

IIIOTE: :~~:-SINGl€ ENDeD 

\ 

f e~~~~~~H---4-4-+4+++H 
? 

% DISTORTION 

f- vcl- 12v 

NAil EOUIVALENT 

\ / 
,/:. V 

~ io"" V , .. ,' 

GAIN AND PHASE RESPONSE 

:" 
· · 
· , 

· 
· · 

'\ '" PHAS~ '\. '''" 

~ 

'" '\. 

NOISE CURRENT 
vs FREQUENCY 

, 

\ '\.< 
" ". 

NOTE: RS=501c 

MODE-8INGLEENDED 

--

9i!1notic9 

, 

, 

. 
, 

LM381/381A-N 

CHANNEL SEPARATION 

~ ............ 

""'l'.. 

AV 1000 
Vcc- 12V 

VOLTAGE GAIN vs 
SUPPLY VOLTAGE 

PULSE RESPONSE 

1\ 
\ 

'\ 

AV=10 
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DESCRIPTION 
The LM382 is a dual preamplifier for the 
amplification of low level signals in applica­
tions requiring optimum noise perform­
ance. Each of the two amplifiers is 
completely independent, with individual in­
ternal power supply decoupler-regulator, 
providing 120dB supply rejection and 60dB 
channel separation. Other outstanding fea­
tures include high gain (100dB), large out­
put voltage swing (Vce -2V) pop, and wide 
power bandwidth (75kHz, 20V pop). The 
LM382 operates from a single supply across 
the wide range of 9 to 40V. 

A resistor matrix is provided on the chip to 

FEATURES 
• Low nOise-O.8;uV lotal equlvalenllnput 

noise 
• High gain-100dB open loop 
• Single supply operation 
• Wide supply range 9 to 40V 
• Power supply relectlon-120dB 
• Large ouiput voltage swing 
• Wide bandwidth-15MHz unity gain 
• Power bandwidth-75kHz, 20V pop 
• Internally compensated 
• Short circuit prolected 

allow the user to select a variety of closed EQUIVALENT SCHEMATIC 
loop gain options and frequency response 
characteristics such as flat-band, NAB or 
RIAA equalization. The circuit is supplied in 
the 14 lead dual-in-line package. 

TYPICAL APPLICATIONS 

466 

" 

TAPE PREAMPLIFIER 
(NAB EQUALIZATION) 

vee 

PHONO PREAMP 
(RIAA EQUALIZATION) 

Vee 

2,130----1 

5, 10 -=-

CAPACITOR GAIN 

C10nly 40dB 
C2 Only 55dB 
C1 & C2 80dB 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
Power dissipation 
Operating temperature range 
Storage temperature range 
Lead temperature 

(soldering, SOsec) 

TYPICAL APPLICATIONS 

7,8 FLAT RESPONSE 
FIXED GAIN CONFIGURATION 

7,8 

smooties 

LM382-N 

PIN CONFIGURATION 

NPACKAGE 

+IN (2) 

-IN (2) 

GAIN 12 GAIN 
CONTROL (1) CONTROL (2) 

GAIN GAIN 
CONTROL (1) CONTROL (2) 

GAIN 9 9 A1N 
CONTROL (1) CONTROL (2) 

OUTPUT (1) 7 8 OUTPUT (2) 

ORDER NO. 
LM382N 

(7,81 

RATING UNIT 

+40 V 
600 mW 

o to +70 DC 
-65 to +150 DC 

+300 DC 



DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = 14V unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Voltage gain Open loop (differential input) 
Supply current Vee 9 to 40V, RL = '" 

Input resistance Positive input 
Negative input 

Input current Negative input 
Output resistance Open loop 

Output current Source 
Sink 

Output voltage swing Peak-to-peak, RL = 10k 

AC ELECTRICAL CHARACTERISTICS 

PARAMETER TEST CONDITIONS 

Small signal bandwidth 
Power bandwidth 20V p-p (Vee = 24V) 
Maximum input voltage li near operation 

Supply rejection ratio f = 1kHz 
Channel separation f = 1kHz 

Total harmonic distortion 60dB gain, f = 1kHz 
Total equivalent input noise Rs = 6000, 100-10,000Hz 

Noise figure 50kO,100-10,000Hz 
10kO,100-10,000Hz 
5kO,100-10,000Hz 

TYPICAL PERFORMANCE CHARACTERISTICS 

LARGE SIGNAL 
FREQUENCY RESPONSE 

, 
, . 
, . 
, 

, 
1kHz 

\ 
\ 

~Ti~~T~:~~~ooo t---

\ 
\ 
\ 
\ 
\ , 

GAIN VI TEMPERATURE 

HMPERATURE(OCI 

SmootiCS 

Min 

Min 

40 

, 

, 

, 

, 

,k" 

, 

, 

, 

lM382-N 

lM382 
UNIT 

Typ Max 

100,000 V/V 
10 16 mA 

100 kO 
200 kO 

0.5 iJA 
150 ° 

8 mA 
2 mA 

Vee-2 V 

LM382 
UNIT 

Typ Max 

15 MHz 
75 kHz 

300 mVrms 

120 dB 
60 dB 

0.1 0.3 % 
0.8 1.2 iJVrmS 

1.0 dB 
1.6 dB 
2.6 dB 

VCC VI ICC 

- -.......... 
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LM382-N 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'dJ 

P-P OUTPUT VOLTAGE SWING % DISTORTION CHANNEL SEPARATION 
.. VI VCC 

.. u '" 

/ 10 r-~J~12V 
§ "" 

,...... r..... .. , ....... ~ 
'" ~ I 

., 
"" / .. , '\ ~ .. ... 

~ '" /v NA8EOUIVALENT 

§ ... 
'" 

"' • \ ./ '" .. , 
~ '" V ,~ V ~ 

/ 
., 

~ • ., V '" "' 40dB 
AV"1OO0 
VCC',2V . . 

'" '" '" .. " ". ,. 
'" """ " , .. lkH. lOkH. l(X)kH, lMH. 

SUP~LYVOlTAGE (V) FREOUENCY(Ht) FREQUENCY (H» 

PSRR VI FREQUENCY GAIN AND PHASE RESPONSE VOLTAGE GAIN vs 
SUPPLY VOLTAGE 

,,. 
'" '" 

V I--t"-. 110 """ 
>5 "" 

,....~ 

'" 'CO 
1\' 

'" 1/ '\ \ "\. 
90 

90 " 90 

110 " .. 
/ PHASE,\ 

'" GA.IN '" 
'" " .. 

100 

" 
60 

~ '" '" 
~l 

50 '" '\ .. 
'" ., 

-""J'.. " . 
500IlFd~ '" '" '" AV ·l000 \ " " " \.\ 

>50 

'" " -=- 10 
'\ 

'" 10 100 '" lOOk 
. " . a 

10 >5 " 25 30 " 
., ,. 

'" 'OM , 10 "A ,. 
'" O.lM 'M 10M 

FREQUENCY (Hli FREQUENCY IHl) SUPPLY VOLTAGE IV) 

NOISE VOLTAGE VI FREQUENCY NOISE CURRENT vS FREQUENCY PULSE RESPONSE 

" 9 
NOTE: RS-O 

NOTE: RS - 50k Av n 10 
MODE·SINGlE ENDED MODE·SINGlE ENDED , 

10 

\ 
., , 

8 :.t--... 6 

-.... 
'I"-~ ~ - , 

;; 6 ~ .3 - . £ 
z r- z 
;-

3 

4 .2 \ 2 

\ , 
\ 2 ., 

a 

-, 
'" 

,. 
'''' 100 ,. '" -20 -" a " '" '" 40 50 .. 70 90 

11Hz) I(H.I TIME (psi 
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Oil" III ... N'Ii'" pRiAl" 

DESCRIPTION 
The LM387 is a dual preamplifier for the 
amplification of low level Signals in applica­
tions requiring optimum noise perform­
ance. Each of the two amplifiers is com­
pletely independent, with an internal power 
supply decoupler-regulator, providing 
110dB supply rejection and 60dB channel 
separation. Other outstanding features in­
clude high gain (104dB), large output volt­
age swing (Vee - 2V p-p), and wide power 
bandwidth (75kHz, 20V p-pl. The LM387 
operates from a single supply across the 
wide range of 9 to 40V. 

The amplifiers are internally compensated 
for all gains greater than 10. The LM387 is 
available in an 8 lead dual-in-line package. 

TYPICAL APPLICATIONS 

TYPICAL MAGNETIC PHONO 
PREAMPLIFIER 

lOOk 

r 20,LIF 

-=-

30V 

AUDIO MIXER 

24V 

'"F 500k 

e o--Jl~...,N.iI'-"". 
1p:F 500k I 

N o--~~-.,w--~ 
2.4k 

FEATURES 
• Low noise-O.8I'V total input noise 
• High gain-104dB open loop 
• Single supply operation 
• Wide supply range 9 to 40V 
• Power supply rejecllon-110dB 
• Large output voltage swing (V CC - 2V 

p-p) 
• Wide bandwidth 15MHz unity gain 
• Power bandwidth 75kHz, 20V p-p 
• Internally compensated 
• Short clrcuil protected 

EQUIVALENT CIRCUIT 
Vee 

Rl 

EM317 

LM387-N 

PIN CONFIGURATION 

NPACKAGE 

-IN 2 7 -IN (2) 

GND 3 6 Vee 

HN(l)OS +'N(2) 
OUTPUT (1) 4 5 OUTPUT (2) 

ORDER PART NO. 

LM387N 

----, 
I 
I 
I 
I 
I 
I 
I 
I 
I L-___ +--+-.(l (4, 5) 

I 
I 
I 

_____ ..L ____ --.J 

TYPICAL APPLICATIONS 

TWO-POLE FAST TURN-ON NAB 
TAPE PREAMPLIFIER 

24V 

14.5) 

120pF 

II 680k 

220k 220k 

2k 2k 
24k 

I""F 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
Power dissipation 
Operating temperature range 
Storage temperature range 
Lead temperature (soldering. 60sec) 

9i!100tiC9 

II 

TYPICAL TAPE PLAYBACK 
AMPLIFIER 

24V 

.(4,5) O.5Vrms 

RATING UNIT 

+40 V 
500 mW 

o to +70 ·C 
-65 to +150 ·C 

+300 ·C 
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DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = 14V unless 
otherwise specified. 

LM387 
PARAMETER TEST CONDITIONS 

Min Typ Max 

Voltage gain Open loop 160,000 
Supply current Vee 9 to 40V, RL = ., 10 

Inputresistance Positive input 100 
Negative input 200 

Input current Negative input 0.5 
Output resistance Open loop 150 

Output cu rrent Source 8 
Sink 2 

Output voltage swing Peak-lo-peak Vee-2 

UNIT 

VIV 
mA 

kO 
kO 

p.A 
0 

mA 
mA 

V 

AC ELECTRICAL CHARACTERISTICS TA = 25 ce, Vee = 14V unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Small signal hanrlwirlth 
Power bandwidth 20V p-p (Vee = 24V) 
Maximum input voltage Linear operation 

Supply rejection ratio f= 1kHz 
Channel separation f= 1kHz 

Total harmonic distortion 75dB gain, f = 1 kHz 
Total equivalent input noise Rs=6000,100-10,OOOHz 

Noise figure 50kO,100-10,OOOHz 
10kO,100-10,OOOHz 
5kO,100-10,OOOHz 

TYPICAL PERFORMANCE CHARACTERISTICS 

22 

14 

10 

4 

2 

0 

470 

LARGE SIGNAL 
FREQUENCY RESPONSE 

VCC,,"40J AV"1000 -
\ . 1% DISTORTION 

\ 

1\ 
\ 
\ 
\ 

\ 

"--
10kH~ 100M 

FREQUENCY ~Hz} 

GAIN VB TEMPERATURE 

90'-0 ----:'.:-----:'.:----~ 

TEMPERATURE l"cl 

91!1notic9 

Min 

l' 
-~ 

LM387 

Typ 

.~ 

'w 

75 

110 
60 

0.1 
0.8 

1.0 
1.6 
2.8 

3 

2 

1 

0 

,/ 
V-

B 

7 

. 

LM387-N 

UNIT 
Max 

iviriz 
kHz 

300 p.Vrms 

dB 
dB 

% 
1.4 p.Vrms 

dB 
dB 
dB 

VccvslCC 

.-- -
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LM387-N 

TYPICAL PERFORMANCE CHARACTERISTICS (Conl'd) 
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DESCRIPTION 
The NElSE540 is a monolithic, class AB 
power amplifier· deSigned specifically to 
drive a pair of complementary output tran­
sistors. The device features low standby 
current yet· retains a high output current 
drive capability with internal current limit­
ing. A wide power bandwidth and excellent 
linearity make this device ideal for use an 
audio power amplifier. 

FEATURES 
• Internal current limIting 
• Low standby current 
• High output current capability 
• Wide power bandwidth 
• Low distortion 

EQUIVALENT SCHEMATIC 

PIN CONFIGURATION 

L PACKAGE 

v' 

POWER LIMIT 

ORDER PART NO. 
NE540L. SE540L 

r---~--~------~----~----~----------~~r--'--~r-~--------r---ol0 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Supply voltage 
SE540 ±27 V 
NE540 ±22 V 

Operating temperature range 
SE540 -55 to +125 °C 
NE540 o to +70 °C 

Storage temperature range -65 to+150 °C 
Output short circuit duration Indefinite 

(Not exceeding maximum dissipation,) 
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POUIER DR'" R Nf Sf C4lJ 

NE/SE540-L 

DC ELECTRICAL CHARACTERISTICS TA = 25°C and Vee = ±20V unless otherwise specified. 

SE540 NE540 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Operating supply voltage ±5 ±25 ±5 ±20 V 
Quiescent current 13 20 13 20 rnA 

Input offset voltage 5 7 7 10 mV 
Input offset current 0.3 0.7 0.5 1 /LA 

Input bias current 1.5 3 2 5 /LA 
Input impedance 20 20 kO 

Current gain 80 100 70 90 dB 
Gain variation over 40dB gain ±0.1 ±0.1 dB 
temperature range 

Power supply rejection ratio 40dB gain 80 90 60 80 dB 
Common mode rejection ratio 110 90 dB 

Output drive current ±120 ±150 ±80 ±100 rnA 

AC ELECTRICAL CHARACTERISTICS TA = 25°C and Vee = ±20V unless otherwise specified. 

SE540 NE540 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Frequency response 40dB gain ±1dB 500 100 kHz 
Distortion 40dB gain, Output 3dB below 0.25 0.5 0.5 1.0 % 

maximum 
RL = 6000 
RL = 2kO 0.06 0.06 

Equivalent input noise voltage Rs = 6000 
50Hz to 500kHz 10 10 /LV 

Slew rate Vee = ±20V 200 200 V//LS 
VOUT = ±15V 
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NE/SES40-L 

TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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TEST CIRCUITS 

OFFSET VOL TAGE MEASUREMENT 
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DESCRIPTION 
The NE541 is a monolithic, class AS power 
amplifier designed specifically to drive a 
pair of complementary output transistors. 
The device features low standby current yet 
retains a high output current drive capabili­
ty with internal current limiting. A wide 
power bandwidth and excellent linearity 
make this device ideal for use as an audio 
power amplifier. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
Operating temperature range 
Storage temperature range 
Output short circuit duration 

FEATURES 
• Internal current limiting 
• Low standby current 
• High output current capability 
• Wide power bandwidth 
• Low distortion 

RATING 

±42 
o to +70 

-65 to +150 
Indefinite 

(Not exceeding maximum dissipation.> 

BLOCK DIAGRAM 

R, 

n, 

n, 

R, 

UNIT 

V 
°C 
°C 

NE541-PHA 

PIN CONFIGURATION 

PHA PACKAGE 
(Top View) 

ORDER PART NO. 
NE541PHA 

PIN DESIGNATION 

PIN NO. NAME AND FUNCTION 

1 Output 2 (base) 
2 Output 3 (collector) 
3 V+ 
4 Power limit 
5 NC 
6 Non-inverting input 
7 NC 
8 Inverting input 
9 Power limit 

10 V-
11 NC 
12 Output 1 (emitter) 

f----<>12 

L-_l-_____ ~--~-----~--------~------~~ __ +_--~--~~--_o10 
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NE541-PHA 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = ±40V unless otherwise specified.1 

NE541 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Operating temperature range 0 +70 °C 
Operating supply voltage ±5 ±40 V 

Quiescent current 14 25 mA 

Input offset voltage 7 10 mV 
Input offset current 0.5 1 p.A 

Input bias current 2 6 p.A 
Input impedance 40dB gain 20 kO 

Current gain 70 90 dB 
Gain variation over temperature range 40dB gain ±0.1 dB 

Power supply rejection ratio 40dB gain 60 70 dB 
Common mode rejection ratio 90 dB 

Output drive cu rrent 55 80 mA 

NOTES 

1. Heat sink tab is tied to substrate-do not ground or tie to any voltage. 
2. Not exceeding maximum dissipation. 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = ±40V unless otherwise specified. 

NE541 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Frequency response 40dB gain ±1dB 100 kHz 
Distortion 40dB gain, Output 3dB below 0.4 1.0 % 

maximum, RL = 6000 

Equivalent input noise voltage Rs = 6000, 50Hz to 500kHz 10 p.V 
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. DUAL LOW·MOISE PREAMP 

DESCRIPTION 
The NE542 is a dual preamplifier for the 
amplification of low level Signals in applica­
tions requiring optimum noise perform­
ance. Each of the two amplifiers is com­
pletely independent, with individual internal 
power supply decoupler-regulator, provid­
ing 110dB supply rejection and 70dB chan­
nel separation. Other outstanding features 
include high gain (1 04dB), large output volt­
age swing (Vee -2Vp-p), and internal com­
pensation to 10dB. The NE542 operates 
from a single supply across the wide range 
of 9 to 24V. 

The NE542 is ideal for use in stereo phono, 
tape, or microphone preamps and other 
applications requiring low noise amplica­
tion of small signals. 

FEATURES 
• Low noise-. 7 IN total input noise 
• High galn-1 04dB open loop 
• Single supply operation 
• Wide supply range 9 to 24V 
• Power supply rejection 11 OdB 
• Large output voltage swing 

(V CC -2V p-p) 
• Wide bandwidth 15MHz unity gain 
• Power bandwidth 100kHz (15V p-p) 
• Internally compensated (stable at 10dB) 
• Short circuit protected 
• High slew rate 5V//ls 

EQUIVALENT CIRCUIT 

Vee 

r-----
I 
I I R3 

I 01 

I 
I 
I 
I 
I ZI 

I 
I 
I 
I 
L ___ -'- __ _ 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
Power dissipation 
.Operating temperature range 
Storage temperature range 
Lead temperature (soldering, 60sec) 

NES4! 

NE542-N 

PIN CONFIGURATION 

NPACKAGE 

IN (1) 2 7 IN (2) 
I1Nl1lo··!NI2I 

GND 3 6 Vee 

Output (1) 4 . 5 Output (2) 

ORDER NO. 
NE542N 

----, 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 

_____ ...L_~ __ _.J 

RATING UNIT 

+24 V 
500 mW 

o to +70 °C 
-65 to +150 °C 

+300 °C 

14,5) 

DC ELECTRICAL CHARACTERISTICS TA = 25° C, Vee = 14V 
unless otherwise specified. 

NE542 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Supply voltage 9 24 V 
Supply current Vee=9t018V,RL='" 9 12 mA 

Input resistance 
Positive input 100 kn 
Negative input 200 kn 

Output resistance Open loop 150 n 
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NE542-N 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = 14V unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Voltage gain Open loop 

Input current 
Negative input 

Output current Source 
Sink rlinear operation) 

Output voltage swing 

Small signal bandwidth 
Slew rate 

Power bandwidth 15V P"P 

Maximum input voltage Linear operation 

Supply rejection ratio f=60, 120Hz 
f = 1kHz 

Channel separation f = 1kHz 

Total harmonic distortion 75dB gain, f = 1kHz 
Total equivalent input 

Noise RS = 6000, 100"': 10,OOOHz 

Noise figure RS ==50kO, 10 - 10,OOOHz 
RS =20kO, 10 10,OOOHz 
RS = 10kO, 10 - 10,OOOHz 
RS = 5kO, 10-10,OOOHz 

TYPICAL PERFORMANCE CHARACTERISTICS 

LARGE SIGNAL FREQUENCV RESPONSE 
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NE542 
UNIT 

Min Typ Max 

160,000 VIV 

.5 Jl,A 

8 14 mA 
2 3. mA 

Vee -2.5 Vee -2 V 

15 MHz 
5 V/JI,s 

100 kHz 

300 mVrms 

100 dB 
110 dB 
70 dB 

.1 % 

.7 1,2 Jl,Vrms 

1.2 dB 
1.2 dB 
1;5 dB 
2.4 dB 
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NE542-N 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

PSRR vs FREQUENCY GAIN AND PHASE RESPONSE VOLTAGE GAIN vs 
SUPPLY VOLTAGE 
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OBJECTIVE SPECIFICATION 

DESCRIPTION 
The 570/571 is a versatile low cost dual gain 
control circuit in which either channel may 
be used as a dynamic range compressor or 
expandor. Each channel has a full wave 
rectifier to detect the average value of the 
signal; a linerarized, temperature compen­
sated variable gain cell; and an operational 
amplifier. 

The 570/571 is well suited for use in tele­
phone subscriber and trunk carrier systems, 
communications systems and hi-fi audio 
systems. 

FEATURES 
• Complete compressor and expandor In 

1 IC 
• Temperature compensated 
• Greater than 110dB dynamic range 
• Operates down to 6Vdc 
• System levels adjustable with external 

components 
• Distortion may be trimmed out 

CIRCUIT DESCRIPTION 
The 570/571 compandor building blocks, as 
shown in the block diagram, are a full wave 
rectifier, a variable gain cell, an operational 
amplifier and a bias system. The arrange­
ment of these blocks in the IC result in a 
circuit which can perform well with few 
external components, yet can be adapted to 
many diverse applications. 

The full wave rectifier rectifies the input 
current which flows from the rectifier input, 
to an internal summing node which is bi­
ased at VREF. The rectified current is aver­
aged on an external filter capacitor tied to 
the C RECT terminal, and the average value 
of the input current controls the gain of the 
variable gain cell. The gain will thus be 
proportional to the average value of the 
input signal for capacitively coupled voltage 
inputs as shown in the following equation. 
Note that for capacitively coupled inputs 
there is no offset voltage capable of pro­
ducing a gain error. The onlyerrorwill come 
from the bias current of the rectifier (sup­
plied internally) which is less than .1j.i.A. 

G <X IVIN-VREFI ave 
R, 

G <X 
I VIN I ave 
~ 

or 

The speed with which gain changes to fol­
low changes in input signal levels is deter­
mined by the rectifier filter capacitor. A 
small capacitor will yield rapid response but 
will not fully filter low frequency signals. 
Any ripple on the gain control signal will 
modulate the signal passing through the 
variable gain cell. In an expandor or com-
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APPLICATIONS 
•. Telephone trunk compandor-571l 
• Telephone subscriber compandor-571 
• High level limiter 
• Low level expandor-noise gate 
• Dynamic noise reduction systems 
• Voltage controlled amplifier 
• Dynamic filters 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER 

Positive supply 
570 
571 

TA Operating temperature range 
PD Power dissipation 

BLOCK DIAGRAM 

1 of 2 

R2 20K 
aG IN o---....,.~--I 

R1 10K 
REel IN o---'VV'v----I 

pressor application, this would .lead to third 
harmonic distortion, so there is a tradeofl to 
be made between fast attack and decay 
times, and distortion. For step changes in 
amplitude, the change in gain with time is 
shown by this equation. 

G(t) 0 (Ginitial- Gfinal) e-tlT 

+ Gfinal; TO 10K X CRECT 

The variable gain cell is a current in, current 
out device with the ratio lOUT/liN con­
trolled by the rectifier. liN is the current 
which flows from the Ll.G input to an internal 
summing node biased at V REF. The follow­
ing equation applies for capacitively cou­
pled Inputs. The output current, lOUT, is 
fed to the summing node of the op amp. 

9i!1DOliG9 

R3 

570/571-N 

PIN CONFIGURATION 

N PACKAGE 

RATING UNIT 

Vdc 
24 
18 

-40 to +70 °C 
400 mW 

R3 
20K 

output 

V REF 
R4 1.RV 
30K 

A compensation scheme built into the Ll.G 
cell compensates for temperature, and can­
cels out odd harmonic distortion. The only 
distortion which remains is even harmonics, 
and they exist only because of internal 
offset voltages. The THD trim terminal pro­
vides a means for nulling the internal offsets 
for low distortion operation. 

The operational amplifier (which is internal­
ly compensated) has the non-inverting in­
put tied to VREF, and the inverting input 
connected to the Ll.G cell output as well as 
brought out externally. A resistor, Ra, is 
brought out from the summing node and 
allows compressor or expand or gain to be 
determined only by internal components. 
The output stage is capable of ±20mA out­
put current. This allows a +13dBm (3.5V 
rms) output into a 3000 load which, with a 
series resistor and proper transformer, can 
result in +13dBm with a 6000 output imped­
ance. 



OBJEeTIVE N 

A band gap reference provides the refer­
ence voltage for all summing nodes, a regu­
lated supply voltage for the rectifier and Ll.G 
cell, and a bias current for the Ll.G cell. The 
low tem pco of th is type of reference pro­
vides very stable biasing over a wide tem­
perature range. 

TYPICAL PERFORMANCE 
CHARACTERISTICS 

BASIC INPUT-OUTPUT 
TRANSFER CURVE 

~ +20...-------, 

The typical performance characteristics il­
lustration shows the basic input-output 
transfer curve for basic compressor or ex­
pandor circuits. 
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DC ELECTRICAL CHARACTERISTICS TA = 25°e, Vee = 15V' 

NE570 
PARAMETER TEST CONDITIONS Min Typ 

Vee Supply voltage 6 
lee Supply current No signal 3.2 

Output current capability ±20 
Output slew rate ±.5 
Gain cell distortion2 Untrimmed .3 

Trimmed .05 
Resistor tolerance ±5 
Internal reference voltage 1.7 1.8 
Output dc shift3 Untrimmed ±20 
Expandor output noise No signal, 20Hz-20kHz 20 

-15 
Unity gain level -1 0 
Gain change2,' -40oe < T < 70 0 e ±.1 

ooe < T < looe ±.1 
Reference drift' -40oe < T < lOoe +2, -25 

ooe < T < lOoe ±5 
Resistor drift' -40oe < T < lOoe +8,-0 

ooe < T < 700 e +1,-0 
Tracking errors Rectifier input= 

+6dBm ±.2 
-10dBm +.2 
-20dBm +.2 
-30dBm +.2 
-40dBm +.2,-.4 

NOTES 

1. Except where indicated, the 571 specifications are identical to the 570 
2. Measured at OdBm 
3. Expandor ae input change from no signal to OdBm 
4. Relative to value at T A = 25"C 
5. Relative to OdBm 

91!110tiG9 

570/571-N 

NE571 

Max Min Typ Max UNIT 

24 6 18 V 
4.0 mA 

mA 
V/us 

1.0 .5 2.0 % 
.1 

±15 % 
1.9 1.65 1.8 1.95 V 
±50 ±30 ±100 mV 

tJ.V 
dBRNe 

+1 -1.5 0 +1.5 dBm 
±.3 ±.1 ±.5 dB 
±.2 ±.1 ±.4 

-10, -40 +2, -25 +20, -50 mV 
±10 ±5 ±20 

% 

dB 

-.2, +.4 +.2 -.2,+.5 
-.3,+.6 +.2 -.4,+.7 
-.5,+1 +.2 -1,+1.5 

+.2,-.4 
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DESCRIPTION 
CA3089is a monolithic integrated circuit 
that provides all the functions of a compre­
hensive FM-IF system. Figure 6 is a block 
diagram showing the CA3089 features, 
which include a three-stage FM-IF amplifi­
er/limiter configuration with level detectors 
for each stage, a doubly-balanced quadra­
ture FM detector and an audio amplifier that 
features the optional use of a muting 
(squelch) circuit. 

The advanced circuit design of the IF sys­
tem includes desirable features such as de­
layed AGC for the RF tuner, an AFC drive 
circuit, and an output signal to drive a tun­
ing meter and/or provide stereo switching 
logic. In addition, internal power supply 
regulators maintain a nearly constant cur­
rent drain over the voltage supply range of 
+8 to +18 volts. 

The CA3089 is ideal for high-fidelity opera­
tion. Distortion in a CA3089 FM-IF system is 
primarily a function of the phase linearity 
characteristic of the outboard detector coil. 

The CA3089 utilizes a 16-lead dual-in-line 
plastic package and can operate over the 
ambient temperature range of -40·C to 
+85·C. 

FEATURES 
• Exceplionallimiting sensitivity: 10ILVtyp, 

at -3dB point 
• Low distortion: 0.1% typo (with double­

tuned coil) 

BLOCK DIAGRAM 

• Single-coil tuning capability 
• High recovered audio: 400mV typo 
• Provides specific signal for control of 

interchannel muting (squelch) 
• Provides specific signal for direct drive of 

a tuning meter 
• Provides delayed AGC voltage for RF 

amplifier 
• Provides a specific circuit for flexible 

AFC 
• Internal supplylvoltage regulators 

APPLICATIONS 
• High-fidelity FM receivers 
• Automotive FM receivers 
• Communications FM receivers 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

DC supply voltage: 
Between terminals 11 and 4 
Between terminals 11 and 14 

DC Current (out of terminal 15) 
Device dissipation: 

Up to TA = 60·C 
Above TA = 60·C 

Ambient temperature range: 
Operating 
Storage 

Lead temperature (during soldering): 

PIN CONFIGURATION 

IF INPUT 
BYPASSING 

IF INPUT 
BYPASSING 

N PACKAGE 

RATING 

18 
18 
2 

600 
derate linearly 

6.7 

-40 to +85 
-65 to +150 

At distance not less than 1/32" (0.79mm) +265 
from case for 10 seconds max. 

v+ 

TO INTERNAL 
REGULATIONS 

10K 

NOTE 

All resistors values are typical and in ohms. 
·L tunes with 100pF Ie) at 10.7MHz 
00" 75 (G.I. EX22741 or equivalent) 

11 

Il-Jo,/I/'v---+----------o TO STEREO 
TUNING METER OUTPUT 

!ii!lDDtiC!i 

THRESHOLD 
LOGIC CIRCUITS 

12 470 

AF.C 
OUTPUT 

AUDIO 
OUTPUT 

CA3089-N 

NC 

DELAYED AGe 

SUBSTRATE 

TUNE METER 

MUTE lOGIC 

REF. BIAS 

QUADRATURE 
INPUT 

UNIT 

V 
V 

mA 

mW 

mW/·C 

·C 
·C 

·C 

MUTING 
SENSITIVITY 
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CA3089-N 

EQUIVALENT SCHEMATIC 
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EM IF SISIEII C A 31189 
CA3089-N 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, V+ = 12V unless otherwise specified. 

CA3089 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

STATIC (DC) CHARACTERISTICS 
111 Quiescent circuit current No signal input, non-muted 16 23 30 mA 
DC Voltages:4 
V1 Terminal 1 (IF input) No signal input, non-muted 1.2 1.9 2.4 V 

V2 Terminal 2 (ac return to input) No signal input, non-muted 1.2 1.9 2.4 V 
V3 Terminal 3 (de bias to input) No signal input, non-muted 1.2 1.9 2.4 V 

Vs Terminal 6 (audio output) No signal input, non-muted 5.0 5.6 6.0 V 
V7 Terminal 7 (A.F.C') No signal input, non-muted 5.0 5.6 6.0 V 
V10 Terminal 10 (de reference) No signal input, non-muted 5.0 5.6 6.0 V 

DYNAMIC CHARACTERISTICS 
VI(lim) Input limiting voltage (-3dB pOint)3 10 25 }tV 

AMR AM Rejection (terminal 6)4 VIN = 0.1V, Fo = 10.7MHz, 
fmod = 400Hz, AM Mod = 30% 45 55 dB 

Va Recovered audio voltage (terminal 6)3 300 400 500 mV 

Total harmonic distortion:1 
THD Single tuned (terminal 6)3 0.5 1.0 % 
THO Double tuned (terminal 6)4 fmod = 400Hz, VIN = 0.1 0.1 % 

S+NIN Signal plus noise to noise ratio (terminal 6)3 Deviation = ±75kHz 60 67 dB 
MUIN Mute input (terminalS) V5 = 2.5V 70 dB 

MUauT Mute output (terminal 12) VIN = 50p,V .5 V 
VIN = OV 4.0 V 

MTR Meteroutput (terminal 13) VIN = 0.1V 3.5 4.5 V 
VIN = 500p,V 1.0 1.5 V 

VIN= OV .7 V 

AGC Delayed AGC (terminal 15) VIN = 0.1V .5 V 
VIN = 10p,V 4.0 5.0 V 

THO Double tuned (terminal 6)4 fmod = 400Hz 0.1 % 
VIN =0.1 

NOTES 
1. THO characteristics and Audi,o Level are essentialily a function of the phase and Q 

characteristics of the network connected between terminals 8, 9 and 10. 

2. Test circuit Figure 1. 
3. Test circuit Figure 2. 
4. Test circuit Figures 1 and 2. 
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CA3089-N 

TEST CIRCUITS 

TYPICAL FM TUNER (With a single-tuned detector coil.) 

300U 
INPUT 

T~~Rl~ 
(NOTE '8t ........... - .... -..-t 

SYSTEM DESIGN 
CONSIDERATIONS 
The CA3089 is a very high gain device and 
therefore careful consideration must be 
given to the layout of external components 
to minimize feedback. The input by-pass 
capacitors should be located close to the 
input terminals and the values should not be 

v +:: 12V 

NOTES: All resistors values are typical and in ohms. 

1. Waller 4SN3FIC or equivalent 
2. Murate SFG 10.7mA or equivalent 
3. Rs will affect stability depending on circuit layout. 

To Increase stability Rs is decreased. Range of As is 
330 to 50n, A, + Rs S; 330n 

4. L tunes with 100pF (el at 10.7MHz 
00 unloaded" 75 (G.!. EX22741 or equivalent! 

Performance data at fo = 98MHz, hADD = 400Hz, deviation = 
±74kHz: 

large nor shou Id the capacitors be of the 
type which might introduce inductive react­
ance to the circuit. An example of good by­
pass capacitors would be ceramic disc with 
values in the range of .01 to.05 microfarad. 

The input impedance of the CA3089 is ap­
proximately 10,000 ohms. It is not recom­
mended to match this impedance. The value 

-3dS limiting sensitivity 
20dB quieting sensitivity 
30dB quieting sensitivity 

2p. V (anten na leveD 
1,uV. (antenna level) 

1.5,uV (antenna level) 

of the input termination resistor should be 
as low as possible without degrading sys­
tem operation. The lower the value of this 
resistor the greater the system stability. An 
input terminating resistor between 50 and 
100 ohms is recommended. 

TYPICAL PERFORMANCE CHARACTERISTICS 

490 

MUTING ACTION, TUNER AGC 
(Tuning meter output as a 

function of input 
signal voltage.> 

10 100 

INPUT SIGNAL - iJ.V 

9jglObC9 

125 

'DO 

"\ 75 
I 

..... 50 

~ i 25 

ffi ... 
~ -25 

ffi -50 

" § -75 

" -'00 
-125 

AFC CHARACTERISTICS 
(Current at Term. 7 as a 

function of change in 
frequency'> 

DC POWER SUPPLY (V-t)= 12~J~ 
AMBIENT TEMPERATURE (T A) = 2S0C/-
SEE TEST CIRCUIT FIGURE 3 

~. 
"A V 

V 
1/ 

/ 
~ 

V' 

r-

-'00 -50 50 '00 
CHANGE IN FREQUENCY (.6.1) - kHz 



TEST CIRCUITS 

TEST CIRCUIT 
(Using a single-tuned detector coil.) 

SIGNAL 
INPUT 

VOLTAGE 

·NOTE 

L tunes with 100pF Ie) at 10.7MHz. 
All resistors values are typical and In ohms. 
00 lunloaded) '" 75 IG.!. automatic mfg. div. EX22741 or equivalent>. 

Figure 1 

CA3089-N 

TEST CIRCUIT 
(Using a double-tuned detector coil.) 

SIGNAL 
INPUT 

VOLTAGE 

O.01IlF 

O.05>JF .:r:. 

51 

m I I 
I e, I 

V' -::: 12V I--IT" 
I I 

,..,..,,..,..,.:1 [ , I 5K 

820K 

• NOTE: All resistors values are typical and in ohms. 

AFC OUTPUT 

AUDIO 
OUTPUT 

T: Pri. - 00 lunloadedl e 75 Itunes with 100pF lell 20 t of 34e on 7/32" dia. forml 
Sec. - 00 lunloadedl ~ 75 Itunes with 100pF le21 20 t of 34e on 7132" dia. forml 
kQ (percent of critical coupling) > 70% 

IAdjusted for coil voltage Vel ~ 150mV 
Above values permit proper operation of mute (squelch) circuit "E" type slugs, spacing 
4mm 

Figure 2 
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BALANCER uanon' OR .nEMOOO' nOR 

DESCRIPTION APPLICATIONS 
The 5596 is a monolithic Double-Balanced 
Modulator/Demodulator designed for use 
where the output voltage is a product of ari 
input voltage (signal) and a switched func­
tion (carrier). The S5596 will operate over 
the full military temperature range of -55°C 
to +125° C. The N5596 is intended for appli­
cations within the range of O°C to +70°C. 

• Suppressed carrier and amplitude modu-

FEATURES 
• Excellent carrier suppression 

6SdB typ @ O.SMHz 
SOdB typ @ 10MHz 

• Adjustable gain and signal handling 
• Balanced Inputs and outputs 
• High common-mode rejectlon-8SdB typ 

EQUIVALENT SCHEMATIC 

CARRIER (-) 

INPUT (+J 

SIGNAL H 

INPUT(+) 

BIAS 

v- 10 

(Pinout for K pkg. shown) 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Applied voltage l ,2 

Differential input signal (V7-VS) 

Differential input signal (V4-VI) 

Input Signal (V2-VI, V3-V4) 

Bias current (15) 

Power dissipation (pkg. limitation) 
K package 

Derate above 25° C 
A package (TO-116) 

Derate above 25°C 
Operating temperature range 
Storage temperature range 

NOTES 

lation 
• Synchronous detection 
• FM detection 
• Phase detection 
• Sampling 
• Single sideband 
• Frequency doubling 

RATING 

30 
±5.0 

(5 ± 15 Ra) 
5.0 
10 

680 
5.4 
900 
7.2 

-55 to +125 
-65 to +150 

GAIN 
ADJUST 

I. Voltage applied between pins 6-7,8-1,9-7,9-8,7-4,7-1,8-4,6-8.2-5,3-5. 
2. Pin number references pertain to K package pinout only. 

492 SmootiGS 

UNIT 

V 

V 
V 

V 

mA 

mW 
mW/oC 

mW 
mW/oC 

°C 
°C 

II' 1 ... , "5 .nl N5511 
MC1496/MC1596/N5596-K,N 

PIN CONFIGURA nONS 

N PACKAGE 
MC1496/MC1596 

POSITIVE 
SIGNAL INPUT 

NEGATIVE 
SIGNAl,INPUT 

POSITIVE 
OUTPUT 

POSITIVE 
SIGNAL INPUT 

GAIN AQJUST 2 

GAIN ADJUST 4 

NEGATIVE 
SIGNAL INPUT 

N PACKAGE 
5596 

y-

Ne 

NEGATIVE 
OUTPUT 

NEGATIVE 
CARRIER INPUT 

Ne 

POSITIVE 
CARRIER INPUT 

y­

NEGATIVE 
OUTPUT 

Ne 

Ne 

NEGATIVE 
CARRIER INPUT 

POSITIVE 
CARRIER INPUT 

8 POSITIVE 
OUTPUT 

K PACKAGE 
5596, MC1496, MC1596 

(Top View) 

y-

GAIN ADJUST 

GAIN ADJUST 

BIAS 

NEGATIVE CARRIER 
INPUT 

POSITIVE CARRIER 
INPUT 



MC1496/MC1596/N5596-K,N 

DC ELECTRICAL CHARACTERISTICS V+ = +12Vdc, V- = -9.0Vdc, 15 = 1.0mAdc, RL= 3.9kn, Re = 1.0kn, 
TA = 25°C unless otherwise specified. 

MC1596 MC1496/5596 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 
UNIT 

Single-ended input impedance Signal port, f = 5.0MHz 
Rip Parallel input resistance 200 200 kn 
Cip Parallel input capacitance 2.0 2.0 pF 

Single-ended output impedance f = 10MHz 
Rap Parallel output resistance 40 40 kn 
Cop Parallel output capacitance 5.0 5.0 pF 

Input bias current p.A 

IbS IbS = J.!...::I:.Ji.. 
2 12 25 12 30 

IbC IbS = ..!r....±...!!. 
2 

12 25 12 30 p.A 

Input offset current p.A 
1;05 1;05 = 11 - 14 0.7 5.0 0.7 7.0 
lioC lioC = 17 - Is 0.7 5.0 0.7 7.0 p.A 

Average temperature coefficient 
Telio of input offset current TA = -55°C to +125°C 2.0 2.0 nA/oC 

Output offset current 
100 16 - 19 14 50 15 80 p.A 

Tel 00 Average temperature coefficient TA = -55°C to +125°C 90 90 nAfOC 
of output offset current 
Common-mode quiescent 

Va Output voltage (Pin 6 or Pin 9) 8.0 8.0 Vdc 

Power supply current mAdc 
10+ 16 + 19 2.0 3.0 2.0 4.0 
10- 110 3.0 4.0 3.0 5.0 

Po DC power dissipation 33 33 mW 

NOTE 

Pin number references pertain to K package pinout only. 

CARRIER REJECTION AND SUPPRESSION SIGNAL GAIN AND OUTPUT SWING 

10K 10,uF Is INPUT + 12VDC 

loon 600n 

50K 

loon 
10K 

-::- I-O--I-+vo 

OUTPUT lK 

I 500pF 

Ie INPUT 

I-O-...... -vo 

0 
.01 

1.8K 

6.8K 

+8V r" 
-SVDC ":" 

-::-
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MC 1496/MC 1596/N5596-K,N 

AC ELECTRICAL CHARACTERISTICS v+ = +12Vdc, v- = -9.0Vdc, Is = 1.0mAdc, RL = 3.9kO, Re:; 1.0kO, 
TA = +25°C unless otherwise specified. 

MC1596 MC1496/5596 
PARAMETER TEST CONDITIONS 

VeFT Carrier feedthrough Vc = 60mVrms sinewave and 
offset adjusted to zero 

fe = 1.0kHz 
fe = 10MHz 

Vc = 300mVp-p squarewave: 
Offset adjusted to zero fe= 1.0kHz 
Offset not adjusted fe = 1.0kHz 

Ves Carrier suppressions fs = 10kHz, 300mVrms sinewave 
fe '" 500kHz, 60mVrms sinewave 
fe = 10MHz, 60mVrms sinewave 

BW3dB Transadmittance bandwidth Garrier input port, Ve = 60mVrms 
(Magnitude) (RL = 50n> sinewave fs = 1.0kHz, 

300mVrms sinewave 
Signal input port, Vs = 300mVrms 

sinewave IVel = 0.5Vdc 

AVs Signal gain Vs = 100mVrms; f = 1.0kHz 
lVel = 0.5Vdc 

CMV Common-mode input swing Signal port, f. = 1.0kHz 
ACM Common-mode gain Signal port, fs = 1.0kHz 

IVel = 0.5Vdc 

DVOUT Differential output voltage 
swing capability 

NOTE 

Pin number references pertain to K package pinout only. 

494 

CARRIER REJECTION AND SUPPRESSION 

. MODULATING 
SIGNAL 
INPUT 

1K 1K 

-8VDC 

+12VDC 

3.9K 

SmootlGS 

Min Typ Max Min Typ Max 

40 40 
140 140 

0.04 0.2 0.04 0.4 
20 100 20 200 

50 65 40 65 
50 50 

300 300 

80 80 

2.5 3.5 2.5 3.5 

5.0 5.0 
-85 -85 

8.0 8.0 

UNIT 

!'Vrms 

mVrms 

dB 

MHz 

MHz 

VIV 

Vp-p 
dB 

Vp-p 



AM 111010 RECEIVER SUBSYSTEM 

DESCRIPTION 
The NE546 is a monolithic integrated circuit 
that provides an RF amplifier, IF amplifier, 
mixer, oscillator, AGC detector, and voltage 
regulator in a single IC. The primary appli­
cation is super heterodyne AM radio receiv­
er particularly in automobile radios. The 
NE546 is available in a 14 lead dual inline 
package. 

FEATURES 
• Low noise 
• Build in AGC circuit 
• Separately accessable amplifiers 
• Mixer-oscillator stage with internal 

feedback 
• High selectivity 
• High image rejection 

BLOCK DIAGRAM 

I 
I 
I 
I 
L_ 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vee Supply voltage pins 3, 13, 14 
at pin 6 

DC Supply voltage (V+) 
DC Supply current 

Internal power dissipation-
Lead temperature 
Operating temperature range 
Storage temperature range 

"NOTE 

Rating applies for temperatures up to 55° C. 
Derate linearly at 6.67nW/oC above 55°C. 

SmootiCS 

PIN CONFIGURATION 

MIXER 
INPUT 

SUPPLY 

MIXER 
DECOUPLER 

DETECTOR 
INPUT 

IF OUTPUT 

IF INPUT 

N PACKAGE 

ORDER PART NO. 
NE546N 

, ________ ...J 

RATING 

16 

40 
35 
750 
300 

-40 to +85 
-65 to +150 

NE546 

NE546-N 

MIXER 
OUTPUT 

UNIT 

V 

V 
mA 
mW 
°C 
°C 
°C 
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AM RADIO RECEIVER SIJBSYSTEM 

EQUIVALENT SCHEMATIC 

AF 
BYPASS 11 

AGC 
CAPACITOR 10 

AGC 

+Vcc 

MIX 
RF INPUT 

OUTPUT 13 1 

05 

MIX 
OUTPUT D4 LFOUTPUT . 

DRIVE 5 O-..... -i>l-----"'-==~--~----<'---...... ------' .......... 

DC ELECTRICAL CHARACTERISTICS 

PARAMETER TEST CONDITIONS 

DC VOLTAGE 
+Vcc Supply voltage 
VOS(V1-V4) Mixer balance 

V3 Zener voltage: 
at terminal 5 

Vs AGC voltage 

V7 Pin 7 voltage 
V12 Pin 12 voltage 
V13 Pin 13 voltage 

DC CURRENT 
Icc Supply current 
12 Oscillator current 

13 Zener current 
la IF current 

113 RF current 
114 Mixer current 

STATIC 
Va I.F. breakdown and Apply 5 volts to pin 6 only. 

linearity Vee = 0 volts. Measure pin 6. 

Va I.F. breakdown and Apply 25 volts to pin 6 only. 
linearity Vee = 0 volts. Measure pin 6.* 
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NES46 

NE546-N 

NE546 
UNIT 

Min Typ Max 

9.0 15.0 
1.0 mV 

5.5 6.0 7.0 V 

0.1 0.25 0.4 V 

0.55 0.70 0.80 V 
0.6 0.71 0.8 V 

4.0 V 

15 18 22 mA 
1.0 mA 

12 14 16 mA 
3.5 4.3 6 mA 

4.0 5 mA 
0.17 0.38 mA 

400 500 600 p.A 

2.0 2.5 3.0 mA 



AC ELECTRICAL CHARACTERISTICS 

NE546 
PARAMETER TEST CONDITIONS 

Min Typ 

Vsat Saturation Per sensitivity test interrupting 500 
input signal measure output voltage. 

Vsen Sensitivity Input signal to dummy 2.5 
antenna at fiN = 1 MHz, 30% 
AM modulation at fMOD = 400Hz, 
for 11 mV output at Va. 

SIN Signal-to-noise ratio Ratio of output at Va with modulation 34 
ON and then OFF, input signal = 1OOIN, 
30% AM modulation at fMOD = 400Hz. 

Dis!. Overload distortion Input signal set at 1MHz, 90% AM modu-
100 155 

lation, distortion at Va must be 10%. 

NOTE 
Performance characteristics in circuit of Figure 3. 

TYPICAL PERFORMANCE CHARACTERISTICS 

ICC vs Vec 
22 ,0 
20 

18 / 
TA-2S"C 

14 L' 

~4>~ 
? 

/ 
" 
10 

V 
/ 

V 
/ 

V 
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

SUPPLY VOLTAGE \Vee) 

AGC CURVE 

II 

II 

,,,, ,,. ,,s ,,s 

RF SIGNAL INPUT (~V) 

NOTE 
Ax is external resistor between pins 3 and V supply. 

Smnotics 

V 

V 

OVERLOAD RESPONSE 
DISTORTION vs RF INPUT 

TJ2i·~ I I 
FMOD -400 Hz I I 

AM MODULATION" 90% 

1 
I 

V 
l.,...--

,0 ,00 

RF SIGNAL INPUT (mV) 

SIGNAL TO NOISE RATIO 

/" , 30% MOOU LA liON] 

/ 1 I 
~ I 
! Fm -400Hz 

V()~500'mV 

~ T A ~ 25' 

~ 

1\ 
NO MODULATION 

lJll 1 ,,,, ,,. 
RF SIGNAL INPUT VOLTAGE (~V) 

,000 

NE546-N 

UNIT 
Max 

mV 

5 Jl.A 

dB 

250 mV 
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AM RADIO RECEIVER SUBSYSTEM 

TYPICAL APPLICATIONS 

AM RADIO (CapaCitor Tuned) 

~----~-------------------~ 

\ RF IF, 
\ -----1 
\ I 
\ I 
\ I 0.' 

\ I 
\ 
\ 

r 
IF2 
-------1 

498 

\ 
\ 
\ 
\ input 

,2V 

3 
B+ 

2 
13 

1 

3 

'3 

NE546 

RF COIL 

4 

5 

1st. IF COIL 

4 6 

'4 7 

7V 

Rx 330n 

2 I-r-*-----,--' 

I 
I 

. I 
I 
I 
L_ 

VARIABLE CAPACITOR (Air Varicon) 
ANT & RF 13pF - 190pF 
esc 12pF - 80pF 

ANTENNA COIL 

8 

10mm '" < 120mm Ferrite Antenna 

1-2 44 Turns 
2-3 81 Turns 
4-5 BTums 

3 

2 

1 

OSC COIL 

4 

~ 
3 
I 

5 

2nd. IF COIL 

B+ 

1;00PF l ) gOOPF 
B+ _+-'--..... --, 

'4 
2 ~ 9 7 

~ 
1 r 1 10 

5 7 

-

Figure 1 

Si!lDOliCS 

I 
I 

NES46 

NE546-N 

220KfZ 

1-3 95 Turns 
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OBJECTIVE SPECIFICATION 

FEATURES 
• Single crystal (10.24MHz) 
• Generates both receive L.O.'s for dual 

conversion plus transmit frequency 
• Binary Input 
• ROM programmed 
• Up to 64 channel capability 
• High or low side L.O. injection 
• Wide supply range: BV -16V 
• Single line T/R programming 
• Regulated 5 volt output (10mA) 
• Internal transmit squelch 

BLOCK DIAGRAM 

REF OUT ./ I-
~ 

I-i> REF. +2 
. 24MHz OSC . -roo-10 

XTAL 

~ 

vo 

c>--vCC REGULATOR -, 
"'" 
~ 

BINARY "'" 
INPUT 0·64 DECODER 
CHANNELS 

T/R .... 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Power supply 
Max. VCO input frequency 
Reference frequency 
Logic input current 

Jr 
LOCK 
DETECT 

+210 

rL~ PHASEI 
FREQ. 

r- DET. 

FREQUENCY 

MULTIPLIER 

+N 
'""'"-9 BITS ~ 

- CHARGE 
PUMP 

LOCK DETE CTOR 
T OUTPU 

---<>PHASE 
DETECTOR 
OUTPUT 

MULTIPLIER OUTPUT 

I 

MIXER 
VCO 
INPUT 

(40MHz MAX. 

,.. 

FILTER 

MIXER 
INPUT 

[I DECO 
64 CHANNELS 

UPLING 

.... MIXER I--
TRANSMIT 
OUTPUT 

,.. 10.24MHz - INPUT 

RATING UNIT 

16 V 
40 MHz 

10.24 MHz 
1 pA 
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OBJECTIVE SPECIFICATION 

TYPICAL APPLICATION 

500 

XMIT 
OUTPUT 

506000 

r-------1sTMlxEF;l 
I I 
: RF AMP ~---, 
I I L ___________ .I 

TO SQUELCH 
CIRCUIT 

0 10.24 
MHz 

REF 
LOCK OSC VCO 
DET. OUT INPUT 

NE575 

BINARY 
ENCODED SWITCH 

TCA400 r-------;;oMiXiR------i 
I 1ST >~:_c*_ _ _<l 
I IF I 

I 10.24MHz.. I L _________________ .... 

LOOP FILTER 

RXlTX 
SWITCH 

VCC VCO 
RX 

16.270 - 16.710 MHz 

TX 

26.965 - 27.405 MHz 

flES7S 



AM REUEIVER CIRmll1 

DESCRIPTION 
TCA440 is a monolithic IC, especially devel­
oped for AM receivers up to 50MHz. It in­
cludes a RF stage with AGC, a balanced 
mixer, separate oscillator and an IF amplifi­
er with AGC. Because of its low current 
consumption and of its internal stabi lization 
the TCA440 is perfectly suited for battery 
operated portables, car and home radios. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vcc Supply voltage 

FEATURES 
• Balanced circuit 
• Separately controllable prestage 
• Multiplicative push-pull mixer with sep­

arate oscillator 
• High signal handling capability even with 

4.5V supply voltage 
• 100dB feedback control range in 5 stages 
• Direct connection for tuning meter 
• Minimum external components 

RATING UNIT 

15 V 
Tamb Ambient temperature in operation -15 to +80 ·C 
Ts Storage temperature -30 to +125 
Vcc Range of operation 4.5 to 15 

BLOCK DIAGRAM 

.---+_-...... --0 +vcc 

rffl~ " U 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

4.5 TO 15V 

IF UNIT 

lijgnoticli 

·C 
V 

AF 

I 

lOA 110 

PIN CONFIGURATION 

RF INPUT 1 

RF INPUT 2 

AGe RF 3 
STAGE 

MULTIPLIER 
INPUT 
MULTIPLIER 
INPUT 

OSCILLATOR 6 

IF OUTPUT 7 

N PACKAGE 

TCA 440-N 

MIXER OUTPUT 

MIXER OUTPUT 

+ SUPPLY 

IF DECOUPLE 

METER OUTPUT 

GROUND 8 9 AGe IF STAGE 

ORDER PART NO. 
TCA440N 

TUNING METER 
Recommended instruments: 

or 500l'A (R1 = 800knl 
300l'A (R1 = 1.5knl 

The IC offers at pin 10 a tuning meter volt­
age of 600 mVEMP max. with a source im­
pedance of approx. 400ft 

FUNCTION 
As pictured in the circuit diagram the 
TCA440 comprises two control loops inde­
pendent of each other which control the RF 
stage and the IF stages. By AGCing the RF 
stage, excellent signal handling is obtained. 
A voltage of 2.6Vpp on the IC input can be 
handled with very low distortion. The push­
pull mixer operates multiplicatively, thereby 
resulting in few harmonic mixing products 
and whistling points. The oscillator which is 
separated from the mixer is also apted ex­
cellentiy for short waves. From the AGC of 
the RF amplifier a voltage is derived for a 
tuning meter which can be connected di­
rectiy to the meter. The symmetric composi­
tion of the circuit provides high stability 
against oscillation and, at the same time, an 
AGC range of more than 100dB. The bridge 
circuit of the mixer provides good isolation 
of the oscillator. 
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AM RECEIVER OIRCIlIl TCA ,4n 
TCA 440-N 

DC ELECTRICAL CHARACTERISTICS Vee = 9V, TA = 25°C unless otherwise specified. 

TCA 440 
PARAMETER TEST CONDITIONS 

Min Typ Max UNIT 

lee Total current consumption at: Vee = 4.5V 7 mA 
Vee = 9V 10.5 mA 
Vee = 15V 12 mA 

AC ELECTRICAL CHARACTERISTICS Vee = 9V, TA = 25°C, flRF = 600kHz, fmod = 1kHx unless otherwise specified. 

TCA440 
PARAMETER TEST CONDITIONS 

Min Typ Max 
UNIT 

ilGRF RF level deviation for (m = BO%) ilVAF = 6dB 65 dB 
ilVAF = 10dB BO dB 

VAFeff AF output voltage for V,RF m = BO% V,RF = 20/J.V 140 mV 
(symm. measured at 1-2) V,RF = 1mV 260 

V,RF = 500mV 350 
m = 30% V,RF = 20/J.V 50 mV 

V,RF = 1mV 100 
V,RF = 500mV 130 

V,RF Input sensitivity (measured at At signal-to-noise distance 
60n, f'RF = 1 MHz, 
m = 30%/0%, RG = 540n) S + N = 6dB 1 /J.V 

N 
S + N = 26dB 7 /J.V 

N 
S + N =5BdB 1 mV 

N 

RF unit 
flRF Input frequency' range o to 50 MHz 
flF Output frequency f'F = fose = flRF 460 kHz 

ilGv Control range 3B dB 
V,RFpp Input voltage for 600kHz, m = 80%, for 2,6 Vpp 

Overdrive, kAF = 10%, 
Symmetrically measured at pins 1 & 2 

(mean carrier value) 
V,RFeff .5 V 

SIF IF suppression between 1-2 to 15 20 dB 
Z, RF input impedance Asymmetrical coupling at: 

GRFmax 2/5 kn/pF 
GRFmin 2.2/1.5 knlpF 

Symmetrical coupling at: 
GRFmax 4/5 kn/pF 

GRFmin 4.5/1.5 knlpF 

Zgosc Mixer output impedance Pins 15 or 16 250/4.5 knlpF 

IF unit 
flfF Input frequency range o to 2 MHz 

ilGv Control range at 460kHz 62 dB 
V, Feff Input voltage Mean carrier value at Gmin for 200 mV 

Overdrive (kAF = 10%), measured 
at Pin 12 (60n to ground, 

flF = 460kHz, IT.l = BO%, fmod = 1 kHz) 

VAFeff AF output voltage VIfF at 60n (Pin 12) fmod = 1 kHz 
VIF = 30/J.V, m = BO% 50 mV 
V,F = 3m V, m = BO% 200 mV 
V,F = 3mV, m = 30% 7Ci , mV 

Z, IF input impedance Asymmetrical coupling 3/3 kn/pF 

Zg IF output impedance Pin 7 200/B kn/pF 
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TeA 440-N 

TYPICAL APPLICATIONS 

APPLICATION EXAMPLE FOR MW 

r---------------.-----~r_--~r-----------~r_--------------~ 'Vee 

AA118 

~"l' 
I 
I 
I 
I 
I 
I 

V iRF 0--+----------------.... 

8,2K 

4,5·15V 

2,2K 

AA118 

Ll-L2 wilh Vagi coil sel 021-2375.1 
L3-L 1 wllh Vagi coli sel 041-2519 
L 1 105 lurns 12 x 0.04 CuLS 
L2 7turns 0.10 CuL 
L3 80 lurns 12 x 0.04 CuLS 
L4 35 lurns 12 x 0.04 CuLS 
L5 151urns 0.10 CuL 
L6 70 lurns 12 x 0.04 CuLS 
L7 35 lurns 12 x 0.04 CuLS 
L8 20 lurns 12 x 0.04 CuLS 
L9 50 lurns 12 x 0.04 CuLS 
Ll0 22 lurns 12 x 0.04 CuLS 
L 11 400 lurns 0.08 CuL 

.>-<:>-----..... -----[)I-----..... -----------------{) V AF 

'SK 

'.'nF I 12K 

APPLICATION EXAMPLE FOR MW 

.------<.----.---..... --.... -------------<:: +4,Sbla15V 

504 

330pF 

"e:F~ 
'20~ 

I 

I 
I 
I 

6C=1 
370pF 

V;RF 0--------. 

T'00nF 
2,2K 

~----..... 

S(gnOliCG 

.SK 12K 

".nl 

Prestage control Is derived 
from IF control 

L1 105 lurns 12 x 0.04 CuLS 
L2 7turns 0.10 CuL 
L3 80 lurns 12 x 0.04 CuLS 
L4 35 lurns 12 x 0.04 CuLS 
L5 151urns 0.10 CuL 
La 20 lums 12 x 0.04 CuLS 
L9 50 lurns 12 x 0.04 CuLS 
L 10 22 lurns 12 x 0.04 CuLS 
Lll 400 lurns 0.04 CuL 
Ll-L2 wilh Vagi coil sel 021-23751 
L3-Lll wilh Vagi coil sel 041-2519 



AM RECEiVER CIRtlil1 44tJ 
TCA 440-N 

TYPICAL APPLICATIONS (Cont'd) 

SM 

f 

APPLICATION EXAMPLE FOR AM USING VARICAP DIODES BB 113 

L1 105 turns 12 x 0.04 CuLS 
L2 7 turns 0.10 CuL 
L3 80 turns 12 x 0.04 CuLS 
L4 35 turns 12 x 0.04 CuLS 

r--------1~ ..... --1.--..... ---0 +VCC (4.5 -15V) 

CONVERSION CONDUCTANCE 
VI OSCILLATOR VOLTAGE 

mS 

35 

30 

25 V 
'15 = '16 

20 SV=- -
Y1~2 V'.2 

Vi = CONST. = 1mV AT PIN 1 
'5 F;~ ~ ~ ~~Z;M~; j% 
'0 FIF = 455 kHz I Vee= +9Y 

0 
Va= Omv 

10mVRMS 100mVeff 1VRMS 

Vose AT 5 (4 WITH CAPACITANCE TO GROUND) 

mV 

600 

.. 
~ 500 

> +v 

~ f3
400 

S 300 .. 
i 

'DO 

'2K 

L5 15 turns 0.10 CuL 
L8 20 turns 12 x 0.04 CuLS 
L9 50 turns 12 x 0.04 CuLS 
Ll0 22 turns 12 x 0.04 CuLS 
L11 400 turns 0.06 CuL 

Ll-L2 with Vagt coil set 021-23751 
L3-L11 with Vagt coil set 041-2519 

VD = 8.5V-f; = 800kHz 
VD = 3OV-f; = 1620kHz 

RF STAGE CONTROL 

VI = 800 KHz unmod. 
V 1 5 = 460 KHz unmod. 

t----11-...-....... ---1r---o +9V 
100nF 

>-+---<::> v,s 

0~0----'~0~---~2O=-----~~---~4O~--~dB 

- ATTENUATION AG y 

The input is not power matched and can be driven with a higher resistance, Vi is chosen so 
that a constant V'5 is obtained (50mVppl. 
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TYPICAL APPLICATIONS (Cont'd) 

IF CONTROL 

------AGV ATTENUATION 

VIF (469kHz; m = 80%; fmod = 1 kHz) is chosen so that always a constant VAF is obtained 

1200mVRMsl 

TYPICAL PERFORMANCE CHARACTERISTICS 

AF OUTPUT VOLTAGE AND NOISE 
FIGURE vs RF INPUT VOLTAGE 

(switching position 1) 

506 

mV RMS 

103 

2 ,.. 
1\ , 10 

10 0 

10 - 1 

OSdB 
Ra = ~on 

r\ 
\ 
f\. 

-10 3 10 -2 10- 1 100 101 102mVRMS 

-V1RF AT60U 

SIGNAL TO NOISE DISTANCE vs 
RF INPUT VOLTAGE 
(switching pOSition 2) 

dB 
BO 

ZI 10 + Z .. 

--~ V 
80 

50 

40 J 

30 
/ 

I RG= 54an 

V 
20 

10 

~O-310-210-1100 101 102103mv 
______ V1RF AT SOH 

!ijgnDtiD!i 

SIGNAL TO NOISE DISTANCE vs 
RF INPUT VOLTAGE 

(parameter is generator Impedance) 
(switching position 1) 

dB 

I :: BO 

50 

40 

30 

20 

10 

o 

~ 
4,BKn~ '" ./ 240n W/; 
~ ry-8On 

~/ -RG -15n 

'l 
10-3 10 2 10 1 10 0 10 1 10 2mvRMS 

"-----.. VIRFAT~on 



±AM REEElVER CIROOII rOA 440 

TCA 440-N 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

TEST FIGURES FOR APPLICATION 

EXAMPLE FOR MW HARMONIC 
DISTORTION AND AF OUTPUT 

VOLTAGE VB RF INPUT VOLTAGE 
MEASURED SYMMETRICALLY AT 

PINS 1 AND 2 'i : 1MHz, 'mod: 1kHz, 
'IF: 455kHz, V cc: 9V 

mVeff 

:' 400 1---+--I--+----+-+-h-41 

i: r: 1---t--b",l-q:...-':.f::.:..:"'::;~=4,I:+-~ 
°'0- 3 10- 2 10- 1 100 10 1 102 103 104mV 

_ViI3F 

TEST CIRCUITS 

TEST FIGURES FOR APPLICATION EXAMPLE FOR AM USING BB 113 
'i: 1MHz, 'mod: 1kHz, 'IF: 455 kHz, 

Vcc: 9V, V,RF measured symmetrically at pins 1 and 2 

mYef' 

'5 30 0 

0 -I'-.. 
VAF /(m::: 80%) 

0 

l-- K (I': 3O%l-:v 
0 -- K (m:( 80%) I-
0 VAF '0 

\ ~30%) 1. 
0 --;;oro;;.: V 
0 

10 2 1Q 1 100 '02 

Example for moving coil instruments 

Ai for full-scale deflection 

1.5kO 100~A 

1.5kO 170~A 

2kO 200~A 

3500 500~A 

TEST CIRCUIT FOR NOISE FIGURE 

TUNING METER VOLTAGE 
vs IF CONTROL VOLTAGE 

(parameter is impedance 0' tuning 
meter) 

mV 

600 

V10 500 I 400 

300 

200 

'0 0 

I..; o 
o 

.,1 "jKII t7 
.,1= ,L, I""'-~ '/ 

~ t. Rj =50on 

)~ V ~ 
lJ ~ v: V 

r- R\::: 250n 

~ ~ 
200 400 600 800 r -v. 

r-----~-~~-._----.--o+.V L l-L2 M25 pot core 

AA118 

330pF 

6-' 40i¥ 
, , , , 
I , 
I 

ViRF 0-+-------' 
Zj::: SOll __ ---------~ 

B,2K 

ssgnotics 

L3-L11 with Vogt coil set 041-2519 

L1 2+6 
L2 n 
L3 90 
L4 35 
L5 15 
L6 70 
L7 35 
L8 60 
Ll0 22 
L11 68 

switch 
ABC 

turns 6xI2xO.04CuLS 
0.15 CuL 

turns 12 x 0.04 CuLS 
turns 12 x 0.04 CuLS 
turns 0.10 CuL 
turns 12 x 0.04 CuLS 
turns 12 x 0.04 CuLS 
turns ·12.x 0.04 CuLS 
turns 12 x 0.04 CuLS 
turns 0.06 CuL 

off separate RF stage control off 
on 

on 
off on RF stage control voltage derived 

from IF control voltage 

Ii = lMHz; m = 30% 

n(turns) ROenerator(fi) 

1 15 
2 60 
4 240 
6 540 
9 1,2K 
12 2,2K 
18 4,8K 
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DESCRIPTION 
The !LA758 is a monolithic phase-locked 
loop FM stereo multiplex decoder. The de­
vice decodes an FM stereo multiplex signal 
into right and left audio channels while 
inherently suppressing SCA information 
when it is contained in the composite input 
signal. The device includes automatic 
mono-stereo mode switching and .drive for 
an external lamp to indicate stereo mode 
operation. 

The IJA758 operates over a large voltage 
range and requires a minimum number of 
external components. A simple setting of an 
external potentiometer adjusts the oscilla­
tor frequency. No coils are required. 

BLOCK DIAGRAM 

FEATURES 
• 45dB channel separation 
• Automatic stereo/mono switching 
• 70dB SCA relection 
• 10V to 16V supply range 
• High impedance input-:-Iow Impedance 

output 

SWITCH fiLTER v' OSCILLATOR RC NETWORK 

PIN CONFIGURATION 

Multiplex I nput I 

Amplifier Output 2 

Left Channel 
De-Emphasis 

Left Channel 
Output 

Right Channel 
Output 

Right Channel 

De-Emphasis 

Stereo Indicator 
Lamp 

N PACKAGE 

ORDER PART NO. 
~A758N 

I 
I 
I 
I 
I 
I 

~758-N 

12 Detector Input 

1119kHz Test Signal 

10 Switch Filter 

9 Switch Filter 

I" L-____________________ ~L---~------------------------------~----_+~~~:[EH 

AMPLIFIER 
OUTPUT ,I 

II 
~r~-LI---------~ 

L. - - -[' - - - - - - - - - - - :":A:L-
De·EMPHASIS 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Supply voltage +18 
Supply voltage (:5 15 seconds) +22 
Voltage at lamp driver terminal 

(Lamp OFF) +22 
Internal power diSSipation 730 
Operating temperature range -40 to +85 
Storage temperature range -55 to +125 
Lead temperature (SOsec) 300 

508 Si!lnOliGS 

I--;.!-. ~~~1NEL 
OUTPUT 

I 
f----t.!'c... ~~'!~~EL 

I 
OUTPUT 

____________ .J 

UNIT 

V 
V 

V 
mW 
DC 
DC 
DC 

6 

RIGHT CHANNEL 
DE·EMPHASIS 
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EQUIVALENT SCHEMATIC 
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iJA758-N 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, V+ = +12V, 19kHz pilot level = 30mVRMs, multiplex signal 
(L = R,'pilot OFF) = 300mVRMs, modulation frequency = 400Hz or 1Hz, 
test circuit 1, unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Icc Supply current Lamp OFF 
IL Maximum available lamp current 

V7 Voltage at lamp driver terminal Lamp = 50mA 

r; I nput resistance 
ro Output resistance 

AC ELECTRICAL CHARACTERISTICS 

PARAMETER TEST CONDITIONS 

D,(V4&V5) DC voltage shift at either output Stereo to mono operation 
terminal 

PS.R.R. Power supply ripple rejection 200Hz, 200mVRMs 
SEP Channel separation 100Hz 

400Hz 
10kHz 

BAL. Channel balance 

Av Voltage gain 1kHz 

Pilot input level Lamp turn-on 
Lamp turn-off 

Pilot input level hysteresis Lam p turn-off to tu rn-on 

Capture range 
THO. Total harmonic distortion Multiplex level = 600mVRMs pilot OFF 

19kHz rejection 
38kHz rejection 
SCA rejection1 

VCO Tuning resistance2 

VCO Frequency drift O°C:s; TA:S; 25°C 
25°C:S; TA:S; 70°C 

NOTES 

1. Measured with a stereo composite signal consistency of 80% stereo, 10% pilot and 10% 
SeA as defined in the FCC Rules on Broadcasting. 

2. Total resistance from pin 15 to ground, in test circuit, required to set reference 
frequency at pin 11 to 19kHz ± 10hz. 

TYPICAL PERFORMANCE CHARACTERISTICS 

CHANNEL SEPARATION vs 
AUDIO FREQUENCY 

HARMONIC DISTORTION vs 
INPUT LEVEL 

IIII ~-:~b'c -
L'R 
PILOT OFF v 

/ 

V 

./ 
...... V 

...... V 
" 

510 9i!1DOliC9 

MA7S8 
UNIT 

Min Typ Max 

26 35 mA 
75 150 mA 

1.3 1.8 V 

20 35 kO 
0.9 1.3 2.0 kO 

MA7S8 
UNIT 

Min Typ Max 

30 150 mV 

35 dB 
40 dB 

30 45 dB 
45 dB 
0.3 1.5 dB 

0.5 0.9 1.4 V/V 

15 22 mVRMS 
2.0 7.0 mVRMS 

3.0 7.0 dB 

2.0 4.0 6.0 % 
0.4 1.0 % 

25 35 dB 
25 45 dB 

70 dB 

21.0 23.3 25.5 kO 

+0.1 ±2 % 
-0.4 ±2 % 

OSCILLATOR FREE RUNNING 
FREQUENCY ERROR vs AMBIENT 

TEMPERATURE 

_J~ 

..... -......., . . 
, 

" 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

LAMP TURN ON & TURN OFF 
SENSITIVITY vs AMBIENT 

TEMPERATURE 

CAPTURE RANGES vs PILOT LEVEL 

r-- ,.1,," f--J," ,/ 
_f--- T"' •• 40"1: ......... ~ ......... r---lAMPON 

V ~ 
/' F?'-

--...!;;~FF 
~ ~ .... 
'~ 

TEST CIRCUIT AND TYPICAL APPLICATION 

NOTE 

v+ '" +12V 

0.1 

I"F 
COMPOSITE 

Co 
.0025 /J.F 

r 
MULTIPLEX --I--II---+--I 

UNIT 

LED 
STEREO 

INDICATOR 
LAMP 

LEFT 
OUTPUT 

{TOP VIEW) 

Tolerance on resistors is ±5% and tolerance on capacitors is ±20% unless otherwise 
specified. C, tolerance::::: +100%; -20%, C6 tolerance = ±1% in test circuit and ±5% in 
typical applications, R3tolerance=±1%, R4 tolerance=±10%, Rl and R2tolerances=±1% 
in test circuit and ±5% in typical application. 

// -- +55"C 

...... TA-+85'C .... 
"-~ -4O'·C ........ 

"-

smAoties 

~~ 
1----

.... 
t~ 

pA758-N 

CHANNEL SEPARATION vs 
OSCILLATOR FREE RUNNING 

FREQUENCY ERROR 

T",.25"C INPUTSIGNAL=3OmV, .... 
10 ~V'l~ +---1-+-MULTIPLEXSIGNAL 

R3 
21 kn 

Cs 
390 pF I{N220) 

f~ 1 KH. (L~ 1 R=O, !'ILOTOFF). 

RO 
5 kn 
OSCILLATOR 

ADJ 
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DESCRIPTION 
Dual doubly balanced chroma demodulator 
with RGB matrix, PAL switch, and chroma 
driver stages. A monolithic device designed 
for use in solid-state color television re­
ceivers. 

EQUIVALENT SCHEMATIC 

B·Y De 

FEATURES 
• Good chroma sensitivity-O.28Vp-p in­

put typical lor 5.0Vp-p output 
• Low differential output dc offset 

vOltage-O.6V maximum 
• Differential dc temperature stabillty­

O.7mVrC 
• High blue output voltage sWing-10Vp-p 

typical 
• Blanking input provided 
• Luminance bandwidth greater than 

5.0MHz 

INJECTION INJECTION B-Y OUTPUT G-Y OUTPUT R-V OUTPUT 
13 

1.0K 
LUMINANCE 01 

INPUT 

3.0K 

1.0K BLANKING 6 
INPUT o--'\I'o/'v---£ 011 

1.0K 100 

10 11 

B-Y CHROMA CHROMA R-Y CHROMA PAL SWITCH SIGNAL 
De 

REFERENCE 

!i!!lDl!tm!i 

PIN CONFIGURATION 

10K 

LUMINANCE 
INPUT 

BLANKING 
INPUT 

R·Y 
INJECTION 

12 

20K 

20K 

1.SK 

N PACKAGE 

ORDER PART NO. 
MC1327N 

20K 

10K 

9.5K 

3.0K 2.0K 

MC1327-N 

Vee 
B-Y CARRIER 
INPUT 

R-Y CARRIER 
INPUT 

PAL SWITCH 
INPUT 

BIAS VOLTAGE 

R-Y CHROMA 
INPUT 

B-V CHROMA 
INPUT 

,. 
Vee 

( + 24Vdc) 

3.6K 

4.3K 
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ABSOLUTE MAXIMUM RATINGS TA = +25°C unless otherwise specified. 

PARAMETER RATING UNIT 

Power supply voltage 30 Vdc 
Chroma signal input voltage 5.0 Vpk 
Reference signal input voltage 5.0 Vpk 
Minimum load resistance 3.0 kohms 
Luminance input voltage 12 Vp-p 
Blanking input voltage 7.0 Vp_p 
Power dissipation (package limitation) 

Plastic packages 625 mW 
Derate above T A = +25° C 5.0 mW/oC 

Operating temperature range (ambient) -20 to +75 °C 
Storage temperature range -65 to +150 °C 

DC ELECTRICAL CHARACTERISTICS TA = +25°C, Vee = 24Vdc, RL = 3.3k unless otherwise specified.1•2 

MC1327 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 
Quiescent output voltage2 13.2 14.5 15.8 Vdc 
Quiescent input current from supply2 

; RL = 00 7.5 mA 
RL = 3.3kO 16 19 26 mA 

Reference inputdc voltage2 6.2 Vdc 
Chroma reference input dc voltage 3.4 Vdc 

Differential output voltage1•2 0.3 0.6 Vdc 
Temperatu re coefficient (+25° C to +65° C) 0.7 mV/oC 

Output voltage1,2 Temperature coefficient (+25°C to +65° C) +0.5 ±5.0 mV/oC 

NOTES 

1. Chroma Input signal voltage = 0 and normal reference Input signal voltage = 1.0Vp-p 
2. Reference Figure 2 
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MC1327-N 

AC ELECTRICAL CHARACTERISTICS TA = +25°C, Vee = 24Vdc, RL = 3.3K, reference input voltage = 1.0Vp-p, 
unless otherwise specified. 1 ,2,3.4 

PARAMETER TEST CONDITIONS 

Blue output voltage sWing' ,4 

Chroma input voltage2,4 B output = 5.0Vp-p 

Luminance input resistance 

Luminance gain from pin 3 to outputs @dc 
@ 5.0MHz, reference at 100kHz 

Differential luminance gain, RGB outputs @5.0MHz 

Blanking input resistance 1.0Vdc 
OVdc 

Detected output voltage (Adjust B output G output 
to 5.0Vp-p, luminance voltage = 23V)4 

R output 
PAL switch operating voltage range 7.8kHz square wave 

R-V output dc offset with PAL switch operation 

Demodulator unbalance voltage No chroma input voltage and normal 
reference signal input voltage 

Residual carrier and harmonic output voltage With input signal voltage, normal 
reference signal voltage and 
B output = 5.0Vp-p 

Reference input resistance Chroma input = 0 
Reference input capacitance Chroma input = 0 

Chroma input resistance 
Chroma input capacitance 

NOTE 
1. With normal reference input signal voltage, adjust chroma input signal voltage to 

1.2Vp-p. 
2. With normal reference input signal voltage, adjust chroma input signal voltage until 

the blue output voltage = 5.0Vp-p. 
3. With normal reference input signal voltage, adjust chroma input signal voltage until 

the blue' output voltage = 5.0Vp-p. At this point, the red and green voltages will fall 
within the specified limits. 

4. Reference Figure 3. 

StgDDliCS 

MC1327 

Min Typ Max 

8.0 10 
280 550 

100 

0.95 
-1.8 
0.3 

1.1 
75 

1.4 1.8 2.2 

2.5 2.9 3.3 
0.3 3.0 

100 

200 300 

0.6 1.0 

2.0 
6.0 

2.0 
2.0 

UNIT 

Vp-p 
mVp-p 

kO 

dB 
dB 
dB 

kO 
kO 

Vp-p 

Vp-p 
Vp-p 

mVdc 

mVp-p 

Vp-p 

KO 
pF 

kO 
pF 
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CHROMA DEMnmlLAIOR 

TYPICAL APPLICATIONS 

PAL 
SWITCH 

LUMINANCE SIGNAL Y 
INPUT 

::~l 
O.047!lF 

NC 

11 

? R-Y ? 
~ 12 

O. 1i1FI 

MC1327 

10 

2x470/.1H 

4.7K 

""1 '''"'1 
0.01 

"I 
R-Y B-Y 

CHROMA SIGNAL 

518 

+24V 

14 

47 

12K 

47 

12K 

-=-

-::-
47 

Figure 1 

s~nl!tiCs 

MPSU10 
OR EQUIV 

MPS6544 
OR EQUIV 

1.2K 

MPSU10 
OR EQUIV 

MPS6544 
OR EQUIV 

1.2K 

Mcn27 

MC1327-N 

+230V 

6.SK, lOW, 5% 

220pF 

SSK, lOW, 5% 

220pF 

S.SK, lOW, 5% 

220pF 



TEST CIRCUITS 

DC OUTPUT VOLTAGE TEST 
CIRCUIT WITH NORMAL REFERENCE 

INPUT VOLTAGE (B, R, AND G) 

O.1J.1F RL RL RL 
-4:-

2.2K 

n· 5 • 3 2 1 ± 
0.1 
~F 

MC1327 5.1K 

L9 10 611 12 13 ,. YC C 

O.1,uF :; O.1.uF 

..........-- L--o a-v REFERENCE INPUT 

"::" R-V REFERENCE INPUT 

(Vee = 24Vdc, RL = 3.3 kilohms, TA = +25°C unless otherwise specified.) 

BLUE OUTPUT 

f..~~~MA~F 

fD 

O.1.uF 

Figure 2 

DYNAMIC TEST CIRCUIT 

REO OUTPUT GREEN OUTPUT 

O.1.uF lflfOV 
!-~_+=~:t=~-II-i~INANCE INPUT 

10K Iso 
S.1K 

2.2K 

~F 

.::r:D.D1~F D·'T TD.'~ 
4.7K a B-V REFERENCE INPUT 

"--------------<0 R-V REFERENCE INPUT 

'----+-------;1-( ------0 PAL SWITCH SIGNAL 
O.047,uF 

Figure 3 

!ii!)OOtiC!i 

MC1327-N 
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DESCRIPTION 
An eight stage amplifier with balanced de­
modulator for amplifying, limiting and the 
demodulation of FM signals, specially de­
signed for the sound-IF in TV and RF-IF 
amplifier in radios. An electronic Volume 
Control for the audio outputsignal is also 
provided. 

Groups: 
TBA 120 S is delivered in groups: 
An attenuation of -SOdB of the audio out­
putsignal requires a resistor from pin 5 to 
ground as indicated in the table. 

For example, devices marked TBA120S-3 
indicate group 3. 

EQUIVALENT SCHEMATIC 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
Operating temperature range 
Storage temperature 
Power dissipation 

max 1 minute 
Supply cu rrent 

max 1 minute 
Current 13 

14 
Operating supply voltage 
Frequency range 

520 

TBAl120S-N 

PIN CONFIGURATION 

RATING 

18 
-15 to +70 
-40 to +125 

400 
500 
15 
20 
1 
1 

6 to 18 
o to 12 

9!!110tiC9 

GROUND 
IF 1 

DECOUPLING 2 

COLLECTOR 
(REGULATOR) 3 

BASE 
(REGULATOR) 

VOLUME 
CONTROL 

IF AMPLIFIER 6 
OUTPUT 

LC 7 
RESONATOR 

N PACKAGE 

IF INPUT (H) 

IF INPUT (L) 

ZENER OUTPUT 
REGULATOR 

IF AMPLIFIER 
OUTPUT 

9 LC RESONATOR 

8 AUOIO OUTPUT 

ORDER PART NO. 
TBAI20SN (D)P). TBAI20ASN (QUAD-iN-LINE) 

UNIT 

V 
·C 
·C 
mW 
mW 
mA 
mA 
mA 
mA 
V 

MHz 



TBAl120S-N 

DC ELECTRICAL CHARACTERISTICS (Vee = 12V; Tamb = 25°C) 

TBA120S 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

lee Total current requirement Rs = .. 10 14 18 mA 
Rs = 0 12 16 20 mA 

Va dc-portion of the output signal V1 =0 7.3 V 
Vs Voltage -1dB down 2.4 2.6 V 

-70dB down 1.3 V 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = 12V unless otherwise specified. 

TBA120S 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Gv IF-voltage gain Vs/V14 f = 5.5MHz 68 dB 

Vopp I F-output voltage at 
limiting; each output 250 mV 

VAFrms AF-output voltage f = 5.5MHz; ~f = ±50kHz; 1.1 V 
VI = 10mV; fmod = 1kHz; 

Q = 45; k = 4% 
f = 5.5MHz; ~f = ±50kHz; 0.55 V 
VI = 10mV; fmod = 1kHz; 

Q = 20; k = 1% 

Vlim Input voltage starting limiting f = 5.5MHz; f = 50kHz; 30 60 p.V 
fmod = 1 kHz; Q = 45; 

ZI Input impedance f = 5.5MHz 15/6 40/4.5 kOlpf 
Ro Output resistance Pin 8 2.6 kG 

VAFmax Range of volume control 70 dB 
VAFmin 
aAM AM-suppression f = 5.5MHz; f = +50Hz; 45 55 dB 

VI = 500p.V; fmod = 1 kHz; 
m=30% 

Rs Potentiometer resistance -1dB down 3.7 4.7 kG 
-70dB down 1.0 1.4 kG 

CHARACTERISTICS OF THE AUXILIARY 
CIRCUIT 
V12 Z-voltage 112 = 5mA 11.2 12 13.2 V 
Rz Z-resistance 30 G 

VCEO T43 Breakdown voltage 14 = 0; 13 = 500p.A 13 
hFE Current gain 13 = 1mA 30 120 V 
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TYPICAL PERFORMANCE CHARACTERISTICS 

TYPICAL CURVE FROM PRODUCT 
SELECTION NR3. 

KIlI' __ IlliF~ Vee - 12 VOL TS 
2nd HARMONIC - lKH~ 

UIN - !>OOmV 
,6,1 - ±SOKH2 
I mod 
f 

~ 500Hz 
- 55MHl 

ilitit:~':~;~I~:~IiIiIiIi!!IIII;!1II ;~~ ,1 ,: 

oj: Ini till 

-'0 

-20 

-30 

-40 

-50 

-10 

-80 

-90 

-100 , 

522 

60 -40 20 -10 ULF 

VOLUME. CONTROL 
SIGNETICS TBA120S 

Vee ... 12VOLTS 
U1N = 10mV 
UOUT '" rOOmY 
~f ·m ±.50KHz 
fmod - 500Hl 
f = 5.5MHz 

(db) 

Kfi 
R5 

db 

60 

50 

40 

30 

20 

10 

TBA/120S-N 

TYPICAL CURVE FROM PRODUCE-REFLECTION NR3. 

g 

'04 "v INPUT VIN 

9i!1DOliC9 



B StAGE A"PLlFIER WITH BAI ANCED DEMODULATOR 

TEST CIRCUIT 

12V 

O.lpF 

v,-1l--<o-----4", 

Vee 
~f 

f mod 

2.2pF 

/----ONF 

1,5nF 

f " 5.5MHl VOLUME CONTROL 

9~nDtics 

I BAI2"'< 

TBA/120S-N 
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FEATURES 
TBA120T 
• Input and demondulator are designed for 

use with ceramic resonators 
• Additional output before volume control 

(constant audio signal) for the connec­
tion of headphones and video recorders 

• Additional audio Input for connection of 
video recorders (playback) 

• Constant audio output voltage between 
10 to 18V supply voltage of the same level 
as TBA 1208 operating at 15V supply volt­
age 

• Insensitive against hum from the supply 
voltage therefore very little need for 

524 

smoothing capacitors 
• As there Is very little residual IF voltage 

on the audio output, there is no interfer­
ence of the video-IF due to harmonics of 
the sound-IF 

• No selection for volume control charac­
teristics Is necessary 

TBA120U 
• This circuit Incorporates all the advan­

tages of TBA 120T but Input and demodu­
lator are designed for use In connection 
with standard LC-circuits 

BLOCK DIAGRAM 

TBA/120T/120U-N 

PIN CONFIGURATION 

GROUND 1 

DE-COUPLING 2 

AUDIO INP. 3 

V-REFERENCE 4 

D.C. CONTROL 5 

QUAD COIL 7 

N PACKAGE 

Order part no. 

IF INPUT HIGH 

IF INPUT LOW 

AUDIO OUT 
UN-CONTROLLED 

.FOUT 

9 QUAD COIL 

AUDIO OUT 
CONTROLLED 

TBA 120N/TBA 120UITBA 120UN 

r-------------------4-----------~~~----~12 

10 

NOTES 

1. Only TBA 120T 
2. Only TBA120U 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vee Supply voltage 
TA Ambient temperature in operation 
Ts Storage temperature 
PTOT Total power diSSipation 
Vs Voltage 
14 Current 
R,3-,4 Ohmic resistance (TBA120U) 
RTHSA Thermal resistance (system-air) 
Vee Range of operation 
f Frequency range 

·SI!IDOliCS 

RATING 

18 
-15 to +70 
-40 to +125 

400 
6 
5 
~1 

~120 

10 to 18 
o to 12 

VAF 

UNREGULA TEe 
BEFORE VIC 

........ II'Irf--oa 
VAF 

REGULATED 
AFTER VIC 

UNIT 

V 
·C 
·C 

mW 
V 

rnA 
kn 

K/W 
V 

MHz 



TBA120T/TBAI20U 
TBA/120T/120U-N 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = 12V unless otherwise specilied. 

TBA120T/120U 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Icc Total current consumption 9.5 13.5 17.5 mA 

Va DC level 01 output signal Vi =0 4 V 
V12 Vi =0 4.9 V 
V4 Stabilized voltage 4.2 4.8 5.3 V 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = 12V unless otherwise specilied.' 

TBA120/120U 
PARAMETER TEST CONDITIONS 

Min Typ Max 
UNIT 

Gv IF voltage gain V6IV14 (IfF = 5.5MHz) 68 dB 
Vqpp Output voltage with 250 mV 

limiting at each output 

Rqa Output impedance Pin 8 1.1 kn 
Rq12 Pin 12 1.1 kn 
R13 Input impedance 2 kn 

R14 Internal impedance 12 n 

Va Residual IF voltage 20 mV 
without deemphasis 

V12 30 mV 

Ve/V3 AF gain AF not regulated 7.5 

VAF/a Regulation at certain R4-S = 5kn, RS-1 = 13kn 20 28 36 dB 
ratio 01 divider 

VAFMAX Range 01 volume control Relerred to pin 8 
VAFMfN 

70 85 dB 

R4-S' Resistance 1 10 kn 
Vilim Input voltage lor limitation IfF = 5.5MHz, I = ±50kHz, 30 60 p.V 

IMOD = 1kHz 

Ve/V11 Hum suppression . 35 dB 

V12IV11 30 dB 

"NOTE 

If de volume control is not used, pin 4 has to be connected directly to pin 5. 

AC ELECTRICAL CHARACTERISTICS TBA120T TA = 25°C, Vee = 12V unless otherwise specilied. 

TBA120T ONLY 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

ZfN Input impedance IfF = 5.5MHz 800/5 n/pF 

aAM AM suppression IfF = 5.5MHz, I = ±50kHz, 50 60 dB 
Vf = 500p.V, IMOD = 1kHz 

m=30% 

Va AF output voltage IfF = 5.5MHz, I = +50kHz, 650 900 mV 
IMOD = 1kHz 

V12 400 650 mV 

"NOTE 

If de volume control is not used, pin 4 has to be connected directly to pin 5. 
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FM IF AMPLIFIER AND DEMODULATOR TDA120T/TDA120U 

TBA/120T 1120U-N 

AC ELECTRICAL CHARACTERISTICS TBA120V TA = 25°C, Vee = 12V unless otherwise specified. 

PARAMETER TEST CONDITIONS 

ZI Input impedance flF = 5.5MHz 

aAM AM suppression flF = 5.5MHz, f = ±50kHz, 
Vi = 500!'V, fMOD = 1kHz, 

m=30% 

Vaeff AF output voltage flF = 5.5MHz, f = ±50kHz, 
Vi = 500!'V, fMOD = 1kHz, 

Oa '" 45, k = 4% 
V12eff 

k Harmonic distortion flF = 5.5MHz, f = +50kHz, 
Vi = 10mV, fMOD = 1kHz, 

Oa '" 20 

TYPICAL PERFORMANCE CHARACTERISTICS 

526 

Z VOLTAGE vs SUPPLY VOLTAGE 

V 
5.0 

~BA1.bT 
4 •• -~ l-

4 .• V 
~ 

> 

t 4.4 

4.' 

4.0, 

6 8 10 12 14 16 l8V 

-V11 

AF OUTPUT VOLTAGE 
AND DISTURBANCE VOLTAGE 

vs INPUT VOLTAGE (INPUT 
WIRED WITH SFES,SMA/MURATA) 

OdB ~ 770mVEFF 

AF OUTPUT VOLTAGE vs SUPPLY 
VOLTAGE 

dB 

TBA1.JT 

V. 

V 
:: 0 

t -1 -. 
.... ,..-I--V, • 

{ 
1 

RECOMMENDED RANGE _ 

r-- OF lPERjT'Nj YOYAGl -3 

-" 
-5 

8 10 12 14 16 l8Y 

-Vee 

OdB ~ 770mVEFF 

AF OUTPUT VOLTAGE 
AND DISTlJRBANCE VOLTAGE 

vs INPUT VOLTAGE (INPUT 
60n IMPEDANCE, BROADBAND) 

OdB ~ 770mVEFF 

srunotiCs 

TBA120U ONLY 

Min Typ Max 
UNIT 

15/6 40/4.5 k!l!pF 

50 60 dB 

850 1200 mV 

600 1000 mV 

1 % 

TOTAL CURRENT CONSUMPTION 
vs SUPPLY VOLTAGE 

rnA ,. 
,. 

14 

" 

10 

'!BA1.tT 

,.. 
..... 10'" ...... 

8 10 12 14 16 l8V 

-V11 

AF OUTPUT VOLTAGE (PIN 8), 
DISTURBANCE VOLTAGE 

AND HARMONIC DISTORTION 
VS INPUT VOLTAGE 

dB 
+10 

m -10 
a: 
::J -20 ... 
!!! -30 
c 
> -40 

If-50 
~-60 

I -70 

-80 

-90 
-100 

LU.11Jl 
At~+50kHz k 3% ITBA1.0i' 

90 70 50 iF.' ,,. 0 d'!.:.--' v, ,ormy-
AM· PPRESSION, 

VDSTU~~± 
r-tm - 30% 

tMOD-1kHz 
WITH CDA 

~~~~~ DE-EMPHASIS " 

30l:!V m-O 

OdB ~ 770mVEFF 

% 
13 ,. 
11k 

10 I 
9 



TBAl120T 1120U-N 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

% 
10 

k 

t 

HARMONIC DISTORTION 
vs VOLUME CONTROL 

NOISE 
(INCL MEASURING AMPLIFIER) 

OdB ~I U NFB = 900mV r-t-
ACROSS IF(PIN 14) 

;1-- o~~l;:iFB 
-1" 

-110 -90 -70 -50 -30 -10 0 20 40dB 

-l:t.VAF 

AF OUTPUT VOLTAGE (PIN 8) 
AF OUTPUT VOLTAGE (PIN 8) VB POTENTIOMETER RESISTANCE 

AND vs RATIO OF RESISTANCES VB VOLTAGE FEEDING INTO PIN 5 

dB 
o 

10 

-20 

:-30 
c:t -40 

>t -50 
-60 

-70 

-80 

-90 

-100 

-110 

2 2.2 2.4 2.6 2.8 3 3.2 ~ 
fo'1" 

TBA120T/U 

}~ (< 

"'''~ f- " 
f- i~ 
~~ " f-Ul = U3(NF) 

r f-
I I T I f-

a 0.5 1 1.5 2 2.5 3 3.5 4 4,5 5 5.5 6 6.5 7 7.Skf! 

-Rx 

~ 

dB 
o 

-10 

-20 

~-30 

t -40 

-so 

-60 

-70 

-80 

,~" 

'J, ~~'''l' "'" I ~l 1 Vs VPot -
18KII 1 1 

--- V5 

Vpot V4 

I 
I 

7 

7 
I 

6V 

_v 

With electrolytic capacitor 47,u.F from pin 11 to ground. 
V,RF = 6OmVEFF, f IF = 5.5MHz, ., f = ±50kHz, 
fMOD = 'kHz, Vee = '8V 

TEST CIRCUITS 

CIRCUIT FOR DIRECT CONNECTION TO VIDEO RECORDERS 

VIDEO RECORDER 

47Kn 
13...-

Vee 

::> 
(> +10Y) 

>: 12 
l<i 

47nF:::f C .. 
I- 2.2/lf 

~ 3o-------J 

47nF 

8 f---i 

+ 12Y1FREE 
(4) (1) 

BA~7 

... 
22j.1F 

J 
"':'C238 B20n 

>----

B.2Kn 

1.8KH 

47Qll 

1K!I 

1-" 47nF 

1Kn 

1Kn 

'------------------_ AF AMPLIFIER 

SOCKET (1): Switching voltage: at playback +,2V 
at input free 

SOCKET (4): Simultaneous in and output for AF 

FUNCTION: 

When switching voltage applied the emitter follower, BC238, on the output is blocked 
and the buffer stage, BC308, is switched on. It includes a pre-emphasis to balance the 
de-emphasis at the AF output. The IF amplifier is put out of the operation by the diode, 
BA127, and the 47kohm resistor. The remote controllable volume regulator in the 
TBA'20 T/U is used for recording and playback. 
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EM IF AMPLIfiER AND DEMODULATOR 

TEST CIRCUITS (Con't) 

RECOMMENDED APPLICATION CIRCUIT (5.5MHz) 

AF 

n:,J 1 UIG9~~GULATED 
1-4'~ T 1-3X '.'"F 

47J.1F (NOTE 2) 

SFE 5.5MA 56pF 

o-j~lNOT~ 
820n Ll 

'1 '1~~ 
I I 

1snD' 
TBA120T 

OR 
TBA120U 
(NOTE 1) 

TBA1200 

L,: 20 windings 15 x 0.05 CuLS; 00 ~ 73 
L" 9 windings 0.25 CuLS; 00 ~ 40 
Coil Assembly Vogt D41 - 2165 (2438) without gaussion core 

NOTES 

1. 820 Ohm is no longer necessary for TBA120T, as resistance is integrated. 

I 
TBA120U 

2. Omitting the electrolytic capacitor 471lF on pin 11 changes volume-control range. 

J~, 
t 

TBA120T 

528 9i!1DOtiC9 

TBA120VTBA120U 
TBA/120T 1120U-N 



DESCRIPTION 
Chrominance combination circuit for use 
in PAL television receivers. 

FEATURES 
• Internal supply line stabilization 
• 20dB ACC range-14dB + 6dB 
• Low external component count 
• Designed to be used In conjunction with 

TBA396 and TBA327/MC1327 

SYSTEM BLOCK DIAGRAM 

CHROMA I COLOR 
GATE I KILLER 

I D.C. 
COMPo 
AMP. 

A.C.C. 
CONTROLLED 

CHROMA 
AMP. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Power supply current 
dc current capability of 
reference output 
Chrominance input voltage 
Operating temperature range 
Power dissipation (package 
limitation) 
Derate above T A = +25° C 
Storage temperature range 

PIN CONFIGURATION 

14 

I A.C.C. 
GEN. 

I 
J 

GATE 
BURST 
AMP. 

CHROMA 
OUTPUT 

CHROMA 
INPUT 

CHROMA AMP. 
DECOUPLING 

GATING 
PULSE INPUT 

GROUND 6 

REFERENCE 
OSCILLATOR 7 

CONTROL INPUT 

11 

I 
I 

I 
J 

I 

N PACKAGE 

12 

PHASE I 
DET. I 

HI. I 
BISTABLE I 

TRIGGER I INHIBIT 
GATE 

ACC 
DECDUPI..ING 
NO.2 

HALF LINE 
OUTPUT 

Ace oeCOUPLlNG 
NO.1 

ACC 
'1 CONTROL 

INPUT 

PHASE 
DETECTOR 
OUTPUT 

REFERENCE 
OUTPUT 

CRYSTAL 
CONNECTION 

BURST 
PHASE 

DET. 

t I 
REF. 

OSCILLATOR 

I 
PULSE PROCESSOR I 

I 

10 

RATING UNIT 

60 mA 

4.0 mA 
1.2 Vp-p 

o to +70 °C 
625 mW 

5.0 mW/oC 
-65 to +150 °C 

TBA395-N 

13 

f-

529 



TBA395-N 

EQUIVALENT SCHEMATIC 
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IFAl 5 
TBA395-N 

DC ELECTRICAL CHARACTERISTICS TA = +25° C unless otherwise specified. 

TBA395 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Supply voltage 7.5 8.4 9.5 Vdc 
Burst gate operating voltage 2.0 5.0 V 

Chrominance output dc current Color killer operating 4.0 !J.A 
Color killer off 200 !J.A 

AC ELECTRICAL CHARACTERISTICS TA = +25°C unless otherwise specified. 

LIMITS 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Forward transconductance Chrominance output 
load = 5600 

fiN = 4.43MHz 6.4 mmho 

Chrominance input resistance 2.4 3.1 4.3 kO 
Reference oscillator pull-in range ±250 Hz 

Reference output 400 700 mV 
H/2 bistable output 1.3 1.6 2.2 Vp-p 

GrunotiCG 531 



TBA395-N 

TYPICAL CIRCUIT CONFIGURATION 

t24V 
SUPPLY 

c HROMINANCE 
OUTPUT 

10K 82K 

560 tn
", i'.' 

lnF 1.BK 

1 

REF. P.l.L. 
ADJUSTMENT 

11 470 '\ 
:~K nF 60pF \ 

47nF lK 

~ 
lOOK 12K -'-

REFERENCE 
OSCILLATOR 
ADJUSTMENT 

D4.43MHZ 

22K T 
2 10 7 

A.C.C 
lEVEL 

ADJUST 

3.9K .. -f 1 11 

8 

Tl00nF 470nF 

TBA 395 

~ 
14 

0 I 
RST GATE 10nF 5 
INPUT 

BU 

10K 

.,.. 

SETTING-UP NOTES 
For subcarrier oscillator adjustment the 
chrominance input must be bypassed to 
ground via a 1 nf capacitor. The ACC poten­
tiometer is then set to 1.2 volts below pin 2 
voltage using a high input impedance oscil­
loscope or Voltmeter ( > 10mO). While the 
adjustment is made burst gate pulses must 
be applied to pin 5. 

The OSCillator free-running frequency can 
then be adjusted to sub-carrier value ±10Hz. 

532 

CHROMINANCE 
INPUT 

3 

lnF 

-

6 4 

~------H-
47nF 

The loop will lock if a chrominance signal is 
re-connected. 

With a peak to peak signal of 250mV (100% 
bars) the output on pin 1 should be adjusted 
to 400mV peak to peak using the ACC 
control potentiometer. 

APPLICATION NOTES 
1. Normal decoupling precautions must be 
taken. For example pin 2 (S.4 volt circuit 
supply pOint) must be decoupled closely to 

S!!IDotiCS 

13 

9 

12 

r"' 

f---=O 
H/20 UTPUT 

10nF 

1----04 .43MHz 

UTPUT REF. 0 

1.8K 

pin 6 (ground) thus preventing sub-carrier 
components leaking into sensitive areas of 
the circuit. 
2. To prevent the radiation of sub-carrier 
harmonics, the connection from pin 9 (refer­
ence output) and pin S (crystal feedback) 
must be kept as short as possible. 

3. The connection from pin 1 (chroma out­
put) should be also as short as possible to 
prevent capacitive loading of the 1.SkO 
output resistor. 



DESCRIPTION 
Luminance and chrominance combination 
circuit designed for use in PAL television 
receivers. 

FEATURES 
• DC control of brightness, contrast and 

saturation 
• Tracking of saturation with contrast con-

trol changes 
• Beam current limiting 
• Black level clamping 
• Designed to be used in conjunction with 

TBA395 and TBA327/MC1327 

PIN CONFIGURATION 

GROUND 1 

CHROMA 
INPUT 

CHROMA 
OUTPUT EMITTER 

CHROMA 4 
OUTPUT COLLECTOR 

CLAMP TIME 
CONSTANT 

LUMINANCE OUTPUT 
COLLECTOR 

SYSTEM BLOCK DIAGRAM 

12 

0-

~ 
CHROMINAHCE 

DIVERSION 

0- GATE 

TRACKED 
CHROMINANCE 

DIVERSION 
GATE 

) 

N PACKAGE 

OROER PART NO. 
TBA396N 

10 

BEAM 
LIMITER 

DIFf. AMP 

~ 
13 

LUMINANCE 
INPUT 
DC CONTRAST 
CONTROL 

DC SATURATION 
CONTROL 
BLACK lEVEL CLAMP 
GATE INPUT 
BEAM LIMITER 
INPUT 
DC BRIGHTNESS 
CONTROL 

LUMINANCE OUTPUT 
EMITTER 

BLACK LEVEL 
CLAMP 

LUMINANCE 
DIVERSION 

GATE 

:> 
14 

TBA396-N 

r.- f--<> 11 

~ ~ ...... I-<> 

ABSOLUTE MAXIMUM RATINGS TA = +25°C unless otherwise specified. 

PARAMETER RATING UNIT 

Supply voltage 20 V 
Luminance output collector voltage 30 V 
Luminance output emitter current 7.0 mA 
Chrominance output emitter current 5.0 mA 
Operating temperature range o to +70 °C 
Power dissipation (package 625 mW 
limitation) 
Derate above T A = +25° C 5.0 mW/oC 
Storage temperature range -65 to +150 °C 
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TBA396-N 

EQUIVALENT SCHEMATIC 

1.SK 

3.0K 

1K 

11.1K 10K 

S.1K 

600 

600 

1. 10 

GENERAL ELECTRICAL CHARACTERISTICS 

TBA396 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Luminance input resistance 100 kO 

Luminance gain 0.6 1.0 1.2 

Change of black level with contrast 
and signal changes Black to white 41's gating 3.0 % 
Black level clamp gating pulse 50 1000 "A 
Contrast control range 35 dB 
Saturation control range 35 dB 

3dB luminance bandwidth Resistive load 7.5 MHz 

Video input aperture 1.4 3.4 Vp_p 

Chrominance input resistance 5.0 kO 
Chrominance voltage gain Resistive load 2.5 3.0 5.0 

Chrominance phase shift with ±3 % 
saturation control 
Chrominance phase shift with ±3 % 
contrast control 

Chrominance/Luminance tracking ±2 dB 
error with contrast control 
Threshold of beam limiter 1.8 2.0 2.2 V 
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TBA396-N 

TYPICAL CIRCUIT CONFIGURATION 

r-----------------------------------------------------.-----------~--------------O +24V 

1801W 

25.u.F 

CONTRAST 
CONTROL 

330 

5.5K 
3K~_--------~----------~~~~ 

5K~.------~_r-----------v~~<H 

22K 

LUMINANCE 
INPUT 

APPLICATION NOTES 
• The dc controls are relatively insensi­

tive to interference if the decoupling 
associated with these lines is close to 
thelC. 

• Good decoupling is required close to 
the "cold" end of the PAL delay line 
driving coil to prevent spurious subcarri­
er components reaching the IC supply 
line. 

SETTING UP PROCEDURE 
The pre-set brilliance control must be ad­
justed to give the correct black level of 
+16.5V at pin 7. If the color demodulator IC 
TBA327/MC1327 is used to complete the 
system a voltage of +7.5V at the chroma 
outputs can be set using the same proce­
dure. 

1.SK 

This operation must be performed with the 
brilliance control at the center of its range. 

BEAM 
INPUT 

Si!lDOlil:S 

SUPPLY 

1.SK 

LUMINANCE 

+----------------------------<0 OUTPUT 

10nF 
100 

1.BK 

220 

BIAS FOR +-___ ~ TBA327 
MC1327 

r 
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[V VIDEO AMPliFIER DEMODlIl AIOR 

DESCRIPTION 
The circuit is a TV-video amplifier­
demodulator and consists of: 

Th ree symmetrical IF-broad band­
amplifiers with AGC on the first and 
second stage, 
A video balanced-carrier demodulator, 
A video pre-amplifier with lowpass­
characteristic, 
Gated AGC-section for I F-amplifier and a 
Delayed tuner-AGC-current 
TBA1440 is for PNP-type tuner 
The AGC-current is high enough to drive 
pin-diodes 

BLOCK DIAGRAM 

15 

INPUT 

TUNER 

FEATURES 
• High gain-high stability-low noise 
• Constant input impedance 
• Output independent of supply-voltage 

over the operating range 
• Minimum IF at video-outputs 
• Fast AGC 
• Low intermodulation products 
• Low impedance outputs for positive and 

negative gOing video 
• DC-levels temperature compensated 
• Adjustable black and white level, each 

independent from the other 
• High tuner-AGC current 
• Adjustable tuner-AGC threshold 

TK 

veco 
VCC1 

VCC2 

vCC3 

,. 
GND 

T811440 
TBA1440-N 

PIN CONFIGURATION 

N PACKAGE 

IF INPUT IF INPUT 

SV 

13 

vee 

HIGH LOW 

ORDER PART NO. 
TBA1440N 

12 

VIDEO OUT 

11 

,. 

DE-COUPLING 

WHITE lEVEL 
ADJUST 

Vee 
VIDEO OUT 
NEGATIVE 

VIDEO OUT 
PQSITVE 

BLACK LEVEL 
ADJUST 

THRESHOLD T I LINE 

WHITE LEVEL ADJUST 

SVNCHRONIZING 

-= -= _ PULSE -= 

536 Si!lDotiCS 



ra 
t!:i 
I 
i 

~ 

9 8 

VARIABLE GAIN IF STAGE VARIABLE GAIN IF STAGE IF STAGE MULTIPLIER VIDEO AMPLIFIER 

~$ ~$ I I I ~~ ~~ I ~ N 
N 
a: 

:g 
a: 

THRESHOLD AMPLIFIER 

~ 

a: 
~ 

a: 

66 
5N 5P 

-.=:. 

Al. 
-N 

SWV 

CONTROL AMPLIFIER 

VCC1 

~ r78
. 

048 I 

~~~ , 
~ 
a: 

i1l 
a: 

TV GATING AMP. 

VCC2 

10 

~~~ ~ 
~ 
a: 

~ 
TEMPERATURE 

COMPENSATION 

VCr.:? 

~ 
~ 
~ 
a: 

14 

VOLTAGE SUPPLY 

Veco 

VCC1 

~ 
veC3 

VeCD 

010 

011 

~D12 

13 

m 
o 
c 
~ 
I"'" 
m 
Z 
-I 
en n 
::t 
m 
3: » 
:::! 
n 

-I 

~ 
~ z 



TBA1440-N 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Power supply voltage 10.5 to 16 V 
Voltage at pin 4 5 V 
Voltage at pin 5 16 V 
Voltage at pin 14 5 V 
Ohmic resistance between o to 20 n 
pin 8 and pin 9 
Power dissipation 

25·C 1100 mW 
70·C 700 mW 

Thermal resistance junction to ambient 110 ·C/W 
Operating temperature range -25 to +70 ·C 
Storage temperature range -65 to +150 ·C 

DC ELECTRICAL CHARACTERISTICS 

TBA1440 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Vee 10.5 15 16.5 V 

lee Vee = 15V 40 45 rnA 

V110 Vl1 - DC/R14 = 0 7.9 8.2 8.5 V 
V11 Vl1 - DC/R14 = cO 5.4 5.8 6.2 V 
V120 V12 - DC/R14 = 0 2.4 2.8 3.0 V 
V12 V12 - DC/R14 = 00 1.25· 1.6 1.8 V 

THRESHOLD FOR SYNC. LEVEL 
-V1O R10-11 = 0 0.7 1.0 1.3 V 
-V7 Negative gating pulse 0.25 1 7 V 

GAIN CONTROL VOLTAGE 
V4max Gain max 0.5 1 V 
V4min Gain min 1.6 2 V 

AC ELECTRICAL CHARACTERISTICS 

TBA1440 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

MINIMUM INPUT VOLTAGE 
V1I16 Vl1 = 3Vpp 500 750 IJ.V 
V11 Videoband width (-3d B) 5.5 6 7 MHz 

ACC range 50 55 dB 
Maximum IF voltage level 60 ·70 mV 
present at video .outputs 
Input impedance Gain max 1.8 kn 

2.0 pF 
Gain min 1.9 kn 

1.9 pFO 
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TYPICAL PERFORMANCE CHARACTERISTICS 

TBA1440 
BLACK LEVEL VB R10-11 

7 
----- --- -- --- --- -- --~ 

6 

/ 5 

/ 4 

V 
3 

./ 2 
I-- Vee= 15V 

1 R14 = 2.7K -

0 

V'N ~ 10mVRMS 

100 430 1K 2K 3K 4K 10K 20K lOOK 
R1O_11 (n) 

TBA1440 
V4 VB VINPUT 

1.7 
OdS.4. lVRMS 

1.6 Vee· 15V _ 

"'- Vl1= 3Vpp 
R14 = 2.7K 

1.5 ......... 
1.4 I"--... 

~ --f"...... -: 1.3 ...... 
1'.... 

1.2 

" 1.1 

1.0 "'-
0 -10 -20 -30 -40 -50 -60 

V'N (dB) 

TEST CIRCUIT 

10nF 

~----. 

;{ 
.E 
!!' 

TBA1440-N 

TBA1440 
WHITE LEVEL VB R14 

8.0 

Vee· 15V 
7.5 1"'-0.. 

R10-11 • 0 -...... 
~ 
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7.0 

6.5 
i' 

6.0 ~ 
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1------ -- -- - ---to-
5.5 

5.0 
100 

20 

15 

10 

5 

0 
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430 1K 

-
'" 

-10 -20 
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IS VB VINPUT 
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TBA1440G/1441-N 

DESCRIPTION 
The TBA1440G (for pnp tuner pre-stages) 
and TBA1441 (for npn tuner pre-stages) 
have been developed from the TBA440P/N. 
Their improvements are as follows: 

• Reduced residual IF at outputs 11 and 12 
• Reduced residual IF at pin 13 
• Considerably improved intermodulation 

distance' 
• Excellent tuning attitude even with low-

ohmic tank circuit at demodulator 

The IC's contain a high-amplifying control­
lable video IF amplifier, a controlled demod­
ulator and two low-resistance video outputs 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

V13 Supply voltage 
V4 Voltages 
Vs 
V14 

with positive- and negative-going signals as 
well as the complete keyed control and 
delayed tuner control. 

• Large control range with low noise and 
wide dynamic range 

• High sensitivity 
• Controlled demodulator, so minimum 

1.07MHz disturbances 
• Internal temperature stabilization 
• The white levels ofthe video signals at the 

positive and negative video output are 
independent of the operating voltage 

• The white and black levels can be adjust­
ed separately 

RATING UNIT 

15" V 
5 V 
20 V 
5 V 

R8~9 Ohmic resistance between pins 8 and 9 ::; 20 n 
RTH5A 
TJ 
T5 
V13 
TA 

"NOTE 
Briefly 16.SV 

Thermal resistance (system-air) 
Junction temperature 
Storage temperature 
Supply voltage range 
Ambient temperature in operation 

100 K/W 
150 ·C 

-40 to +125 ·C 
10.5 to 15 V 
-25 to +60 ·C 

N PACKAGE 

ORDER PART NO. 
TBA1440GN, TBAl441N 

DC ELECTRICAL CHARACTERISTICS V,3 = 13V, fliF = 38.9MHz; TA = 25°C; all data with reference 
to ground, unless otherwise specified. 

TBA1440G11441 
PARAMETER TEST CONDITIONS 

Min Typ Max 

113 Current consumption V13 = 15V 34 47 60 

VII DC voltage at output 11 V13 = 15V; VI = 0 
R14-3 = OX) 5.5 
R14-3 = 0 9.6 

V12 DC voltage at output 12 V13 = 15V; VI = 0 
R14-3 = OX) 1.9 
R14-3 = 0 3.5 

V'0=Vll AGC threshold Vl0 = sync pulse level for 1.9 
RIO-II = 0 

V11sync Sync pulse level with Peak level control .5 
async or without gating 
pulses 

V4 IF control voltage For max. gain 0 .5 
For min. gain 2.5 5 

-V7 Gating pulse voltage 2 5 

111; 112 Output current To ground 5 
TO +V13 -1 

NOTES 
1. According to test circuit; V1 = effective sync pulse Jevel at son. 
2. Test level acc = -3dB 

-asc = -2Od8 referring to picture carrier. 
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TBA1440G/1441-N 

AC ELECTRICAL CHARACTERISTICS (V'3 = 13V; fliF = 38.9MHz; TA = 25°C; all data with reference 
to ground, unless otherwise specified. 

PARAMETER 

tN,,/t:N'3 White level deviation 
AV,21tN,3 

R'4-3 Resistance for AV" = 1V 
R1O-" Resistance for sync pulse 

level deviation of 1V 

Is Control current for tuner 
prestage 

V,,; V'2 Residual IF (basic 
frequency) 

Z'-'6 Input impedance 

V, Input voltage' 
Bvldeo Video band width 

AGv AGC range 
a Intermodulation with reference 

color carrier2 
Zq 8-9 Output impedance 

NOTES 

,. According to test circuit; V, = effective sync pulse level at 60n. 
2. Test level acc = -3dB 

sse = -20dB referring to picture carrier. 

TEST CONDITIONS 

Vs> 2V 
TBA1440G: 10dB after AGC 

TBA1441: 10dB previous to AGC 

At max. gain 
At min. gain 

V" = 3Vpp 
-3dB 

TYPICAL PERFORMANCE CHARACTERISTICS 

NOISE FIGURE vs 
AT.TENUATION (MEASURED 

AD VIDEO FREQUENCY) 
-Vfb = 3V, VCC= 15V, f = 36MHz, 

Af = 3MFtz, R G = soon 
.B ,. 
14 

12 

10 

f: 

o 
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V11 = 3Y 
Vee = 15V 
t = 36MHz 
.6.1 = 3MHz 
RG = 500n 

o 10 20 30 40 SOdB 

-..ATTENUATION - A 

CONTROL VOLTAGE vs 
ATTENUATION 

-Vfb = 3V, VCC=15V, f = 36MHz, . 

V 
2.0 

1.5 

,: t 1.0 

0.5 

RG = soon 

} 
~ 

_10-
/' V11 = 3V 

Vee = 15V 

I 
1= 36MHz 
RG = soon 

o 10 20 30 ·40 50 &OdB 

_ATTENUATION - A 
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TBA 1440G/1441 
UNIT 

Min Typ Max 

100 mVIV 
20 mVIV 

8.5 kn 
2.4 kn 

10 15 mA 

10 mV 

1.8/2 kn/pF 
1.9/0 kn/pF 

70 100 300 jJ-V 
6 7 MHz 

55 dB 
45 dB 

2/2.5 kn/pF 

TUNER CONTROL CURRENT 
VI ATTENUATION 

mA 
20 

,. 
" 
14 

o 

5 
" rl 

RG = PARAMETER 
TBA1440G 

,.. 
......~~ 

I I 

~ if ~ '" ,.; ,.; So 

o -10 -20 -30 -40 -50 -BOdB 

_ ATTENUATION - A 



TYPICAL PERFORMANCE 
CHARACTERISTICS 

TUNER CONTROL CURRENT 
VB ATTENUATION 

rnA 
20 

18 

,. 
14 

.12 

f 10 

R G = PARAMETER 
TBA1441 

'"~ ~ 
\ \ \ \ 

r~ 
,.; ::; " " " " .,; ~ :\~ 

0 

Ii 

\ \ \ \ 
o -10 -20 -30 -40 -50 -60dS 

_ATTENUATION - A 

IIAI440G/1441 
TBA 1440G/1441-N 

TEST CIRCUIT 

1Kll 1KU 

22nF 

100pF 

vv-v-
FL V-BACK PULSE 
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VIDEO II *"SJEM 

FEATURES 
• Performs all video IF functions 
• Provides 63dB IF AGC range 
• Tuner AGC output 
• Black and white noise Inverting circuits 
• AFC output 
• High input sensitivity-100/LV typical 
• 53dB SIN ratio at 40dB gain control 
• Minimal external components and ad­

Justments required 
• Switch disabling of video to allow direct 

video interface with VTR 

SIMPLIFIED BLOCK DIAGRAM 

TUNING VCC 
VOLTAGE 

12V 

':' 

IF 
TUNER SELECTIVITY 45.75MHz 

FILTER IF INPUT 
AND TRAPS 

TUNER AGe 

OUTPUT 

544 

PIN CONFIGURATION 

11 

1. 

18 

DECOUPLING 
CAPACITOR 

15 

GAIN CONTROLLED 
IF 

AMPLIFIER 

I 

45.7SMHz 
IF INPUT 

DECOUPLING 
CAPACITOR 

TUNER AGe T AKE-
OVER ADJUST 

TUNER AGe 
ourf-UT 

AFCOUTPUT 5 

AFCSWITCH 

AFC 
DEMODULATOR 7 

LC NETWORK 
REFERENCE 8 

LCNETWORK 

REFERENCE 
LCNETWORK 

Smnotics 

N PACKAGE 

45.75MHz 
IF INPUT 
DECOUPLING 
CAPACITOR 

AGe CAPACITOR 

GND 

VIDEO OUTPUT 

+Vcc 
AFC 
DEMODULATOR 
LC NETWORK 
REFERENCE 
LCNETWORK 

ORDER PART NO. 
TDA2541N 

AFC DEMODULATOR 
LC NETWORK 

5 AFC OUTPUT 

I" 54! 

TDA2541-N 

AFCSWITCH 
(DEFEATS AFC 
WHEN CLOSED) 

6 AFe SWITCH 

VTR 
SWITCH 
(DEFEATS VIDEO OUTPUT) 

VIDEO OUTPUT 

INTER-CARRIER 
FILTER 

4.5MHz 
SOUND CARRIER 



VIDEO IF 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Supply voltage Vee 14 V 
Supply current (Vee = 14V) 75 mA 
Power dissipation (Vee = 14V) 1.0 W 
Operating temperature o to +70 ·C 
Storage temperature -65 to +150 ·C 

DC ELECTRICAL CHARACTERISTICS TA = 25·C, Vee = 12V unless otherwise specified. 

TDA 2541 
PARAMETER TEST CONDITIONS 

Min Typ 

lee Supply current 37 

Vth(AFe) AFC switched off below 2.5 
15 AFC symmetry Vi = 0, V14 = 0 -40 

Vth(VTR) VTR switch switches off below 1.1 

Vws White spot inverter threshold level 6.6 
VO(WS) White spot inversion clamping level 4.6 

VN Noise inverter threshold level 1.8 
VO(N) Noise inversion clamping level 3.8 

14 Tuner AGC output ON current 10 
V4(SAT) Tuner AGC output voltage 14 = 10mA 
14 Tuner AGC output OFF current 

AC ELECTRICAL CHARACTERISTICS TA = 25·C, Vee = 12V unless otherwise specified. 

Vi 

Vo(Z) 
VolTS) 

Vs 
AVi 
SIN 
B 

dG 
dO 

Af 

NOTES 
1. SIN = 

PARAMETER TEST CONDITIONS 

I F input voltage for onset 
of AGC (f = 45.75MHz) 

Zero signal output level 
Top sync level 

AFC output voltage swing 
IF gain control range 
SIN at Vi = 10mV1 
3dB bandwidth of video amplifier 

Differential gain2 
Differential phase2 

Intermodulation (1.1 MHz)3 1.1MHz blue 
1.1 MHz yellow 

Intermodulation (3.3MHz)4 3.3MHz 

Carrier signal at video output 
2nd harmonic of carrier at video output 

Change of frequency 
for 10V AFC swing 

Vo black t~ wh ite 

V noise r.m.s. B - 5MHz 

2. Measured with the VZM-2 test set-up of Wandel & Goltermann or equivalent. 
Measured between 10 and 75% of topsync level. 

Vo B-W Vo 4.4MHz 
3. Intermodulation 1.1MHz = 20 log IVo p_p 1.1MHz I dB = 20 log I Vo l.lMHz I + 3.6dB 

4. Intermodulation 3.3MHz = 20 log I Vo 4.4MHz I dB 
Vo 3.3MHz 

SmnOliCS 

TDA 2541 
Min Typ 

70 100 

5.7 6 
2.9 3 

10 
50 63 

58 
6 

4 
3· 

46 60 
46 50 
46 54 

4 
20 

100 

TDA 2541 

TDA2541-N 

UNIT 
Max 

67 mA 

V 
+40 p.A 

V 

V 
V 

V 
V 

mA 
300 mV 
10 p.A 

UNIT 
Max 

140 p.V 

6.3 V 
3.2 V 

V 
dB 
dB 

MHz 

10 % 
io· 

dB 
dB 
dB 

30 mV 
mV 

200 kHz 
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TYPICAL APPLICATION 

45.75MHz 
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27pF 

1.SK 
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WHITE SPOT 

TDA2541 VIDEO OUTPUT 

PIN 12 
OUTPUT 

VOLTAGE (V) 

INVERSION THRESHOLD 6.7 +---------...; 
ZERO SIGNAL LEVEL 6 
WHITE LEVEL (CCIR) 5.7 
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2 WATT TV EM SOUND CHANNEL 

DESCRIPTION 
The ULN2211 contains a limiting amplifier, 
an FM quadrature detector, an electronic 
gain control stage and a 2-watt audio output 
stage. It can be used to detect and amplify 
any FM modulated signal having a 
0.1-20MHz carrier frequency. 

It is especially recommended as a complete 
TV sound channel requiring few external 
components and only one tuning adjust­
ment for the 4.5MHz tank circuit. Provision 
is made for 6dB/octave de-emphasis and 
tone control. 

BLOCK DIAGRAM 

V[J 
l' 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage, Vee 
Input voltage <pin 10) 
Power consumption (internal> 
Operating temperature 
Storage temperature 

FEATURES 
• 2-walt output 
• DC volume control altenuatlon, 70dB typ 
• Limiter gain of 70dB 
• Limiting threshold typically less than 

200/LV 
• Automatic thermal shutdown 
• Over-current limiting 
• 20dB ripple rejection 
• Single supply operation (18-30V) 
• No crossover distortion 

VGAIN 

.I. .1 
.1 ":" 

15 1. 

14.SV 
REG 

10K 

2V 
":" 

QUADRA- GAIN 
TURE CONTROL SDK 

PIN CONFIGURATION 

DC VOLUME 
CONTROL 

DETECTOR 
AUDIO OUTPUT 

POWER AMP. 
AUDIO INPUT 

REGULATOR 
OUTPUT 

N PACKAGE 

ORDER PART NO. 
ULN2211N 

ULN2211-N 

DE-EMPHASIS 
TONE CONTROL 

PHASE SHIFT 

PHASE SHIFT 

AUDIO GND 

AUDIO GND 

IF INPUT 

NOTE: Internal power dissipation in watts. 

Vee 
l8-30Y 

2211 

• V eC/2 

Vo 

DETECTOR STAGE 22O.uF 

,. 4,5,12,13 ~ .. o 

":" ":" 

r lK 0.1 

AUDIO 
M COUPLING 

DE-EMPHASIS 
CAP. .01 
C1(.uF) =- ';:8 I COMPENSATION 

RATING UNIT 

+30 V 
+4.0 Vrms 

See Figure 1 
-25 to +70 °C 

-65 to +150 °C 
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AC ELECTRICAL C.,.ARACTERISTICS TA = 25°C, Vee = +24V; fo;= 4.5MHz, .lf = 25kHz, fm = 400Hz 

unless otherwise specified. 

PARAMETER 

VTH Recovered audio limiting threshold1 

AMR .AM rejection2 
Vo Recovered AF voltage (pin 16) 

THDo Detector output distortion 
THDo Output distorti.on 

Play through 

IMAX Current limit 
VN Noise 

Av Power AMP voltage gain3 
VoNee Output tracking (V6N7) 
ZIN Audio amp input impedance 

NOTES 
1. Measured with outputst -3dS, reference V,N = 10mV, af = 25kHz 

2. AMR = 20 log Vo IFM, af = 7.5kHzl 
Vo lAM. 30%1 

1 
3. Set Vo = 1Vrms. Av = 20 log -­

IV3rmsi 

TEST CONDITIONS 
Min 

Adjust V1 for Vo = 5.6V (Po = 2W) 

Adjust V1 for 2W, VIN = 10mV 30 
VIN = 10mV, f = 25kHz 500 

VIN = 10mV, f = 25kHz 
Po =2W, RL = 16 

V1 =0 

RL = 0 
VIN = 0, V1 = +15V 

25 
Vee = 18 to 27V 

f = 1kHz 40 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = +24V unless otherwise specified. 

PARAMETER TEST CONDITIONS 
Min 

lee Standby current VIN=O 25 

V6 Terminal voltage 10.5 
V10 
V11 
V14. V15 
V16 
Vs 14 
V2 
V3 

TYPICAL PERFORMANCE CHARACTERISTICS 

ULN2211 

Typ 

150 

55 
800 

1.0 
2 

10 

800 
15 

27 
0.5 
50 

ULN2211 

Typ 

45 

12.5 
1.4 
1.4 
4.0 
8.0 
14.5 
10 
2.6 

ULN2211-N 

UNIT 
Max 

350 p.V 

dB 
mVrms 

2.0 % 
10 % 

15 mVrms 

mA 
20 mVrms 

29 dB 
VN 

60 kO 

UNIT 
Max 

60 mA 

14.5 V 
V 
V 
V 
V 

16 V 
V 
V 

GAIN CONTROL CHARACTERISTIC OUTPUT VOLTAGE AND LINEAR 
RANGE vs Q OF DETECTOR COIL 

TYPICAL POWER DISSIPATION 
VI LOAD RESISTANCE AND V CC 

548 
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(Vrmsl 
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~-+=;=J!::-::::---.6.f:;: 7.5KHz 

1m:: 400Hz 
~-+~'+:':':';"':':"-VIN= 10mVrms 
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MAXIMUM ALLOWABLE POWER DISSIPATION 

s.ow 

4.S6W -- i' ./ 
....... 

t"--
...... 

r--3.24W r- "< r-. 
......... 

/' 
V-

"- V 
.... 
....... -

UNIT SOLDERED INTO PRINTED WIRING 
BOARD WITH APPROXIMATELY SQ MIL CLEAR­
ANCE BETWEEN PACKAGE BOTTOM AND BOARD. 
A HEAT FIN (APPROX. AREA OF 2 3/4") 
SOLDERED INTO BOARD ON EACH SIDES OF 
PACKAGE (PINS 4,5,12, and 13) . 

UNIT SOLDERED INTO PRINTED WIRING 
BOARD WITH APPRQX, 50 MIL CLEARANCE 
BETWEEN PACKAGE BOTTOM AND BOARD. PINS 
4,5,12, AND 13 SOLDERED TO GROUND 
FOil BOARD. GROUND FOIL AREA APPROX • 
2 SQUARE INCHES. 

UNIT MEASURED IN SOCKET SOLDERED 
INTO A 2 OZ. COPPER-CLAD PRINTED 

o WIRING BOARD. 
ro ~ ~ ~ ~ 00 ro 00 W 

AMBIENT TEMPERATURE °c 

TYPICAL APPLICATION 

VOLUME 
CONTROL 

10K 

RECOMMENDED 
HEAD SINK­

STAVER V8-3 

0.1 

'0 
4.SmHz 
10./mHz 

Figure 1 

r------------t---:-l~., '" 

ULN2211 

Table 1 

L 

1o-14/,H 
1-3/'H 

Figure 2 

Ro 

~ 

SK 

---I 
I 10.01"" ...L -r 0.221'1' 

-=- 25KfOPTIONAL 
TONE 

CONTROL 

S!!)OOtiCS 

Dbi "'11 

ULN2211-N 
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DESCRIPTION 
The NE543 is a servo amplifier and pulse­
width demodulator with internal motor drive 
transistors. It is designed for remote control 
applications in digital proportional systems 
but can be used in many other closed loop 
position control applications. 

FEATURES 
• 450mA load current capability without 

external power transistors 
• Bidirectional bridge output with single 

power supply 
• Low standby power drain 

EQUIVALENT SCHEMATIC 

R1 
1.SK 

R. 
4.7K 

NE543-K 

PIN CONFIGURATION 

K PACKAGE 
GROUND 

y+ y+ 

PULSE STRETCH PULSE STRETCH 

PULSE INPUT 

TIMING CAP 

ORDER PART NO. 

NE543K 

~----~------------1-----------~----------~------------~--------------~--------o10 
NOTE 

All resistor values are shown in ohms. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Supply voltage 6 V 
Power dissipation (TA = +25°C) 830 mW 
Output current (TA = +25° C) 450 mA 
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BLOCK DIAGRAM AND TYPICAL CONNECTION 

Rg 

100. 100. 

v+ 

c1 

~~rF~------~------~~l 

NE543 SERVO 

INPUT PULSE 
1.5ms ± O.5ms 

DRIVER CONNECTION 
The servo driver receives a nominal 1.5ms 
pulse from the receiver-decoder.The length 
of the input pulse is compared with an 
i.nternally generated pulse. If the pulse dura­
tions differ by more than an allowed amount 
(the dead band), a pulse derived from the 
difference is stretched and applied to the 
output stage. If the input pulse is shorter, 
the motor is driven so as to reduce the value 
of R3 and, hence, the internal pulse width. If 
the input pulse is longer, the motor is driven 
the other way so that R3 increases and the 
internal pulse is lengthened. In this way, the 
control surface position can be made to 
follow the input pulse. The servo output 

554 

moves over 100 degrees for pulses between 
1 and 2ms. The pulses occur at 16ms inter­
vals. 

The internal pulse generator pulse width is 
determined by C2 and R2 in series with R3. 
Capacitor C4decouples the pulse generator 
from the supply. 

Deadband is controlled by Rd-1 and Rd-2. 
The 330hm resistor sets deadband at about 
4-5 microseconds (that is, the circuit will not 
drive the motor until the input pulse is 4 to 5 
microseconds different from the internally 
generated pulse.) 

Resistors RS-1 and RS-2 determine the 

GmootlCG 

NE543-K 

v+ 

RS- 1 47. 
Rd-1 CS- 1 

33 4.7h 

amount of pulse stretching. Capacitors CS-
1 and CS-2 are the pulse stretching capaci­
tors. The value is not critical, but if changed 
RS-1 and RS-2 will have to be changed 
proportionately, 

Resistors Rs and R9 are feedback resistors 
which prevent overshoot by adjusting the 
closed-loop damping. 

Capacitor C1 is the input coupling capaci­
tor. Resistor R1 can be any value in the 
range shown, but noise immunity is im­
proved if it is at the low end of the range. 
Capacitor C3 bypasses the power supply at 
the device. 



NE543-K 

DC ELECTRICAL CHARACTERISTICS TA = 25°C. V+ = 4.8V unless 
otherwise specified. 

PARAMETER TEST CONDITIONS 
LIMITS 

Min Typ Max 

Supply voltage 3.6 4.8 6.0 

Idle current 8.0 10.0 
Input bias current 24 50 

Input impedance Pin 4 or pin 6 to ground 1.9 2.4 2.8 
Output voltage Vs = 4.8V. RL = 350 3.30 3.75 

Output current Vs = 6.0V. RL = 11.50 340 385 
Vs = 4.8V. RL = 11.50 270 280 
Vs = 3.6V. RL = 11.50 185 200 

Output impedance 4.0 4.8 5.4 
Power dissipation Quiescent. RL = "" 39 48 

RL = 11.50 350 

TYPICAL PERFORMANCE CHARACTERISTICS 

MAXIMUM DISSIPATION 
vs AMBIENT TEMPERATURE 

QUIESCENT CURRENT 
vs SUPPLY VOLTAGE 

UNIT 

V 

mA 
p.A 

kO 
V 

mA 
mA 
mA 

0 
mW 
mW 

INTERNAL PULSEWIDTH 
vs R3 AND C2 

l\. \ 
\ \ / 
'\ \ W)KEFI:~~~~:TW~~HKNO!207 

1\ 
\ (66"CIWATT!-f----

TO.5CAN\ \ 
0 

'\ \ 
-- --::::!:--- ---\ \ o DlSS'PATIONWlTHRt."".5 

'\ 
0 \\ 

'\ 

/ 
/ 

/ 
/ 

,/ 
,/ 

V- i--' 
C2 "O.47,.y "..,.-

....... V- r"'" Vc2 -0.66,.f ,...... 

V-
V ,/ V vV 

,/" 

V V- V ......... C2~O.68i1f 
k 

V V 
k 

700 

4 
3 

SUPPLY VOLTAGE IN VOLTS PULSE WIDTH IN MILLISECONDS 

DEADBAND vs RESISTOR Rd 

" 
/ 

0 / 
/v 

/ 
/ 

30 

/ 
/ 

V 
o 

o 
DEADBAND IN MICROSECONDS 

SjgnDtics 

OUTPUT CURRENT 
vs LOAD RESISTANCE 

A 

i\ 

\ 
700mA 

\ 
A 

A \ 

1\ \ 
A,\ 

A 

A 

~ MAXIMUM QUTPUTCURRENT 
WITHOUT HEAT SINK 

~~ 
.~~:::::--r--
~r:::::t:-==: b::f:: V1- .. .10'" r-. 

1214181820 22 24 26 28 30 32 34 

LOAD RESISTANCE IN OHMS 

5.55 



TYPICAL APPLICATIONS 

556 

REMOTE CONTROL SERVO SYSTEM 

r-------~~----~----------------~--~--~~--------~-ov+ 

4.3k 

5k 

sak 

IN457 

NESSS 
TIMER 

4.7J..1f I 

JUL 
2------1 

2.2J..1f 

10k 

10 

NE543 
SERVO DRIVER 

~----~----4-------~~~~ ____________ ~, I 
'---1 

(ANTENNA ROTOR, ETC.I J~RC~:C~ROL 

StgDotlCS 
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SERVO "MPLlFlER 

DESCRIPTION 
The NE544 is a servo amplifier and pulse­
width demodulator with internal motor drive 
transistors. It is designed for remote control 
applications in digital proportional systems 
but can be used in many other closed loop 
position control applications. It incorpor­
ates a I inear one shot for improved position­
al accuracy and outputs for external pnp 
motor drive transistors. 

BLOCK DIAGRAM 

FEATURES 
• 500mA load current capability 
• Bidirectional bridge output with single 

power supply 
• Low standby power drain 
• Adjustable deadband and trigger thresh­

olds 
• High linearity, 0.5% maximum error 
• Output drive for external PNP transistors 

(optional) 
• Wide supply voltage range 

ABSOLUTE MAXIMUM RATINGS TA = 25D C unless otherwise specified. 

PARAMETER RATING UNIT 

V+ Supply voltage 6.0 V 

'0 Output current 500 mA 
TA Operating temperature -20 to +75 DC 
T stg Storage temperature -65 to +150 DC 

!ii!)OotiC!i 

NES44 644 

NE544/644-N,W 

PIN CONFIGURATIONS 

N PACKAGE 

Order part no. NE544N 

N PACKAGE 

Timing ReSistor 1 Timing Capacitor 

Regulator Output 2 Position Feedback 

Output (B) 

Ground (Signal) 4 PNP Drive (B) 

Ground (Power) 5 

Pulse Stretcher 6 

Deadband 7 PNP Drive (A) 

Trigger Threshold 8 

Order part no. NE644N 

W PACKAGE' 

"Pinout same as 644N package 
Order part no. NE644W 
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SERVO AMPLIFIER NE544 644 
NE544/644-N,W 

EQUIVALENT CIRCUIT SCHEMATIC 

7.7 ... B.B r--+~~~~ __ ~ ______ -'~~ __ ~-+-oVs 
11.11 & 12 

4.3 

INPUT 

OUTPUT 10,10 
12,13 

13,14 9,9 

14.15 

1,16 

2.1 3.2 

TIMING 5.5 

5.4 GND (SIGNAL) 

GND (POWER) 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = 4.BV unless otherwise specified. 

LIMITS 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Vee Supply voltage 3.2 4.8 6 V 

ICC Supply current Quiescent 4.2 5.5 7.3 mA 

VTH Input threshold V 
On 1.5 
Off 1.4 

ZIN Input resistance 18 kn 

Output voltage V 
VOL Low 

Pin 9 or 13, IL = 400mA 
0.3 

VOH High 3.9 

VR Reference voltage 2.4 2.5 2.7 V 

PSRR Power supply rejection 3.5V~VS ~6V .01 %N 
Minimum dead band RDB = 0 1 I1S 
One shot temperature coefficient .01 %re 
Standby power 27 mW 

PNP drive current Pin 10 and 12 20 mA 
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_e. 

", 
560k 

NE-544 AA 

TYPICAL CONNECTION OF NE544N FOR LINEAR ONE SHOT TIMING 

c, 

Vs 
4.8V 

TA' T8 
OPTIONAL 
USE MPS 6562 
OR EQUIV. 

240 4.7/J 

~ __ ~::::~~::~::~~~~t-i-------~------~~------------~--~~---oGND 

Typical PC Board Layout 
Boltom View-4X 

PC BOARD-N PACKAGE 

_e. _ 

(-----
'-----

S~nl!tics 

Paris Layout 
Top View 

N ES44/644-N, W 
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SEkVO AMPLIFIER NES44 644 

NES44/644-N,W 

TYPICAL CONNECTION OF NE644W AND. NE644N FOR LINEAR ONE SHOT TIMING 

O.1p 

LINEAR 
ONE SHOT DIRECTIONAL LOGIC 

r-__________________ ~------,~--~VS 

SCHMITT TRIGGER 
c, 

4.BV 

TA' T8 
OPTIONAL 
USE MPS 6562 
OR EQUIV. 

GND 

TYPICAL PERFORMANCE CHARACTERISTICS 

1. 0 

[ 0.7 

" 
5 

o 

i 
iZ o. 
is 
w 
u 
~ 
C 0.2 

560 

5 

5 

MAXIMUM DISSIPATION vs 
AMBIENT TEMPERATURE 

'~~ " \ 
\ \', 

," \ 16PIN 

"\ ,\ ~ _'!,.!.!.l'!,~D_ , 
~ \ 

14PIN N-~ 
-1i71LOAO-

16 ~~ PIN 
W , 

50 100 150 

AMBIENT TEMP IN lOCI 

8. 

2. 

200 

0 

SUPPL Y CURRENT vs 
SUPPLY VOLTAGE 

IS W!TH 5KI 
I--- PDSITION FEED-~ 

BACKPQT ~ 

OJ.....-: .... ~ V 
~ V ""- IS ONLY 

0 

0 

0 
3.0 4.0 5.0 6.0 

SUPPLY VOLTAGE IV} 

S!!]DotiCS 

BO 0 

60 0 

1\ 

OUTPUT CURRENT vs 
LOAD RESISTANCE 

!\. i'... MAX. 0IUTPUT CURRENT , '" ~ cs;,; t-..::S~4.BV 
'" 

400 

200 

o 
5 

I r--.... r--..... t....... N ~ 
~7~ 3rV ""'- -

10 15 20 

RESISTIVE LOAD f n ) 

'" BV 

'"'-

2~ 



SERVO AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

2.8 

3.3 

OUTPUT VOLTAGE vs 
LOAD CURRENT 

---

2.0 

INPUT PULSE WIDTH vs 
FEEDBACK POT OUTPUT 

LINEAR -7 TIMING 

l,? -'(' 

NE544 64 , 

NES44/644-N,W 

INPUT PULSE vs SERVO TRAVEL 

'120 

/ 
..",.. ~ 

Ct" ~ ~ "T 18K 
O.1,ufd 

2.0 '60 

/ EXPONENTIAL ,,- ~ ""'AT =22k 
w 
> 

./ '" 
3.8 

4.3 

200 

OUT "A" 

",£:vs 

INE544~ VOUT 

? 
400 600 800 

LOAD CURRENT (rnA) 

I OUT "8" / 
/ I L ____________ ..../ 

PC Board Layout 
Bottom View-4X 

1.5 

..... ~ 
~ 1.0 

1.0 

TIMING 

~ 
~ 

1.5 

INPUT PULSE WIDTH /mS) 

PC BOARD-W PACKAGE 

GillDotiCG 

2.0 

'" :: 0 
o 
> 
ffi 
'" 
-60 

-120 

~ 
~ r----"T,15K 

1.0 1.5 

INPUT PULSE (mS) 

NE644W 

••• •• 

Parts Layout 
Top View 

1.5 

1.0 

2.0 

• 
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PHASE lOCKED lOOP 

DESCRIPTION 
The NE560 Phase Locked Loop (PLU is a 
monolithic signal conditioner and demodu­
lator system comprising a VCO, Phase 
Comparator, Amplifier and Low Pass Filter, 
interconnected as shown in the accompa­
nying block diagram. The center frequency 
of the PLL is determined by the free running 
frequency (fol of the VCO. This VCO fre­
quency is set by an external capacitor and 
can be fine tuned by an optional poten­
tiometer. The low pass filter, which deter­
mines the capture characteristics of the 
loop, is formed by the two capaCitors and 
two resistors at the Phase Comparator 
output. 

The PLL system has a set of self biased 
inputs which can be utilized in either a 
differential or single ended mode. The VCO 
output, in differential form, is available for 
signal conditioning, frequency synchroniza­
tion, multiplication and division applica­
tions. Terminals are provided for optional 
extended control of the tracking range, 
VCO frequency, and output dc level. 

The monolithic signal conditioner­
demodulator system is useful over a wide 
range of frequencies from less than 1 Hz to 
more than 15MHz with an adjustable track­
ing range of ±1% to ±15%. 

FEATURES 
• FM demodulation without tuned circuits 
• Narrow bandpass: ± 14% adjustable 
• Exact frequency duplication in high 

noise environment 
• Wide tracking range: ± 15% 
• High linearity: 1% distortion max 
• Frequency multiplication and division 

APPLICATIONS 
• Tone decoders 
• FM IF strips 
• Telemetry decoders 
• Data synchronizers 
• Signal reconstitution 
• Signal generators 
• Modems 
• Tracking filters 
• SCA receivers 
• FSK receivers 
• Wide band high linearity detectors 

NES60 

NE560-N 

PIN CONFIGURATION 

NO 
CONNECTION 

vco TIMING 
CAPACITOR 

VCO TIMING 
CAPACITOR 

VCO 
OUTPUT 2 

VCO 
OUTPUT 1 

FINE TUNING 6 

TRACKING 
RANGE CONTROL 

GROUND (OR 8 
NEGATIVE POWER 

SUPPLY) 

BLOCK DIAGRAM 

VCO 
FINE TUNE 
CONTAOL 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Maximum operating voltage 
Input voltage 
Storage temperature 
Operating temperature 
Power dissipation 

NOTE 

Limiting values above which serviceability may be impaired. 

Gi!)notiCG 

N PACKAGE 

LOW PASS OFFSET 
FILTER CONTROL 

POSITIVE 
POWER SUPPLY 
LOW PASS 
LOOP FILTER 

LOW PASS 
LOOP FILTER 
FM/RF 
INPUT 2 
FM/RF 
INPUT 1 

OFFSET 
ADJUSTMENT 
DE-EMPHASIS TERMINAL 
(AUDIO BAND SHAPING) 

DEMODULATED FM 
OUTPUT (AN OPEN 
EMITTER) 

TRACKING 
RANGE 

CONTROL 

RATING UNIT 

26 V 
1 Vrms 

-65 to +150 ·C 
o to +70 ·C 

300 mW 
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PHASE LOCKED [0"'\1 

GENERAL ELECTRICAL CHARACTERISTICS TA =25°C unless otherwise specified. 1 

PARAMETER TEST CONDITIONS 

Lowest practical operating frequency 
Maximum operating frequency 

Supply current 
Minimum input signal for lock 
Dynamic range 

VCO Temp. coefficient2 Measured at 2MHz, with both inputs 
ac grounded. 

VCO Supply voltage regulation Measured at 2M Hz 

Input resistance 
I nput capaCitance 

dc level (pins 14 & 15) 
Input dc level (pins 12 & 13) 
Output dc level (pin 10> 

(pin 9) 

Available output swing 
AM rejection2 

De-emphasis resistance Measured at pin 9 (see Figure 1) 

NOTES 

1. 15K!} Pin 9 to GND; input Pin 12 or Pin 13 (ae ground unused input);optional controls 
not connected; V+ = 18V unless otherwise specified. 

2. Acceptance Test Sub Group C. 

ELECTRICAL CHARACTERISTICS FM Applications (see Figure 2) 

Min 

15 

7 

+10.6 
+2.8 
+12.5 
+12 

30 

T A = 25° C', V+ = 18V unless otherwise specified. 1 

PARAMETER TEST CONDITIONS 
Min 

10.7MHz OPERATION-DEVIATION 75kHz, SOURCE IMPEDANCE = son 
Detection threshold 
Demodulated output amplitude VIN = 1mVrms, modulation 30 

freq uency 1 kHz 

Distortion2 
VIN = 1mVrms, modulation 

frequency 1 kHz 

Signal to noise ratio ( S + N ) VIN = 1mVrms, modulation 

N frequency 1 kHz 

4.SMHz OPERATION- DEVIATION = 2SkHz, SOURCE IMPEDANCE = son 
Detection threshold 
Demodulation output amplitude VIN = 1mVrms, modulation 30 

frequency 1 kHz 

Distortion2 
VIN = 1mVrms, modulation 

frequency 1 kHz 

Signal to noise ratio ( S + N ) VIN = 1mVrms, modulation 

N frequency 1 kHz 

NES60 

Typ 

0.1 
30 

9 
100 
60 

±0.06 
±D.3 

2 
4 

+12 
+4 

+14 
+14 

4 
40 
8 

NES60 

Typ 

120 
60 

0.3 

3S 

120 
60 

0.3 

3S 

WIDE DEVIATION-LlF/lo = S%, 10 = 4.SMHz, DEVIATION = 22SkHz @ 1kHz MODULATION RATE 

Detection threshold 1 
Demodulated output VIN = SmVrms 0.2 O.S 

Distortion2 S N VIN = SmVrms 0.8 
Signal to noise ratiO(+) VIN = SmVrms SO 

566 !i~nDliC!i 

NE560-N 

UNIT 
Max 

Hz 
MHz 

12 mA 
p.V 
dB 

±0.12 %/oC 
±2 %/V 

kO 
pF 

+13.4 V 
+6.2 V 
+17 V 
+16 V 

Vp- p 
dB 
kO 

UNIT 
Max 

300 p.V 
mV 

1 %T.H.D. 

dB 

300 p.V 
mV 

1.0 %T.H.D. 

dB 

S mV 
Vrms 

%T.H.D. 
dB 



NE560-N 

ELECTRICAL CHARACTERISTICS (Cont'd) Tracking Filter (see Figure 3) 
TA = 25°C, V+ = 18V unless otherwise specified. 1 

PARAMETER TEST CONDITIONS 

Tracking range VIN = 5mVrms 
Minimum signal to sustain lock See typical performance characteristics 

VCO Output impedance Measured with high impedance probe 
with less than 10pF capacitance 

VCO Output swing with 100kHz sideband separation 
and 3kHz low pass filter. 

VCO Output dc level C, = .001",F, R1 = 50n 

Side band suppression Input = 1 mV peak for carrier and each sideband. 

NOTES 

1. 15KO Pin 9to GND; input Pin 12 or 13 (ACground unused input); optional controls not 
connected. 

2. Acceptance Test Sub Group C. 

TYPICAL PERFORMANCE CHARACTERISTICS 

MINIMUM INPUT SIGNAL 
AMPLITUDE NECESSARY TO MAINTAIN 

LOCK AS A FUNCTION OF 
TEMPERATURE WITH 

I 
S 
'" u 
9 
z 
~ z :c 
:E 
0 ... 
~ 
" in ... 
~ 

100 

10 

1\ 
\ 

fiN = fo = 2.0MHz 

II 
&I 

1\ I~ 

\ V 
Z 10-1 
- 010203040506070 

TEMPERATURE (OC) 

TYPICAL TRACKING RANGE AS A 
FUNCTION OF INPUT SIGNAL 

-- --- 'b = ~~~~~I~~ ~~::E~T 
:0 25 

l'; 
I' 20 

~ 

I 
I I 

/ 'b - -250"" .. 
~ 15 

/ I I 
f Ib -1JIlA 

" Z TO 
i! 
~ 
I!: , 

I I 
I Ib - +2501JA, 

/ I I 
I I 

o 
,/ I I 

01 10 100 

INPUT SIGNAL AMPLITUDE (mVrm.) 

AM REJECTION AS A FUNCTION OF 
INPUT SIGNAL LEVEL 

100 

90 

'0 = ~OMHZ 

r--. 
.......... 

"'" " "-." 
"'" 

20 

o 
.lIllV llllV lOmV lClO1nV 

AM INPUT SIGNAL AMPLITUDE 

CHANGE OF FREE RUNNING 
OSCILLATOR FREQUENCY 

AS A FUNCTION OF 
FINE TUNING CURRENT 

.'" 
/' 

V 
... 
... 

L 
/' 

.20 

.10 / 

1/ 
o 
o htl 4mA 6mA 8mA 10mA 

FINE TUNING CURRENT INTO PIN 6 

Si!JDotiGS 

NES60 
UNIT 

Min Typ Max 

±5 ±15 % of fa 
0.8 mVrms 

1 kn 

0.4 0.6 Vp_ p 

+6.5 V 

35 dB 

THERMAL DRIFT OF VCO FREE 
RUNNING FREQUENCY (fo) 

""-r,-,,-,,-,,-,-,,-,, 

"~~+-~-r~~-+~~~ 

-4 H-++-H--+---t-H-t-+"ot-H 
-, H-+--t--H-t--t-H--t--t--t-I'<:l 
-60L..L-,,'=-0 ...I.-.:,'=-o ...1.-.:':':-0 --'--40l....J-,L,,--Lc':-L-:' 

TEMPERATURE (O'C) 

CHANGE OF FREE RUNNING 
OSCILLATOR FREQUENCY 

AS A FUNCTION OF 
RANGE CONTROL CURRENT 

_ ., 
~ +6 

~ .. 4 
Z ., 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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FREQUENCY AS A FUNCTION OF 
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EXTERNAL CONTROLS 
1. Loop Low Pass Filter (Pins 14 and 15) 

The equivalent circuit for the loop low­
pass filter can be represented as: 

.~. 

~
RA ...Lc, 

v1 v2 

R, 

- -

where RA (6KO) is the effective resistance 
seen looking into pin 14 or pin 15. 

The corresponding filter transfer charac­
teristics are: 

where S is the complex frequency vari­
able. 

2. Loop Gain (Threshold) Control 
The overall phase locked loop gain can 
be reduced by connecting a feedback 
resistor, R-F, across the low-pass filter 
terminals, pins 14 and 15. This causes the 
loop gain and the detection sensitivity to 
decrease by a factor 0:, (0: < 1) 

where: 

Reduction of loop gain may be desirable 
at high input signal levels (VIN > 30mV) 
and at high frequencies (fo > 5MHz) where 
excessively high loop gain may cause 
instability. 
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3. Tracking Range Control (Pin 7) 
Any bias current, Ib, injected into the 
tracking range control reduces the track­
ing range of the PLL by decreasing the 
output of the limiter. The variations ofthe 
tracking range and the center frequency, 
as a function of Ib, are shown in the 
characteristic curves with Ib defined pos­
itive going into the tracking range control 
terminal. This terminal is normally at a dc 
level of +0.6 volts and presents an imped­
ance of 6000. 

4. External Fine Tuning (Pin 6) 
Any bias current injected into the fine 
tuning terminal increases the frequency 
of oscillation, to. as shown in the charac­
teristic curves. This current is defined 
positive into the fine tuning terminal. This 
terminal is at a typical dc level of +1.3 
volts and has a dynamic impedance of 
1000 to ground. 

5. Offset Adjustment (Pin 11) 
Application of a bias voltage to the offset 
adjustment terminal modifies the current 
in the output amplifier, setting the dc 
level at the output. The effect on the loop 
is to modify the relationship between the 
VCO free ruhning frequency and the lock 
range, allowing the VCO free running 
frequency to be positioned at different 
points throughout the lock range. 

Nominally this terminal is at +4Vdc and 
has an input impedance of 3kO. The 
offset adjustment is optional. The char­
acteristics specified correspond to oper­
ation of the circuit with this terminal open 
circuited. 

SjgnDtiDs 

6. De-emphasis Filter (Pin 10) 
The de-emphasis terminal is normally 
used when the PLL is used to demodulate 
frequency modulated audio signals. In 
this application, a capacitor from this 
terminal to ground provides the required 
de-emphasis. For other applications, this 
terminal may be used for band shaping 
the output signal. The 3dB bandwidth of 
the output amplifier (see Figure 2) is 
related to the de-emphasis capacitor,Co, 
as: 

2n-RD CD 

where Ro is the 8000 ohm resistance seen 
looking into the de-emphasis terminal. 

When the PLL system is utilized for signal 
conditioning, and the loop error voltage 
is not utilized, the de-emphasis terminal 
should be ae grounded. 
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TEST CIRCUITS 

+Vcc '" 18V 

.V ee 

ITIIl llnlnl 

AM REJECTION 

G1 FM Generator with fc = fo"" 4MHz 
~f = 40kHz, 
fmod = 1kHz 

G2 Audio Generator with fA = 400Hz 
Ml' Balanced Modulator Carrier Supplied by Gl, AM 

modulation provided by G2. 

v, Al son attenuatar pad with signal level into pin 12 adjusted to lmVrms. 

c. 
Ce 
C, 
Co 
Td 

FM DEMODULATION 

FMIRF ,---------00 INPUT 1 

.l"---f-O 

CD = DE·EMPHASIS 

DEMODULATED 
OUTPUT 

ISkU 

veo 
OUTPUT 

Bypass Capacitor 
Coupling Capacitors 
Low Pass Filter Capacitors 
Frequency Determining Capacitor 
De-emphasis time constant 
(Col (Skill 

Figure 2 

Figure 1 

Fl 1 kHz Bandpass filter, Q = 20 
F2 = 400Hz Bandpass filter with Q = 50, with 1 kHz trap, 
AMR = ~ indB 

V2 

V, and V2 are rms voltmeter readings. 

., 
Co=l20 pF 

Ce 
C. 
C, 
Co 

TRACKING FILTER 
fiN = 2MHz 

1 S kU 

.--+-.... -o~:;~~~gL~~riE 

Coupling Capacitors 
Bypass Capacitor 

JCD ~ l00pF 

Low Pass Filter Capacitor 
VCO Frequency Set Capacitor 

Figure 3 
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DESCRIPTION 
The NE561 Phase Locked Loop (PLU isa 
monolithic signal conditioner, and demodu­
lator system comprising a VCO, Phase 
Comparator, Amplifier and Low Pass Filter, 
interconnected as shown in the accompa­
nying block diagram. The center frequency 
ofthe PLL is determined by the free running 
frequency (fol of the VCO. This VCO fre­
quency is set by an external capacitor and 
can be fine tuned by an optional poten­
tiometer. The low pass filter, which deter­
mines the capture characteristics of the 
loop is formed by the two capacitors and 
two resistors at the Phase Comparator 
output. 

The PLL system has a set of self biased 
inputs which can be utilized in either a 
differential or single ended mode. The VCO 
output is available for signal conditioning, 
frequency synchronization, multiplication 
and division applications. Terminals are 
provided for optional external control of the 
tracking range, VCO frequency, and output 
dc level. An analog multiplier block is incor­
porated into the PLL system to provide 
frequency' selective synchronous AM detec­
tion capability. 

The monolithic signal conditioner­
demodulator system is useful over a wide 
range of frequencies from less than 1 Hz to 
more than 15 MHz with an adjustable track­
ing range of±1% to ±15%. 

FEATURES 

PIN CONFIGURATION 

DEMODULATED 
AM OUTPUT 1 

BLOCK DIAGRAM 

veo TIMING 
CAPACITOR 2 

fiNE TUNING 8 

~ 
FINE TUNE --

N PACKAGE 

.M 
'''"'' 

14 LOW PASS LOOP FILTER 

12 FM/RF INPUT #1 

n OFFSET ADJUSTMENT 

DE-EMPHASIS TERMINAL 
10 (AUDIO BANDSHAPING) 

DEMODULATED FM OUTPUT 
9 (AN OPEN EMITTER) 

DEMOD. TRACKING GItOUND .. """" OUTPUT CONTIIO~ 

• FM demodulation without tuned circuits ABSOLUTE MAXIMUM RATINGS 
• Synchronous AM detection 
• Narrow band pass to ±1% 
• Exact frequency duplication In high 

noise environment 
• Adjustable tracking range 
• Wide tracking range to ±15% 
• High linearity: 1% distortion max 
• Frequency multiplication and division 

through harmonic locking 

APPLICATIONS 
• Tone decoders AM-FM-IF strips 
• Telemetry decoders data synchronizers 
• Signal reconstitution 
• Signal generators 
• Modems 
• Tracking filters 
• SCA receivers 
• FSK receivers 
• Wide bank high linearity detectors 
• Synchronous detectors 
• AM receiver 
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PARAMETER RATING 

Maximum operating voltage 26 
Input voltage 1 
Storage temperature -65 to +150 
Operating temperature o to +70 
Power dissipation 300 

Si!lnotics 

NE561-N 

UNIT 

V 
Vrms 
·C 
·C 
mW 



GENERAL ELECTRICAL CHARACTERISTICS 15kO pin 9 to GND; input pin 12 or pin 13 (AC ground unused 
input); optional controls not connected; TA = 25°C, V+ = 18V 
unless otherwise specified. 

NE561 
PARAMETER TEST CONDITIONS 

Min Typ 

Lowest practical operating frequency 0.1 
Maximum operating frequency 15 30 

Supply current 8 10 
Minimum input signal for lock 100 
Dynamic range 60 

VCO Temp. coefficient' Measured at 2MHz, with both inputs 
AC grounded ±0.06 

VCO Supply voltage regulation Measured at 2M Hz ±0.3 

I nput resistance 2 
Input capacitance 4 
Input dc level Measured at pins 12 and 13 +2.8 +4 

Measured at pins 14 and 15 +10.6 +12 
Measured at pin 10 +13 +15 

Output dc level Measured at pin 9 +12 +14 
Available output swing Measured at pin 9 4 
AM rejection" See Figure 3 30 40 
De-emphasis resistance 8 

'NOTE 

Acceptance Test Sub Group C. 

ELECTRICAL CHARACTERISTICS (for tracking filter, Figure 1). 15kO pin 9 to GND; input pin 12 or pin 13 
(AC ground unused input); optional controls not connected; TA = 25°C, 
V+ = 18V unless otherwise specified. 

NE561 
PARAMETER TEST CONDITIONS 

Min Typ 

Tracking range VIN = 5mVrms ±5 ±15 

Minimum signal to sustain lock 0.8 

VCO Output impedance Measured with high impedance 1 
VCO Output swing probe with less than 10pF 0.4 0.6 

capacitance with ±100kHz 
VCO Output dc level side band separation and +6.5 

3kHz low pass filter. 
C1 = .001IJ.F, R1 = 500 

Side band suppression Input= 1 mV peak for carrier and each side band 35 

Sjgnotics 

Max 

13 

±0.12 
±2 

+6.0 
+13.4 
+17 

+16 

Max 

NE561-N 

UNIT 

Hz 
MHz 

rnA 
IJ.V 
dB 

%/oC 
%IV 

kO 
pF 

V 
V 
V 

V 
Vp-p 
dB 
kO 

UNIT 

% of fo 

mVrms 

kO 
Vp-p 

V 

dB 
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ELECTRICAL CHARACTERISTICS (for FM applications, Figure 2) 15kO pin 9to GND; input pin 12 or13 (AC ground 
unused input); optional controls not connected; TA = 25° C, 
V+ = 18V unless otherwise specified. 

PARAMETER TEST CONDITIONS 

10.7MHz OPERATION'-
DEVIATION = 75kHz, SOURCE IMPEDANCE =500 

Detection threshold 
Demodulated output amplitude VIN = 1mVrms, modulation frequency 

1kHz 

Distortion' VIN = 1mVrms, modulation frequency 

Signal to noise ratio (S ~ Ny 
1kHz 

VIN = 1mVrms, modulation frequency 
1kHz 

4.5MHz OPERATION-
DEVIATION = 25kHz; SOURCE IMPEDANCE = 500 

Detection threshold 
Demodulation output amplitude VIN = 1mVrms, modulation frequency 

1kHz 

Distortion' VIN = 1 mVrms, modulation frequency 

Signal to noise ratio (S ~ N) 
1kHz 

VIN = 1mVrms, modulation frequency 
1kHz 

WIDE DEVIATlON-
Ilf/fo = 5%, fo = 4.5MHz, DEVIATION = 
225kHz @ 1kHz MODULATION RATE 

Detection threshold 
Demodulated output VIN = 5mVrms 

Distortion' S + N VIN = 5mVrms 
Signal to noise ratio (-N-) VIN = 5mVrms 

'NOTE 

Acceptance Test Sub Group c;. 

ELECTRICAL CHARACTERISTICS (for AM synchronous detector, Figure 41. 
15kO pin 9 to GND; input pin 12 or pin 13 
(AC ground unused input); 

PARAMETER 

Input impedance 
Output impedance 

Output dc level 

AM conversion gain 
Out of band rejection 

Distortion 

optional controls not connected; TA = 25°C; 
V+ = 18V unless otherwise specified. 

NE561 
UNIT 

Min Typ Max 

3 kO 
8 kO 

+10 +14 +17 V 

3 12 dB 
30 dB 

1 %T.H.D. 
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Min Typ Max 

120 300 
30 60 

. 3 1 

35 

120 300 
30 60 

0.3 1.0 

35 

1 5 
0.2 0.5 

0.8 
50 

NE561-N 

UNIT 

p.V 

mV 

%T.H.D . 

dB 

p.V 
mV 

%T.H.D. 

dB 

mV 
Vrms 

%T.H.D. 
dB 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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EXTERNAL CONTROLS 
Loop Low Pass Filter (Pins 14 and 
15) 
The equivalent circuit for the loop low-pass 
filter can be represented as: 

'0 'f::: 1 o· 

~c'v. 
", 

- -
where AA (6KO> is the effective resistance 
seen looking into pin 14 or pin 15. 
The corresponding filter transfer character-
istics are: . 

~ (S) = 1 + S R, C, 
V, 1 + S (R, + RA) C, 

where S is the complex frequency variable. 

Loop Gain (Threshold) Control 
The overall phase lock loop gain can be 
reduced by connecting afeedback resistor, 
Rf across the low-pass filter terminals, pins 
14 and 15. This causes the loop gain and the 
detection sensitivity to decrease by a factor 
oc, (oc < 1), where: 

Rf 
oc=---

2AA + Af 

Aeduction of loop gain may be desirable at 
high input signal levels (VIN > 30mV) and at 
high frequencies (fo > 5MHz) where exces­
sively high PLL loop gain may cause 
instability. 

TYPICAL TEST CIRCUITS 

Tracking Range Control (Pin 7) 
Any bias current, Ib, injected into the track­
ing range control, reduces the tracking 
range of the PLL by decreasing the output of 
the limiter. The variation of the tracking 
range and the center frequency, as a func­
tion of Ib, are shown in the characteristics 
curves with Ib defined positive going into 
the tracking range control terminal. This 
terminal is normally at a dc level of +0.6 volts 
and presents an impedance of 6000. 

External Fine Tuning (Pin 6) 
Any bias current injected into the fine tun­
ing terminal increases the frequency of 
oscillation, fo, as shown in the characteris­
tic curves. This current is defined positive 
into the fine tuning terminal. This terminal is 
at a typical dc level of +1.3 volts and has a 
dynamic impedance of 1000 to ground. 

Offset Adjustment (Pin 11) 
Application of a bias voltage to the offset 
adjustment terminal modifies the current in 
the output amplifier setting the dc level at 
the output. The effect on the loop is to 
modify the relationship between the VCO 
free running frequency and the lock range, 
allowing the VCO free running frequency to 
be positioned at different pOints throughout 
the lock range. 

Nominally this terminal is at +4Vdc and has 
an input impedance of 3kO. The offset ad­
justment is optional. The characteristics 
specified correspond to operafTon of the 
circuit with this terminal open circuited. 

NE561-N 

De-emphasis Filter (Pin 10) 
The de-emphasis terminal is normally used 
when the PLL is used to demodulate fre­
quency modulated. audio signals. In this 
application, a capaCitor from this terminal to 
ground provides the required de-emphasis. 
For other applications, this terminal may be 
used for band shaping the output signal. 
The 3dB bandwidth of the output amplifier 
(see Figure 2) is related to the de-emphasis 
capacitor, Co, as: 

1 
f3d8 = 21TRo Co 

where Ro is the 8000 ohm resistance seen 
looking into the de-emphasis terminal. 

When the PLL system is utilized for signal 
conditioning, and the loop error voltage is 
not utilized, the de-emphasis terminal 
should be AC grounded. 

AM Post-Detection Filter (Pin 1) 
The capacitor Cx connected between Pin 1 
and ground serves as low-pass filter for 
synchronous AM detection with a transfer 
characteristic, F2(S), given as: 

1 
F2(S)= 1 + SRx Cx 

where Ax = 8kO is the resistance seen look­
ing into Pin 1. 

TEST CIRCUIT FOR TRACKING FILTER TEST CIRCUIT FOR FM DEMODULATION 

574 

Cc = Coupling capacitors 
CS = Bypass capacitor 
C1 = Low pass filter capaCitor 
Co = VCO frequency set capacitor 

Figure 1 

Gi!lROliCG 

'. 

CB = Bypass capaCitor 
Cc = Coupling capaCitors 
C1 = Low pass filter capacitors 
Co =:: Frequency determing capaCitors 
ex = AM post detection filter 

Figure 2 



TYPICAL TEST CIRCUITS (Cont'd) 

TEST CIRCUIT FOR AM REJECTION 

~
. 

A, M, 

" 

~ ","~ 

FM generator with fe = fa "'" 4MHz 
lil = 40kHz, Imod = 1kHz 

'. 

Audio generator with fA = 400kHz 
Balanced modulator carrier supplied by Gl 
AM modulation provided by G2 
50H attenuatar pad with signal level into pin 12 
adjusted to 1mVrms. 
1kHz bandpass lilter. Q = 20 
400Hz bandpass filter with Q = 50, with 
1kHz trap. 

AMR V, in dB Vl and V2 are rms voltmeter readings. 
V2 

Figure 3 

!ijgnOliG!i 

TEST CIRCUIT FOR AM 
SYNCHRONOUS DETECTOR 

,~Vp~I ;:,~ 

1~~l~~."~.~-+-i-i~ 

CB 
Cc 

:t 
Bypass capacitor 
Coupling capacitor 

1 
= Ry2Cy2 = 2. 71"10 
= AM post detection filter 

Figure 4 

NE561-N 
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DESCRIPTION 
The NE562 Phase Locked Loop (PLU is a 
monolithic signal conditioner and demodu­
lator system comprising a veo, phase com­
parator, amplifier and low pass filter, inter­
connected as shown in the accompanying 
block diagram. The center frequency of the 
PLL is determined by the free running fre­
quency (fo) of the yeo. This veo frequency 
is set by an external capacitor. The low pass 
filter, which determines the capture charac­
teristics of the loop, is formed by 2 capaci­
tors and 2 resistors at the phase com parator 
output. 

This PLL has 2 sets of differential inputs, 
one for the FM/RF input and one for the 
phase comparator local oscillator input. 
Both sets of inputs can be used in either a 
differential or single-ended mode. The 
FM/RF inputs to the comparator are self­
biased. An internally regulated voltage 
source is provided to bias the phase com­
parator local oscillator inputs. The veo 
output, at high level and in differential form, 
is available fordriving logic circuits in signal 
conditioning and synchronization, frequen­
cy multiplication and division applications. 
Terminals are also provided for the optional 
extension of the tracking range. 

The monolithic signal conditioner­
demodulator system is useful over a wide 
range of frequencies from less than 1 Hz to 
more than 15MHz with an adjustable track­
ing range of ±1% to ±15%. 

FEATURES 
• Frequency multiplication and division 
• Signal conditioning and side-band sup-

pression 
• FM demodulation without tuned circuits 
• Narrow bandpass to ±1% 
• Adjustable tracking range to ±15% 
• Exact frequency duplication in high 

noise environment 
• High linearity: 1% distortion maximum at 

1% deviation 

APPLICATIONS 
• Frequency synthesizers 
• Data synchronizers 
• Signal conditioning 
• Tracking filters 
• Telemetry decoders 
• Modems 
• FM IF strips and demodulators 
• Tone decoders 
• FSK receivers 
• Wideband high linearity FM demodula­

tors 

576 

NE562-N 

PIN CONFIGURATION 

N PACKAGE 

BIAS VOLTAGE 1 16 POSITIVE SUPPLY 

PHASE COMPo 2 PHASE COMPo 
INPUT #1 15 INPUT #2 

veo OUTPUT #:1 3 14 LOW·PASS fiLTER 

veo OUTPUT #2 4 13 LOW·PASS FILTER 

veo TIMING CAP. 5 12 RF INPUT #2 

veo TIMING CAP. 6 11 RF INPUT #1 

DE-EMPHASIS 
RANGE CONTROL 7 10 (AUDIO 

BANDSHAPING) 
NEGATIVE SUPPLY 8 !I FM OUTPUT 

(GND) (AN OPEN EMITTER) 

BLOCK DIAGRAM 

ABSOLUTE MAXIMUM RATINGS (Limiting values above which serviceabili­

ty may be impaired) 

PARAMETER RATING UNIT 

Maximum operating voltage 30 V 
Input voltage 3 Vrms 
Storage temperature -65 to +150 De 
Operating temperature o to +70 De 
Power dissipation 300 mW 

9(gDOtiCS 
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EQUIVALENT SCHEMATIC 
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GENERAL ELECTRICAL CHARACTERISTICS 15,000 ohms pin 9 to ground; 12,000 ohms pins 3 and 4 to ground; 
pins 2 and 15 to pin 1 through 1,000 ohms; input to pin 11 or 12 
with unused input at AC ground; range control not connected; 
TA = 25°C, V+ = 18 volts unless otherwise specified. 

NE562 
PARAMETER TEST CONDITIONS 

Min Typ Max 

Lowest practical operating frequency 0.1 
Maximum operating frequency 15 30 

Supply current 10 12 15 
Minimum input signal for lock 200 
Dynamic range 80 

VCO temp. coefficient" Measured at 2M Hz ±0.06 ±O.15 
VCO supply voltage regulation Measured at 2MHz ±O.3 ±2 

I nput resistance 2 
Input capacitance 4 

Input DC level Measured at pins 11 and 12 +3 +4 +6 
DC level Measured at pins 13 and 14 +11 +13 +16 
Output DC level Measured at pin 9 +10 +12.5 +15 

Available output swing Measured at pin 9 4 
AM rejection" 30 40 
De-emphasis resistance 8 

De-emphasis DC level Measured at pin 10 +11 +14 +16 
Bias reference Measured at pin 1 +6.5 +7.5 +8.5 

·NOTE 

Acceptance test Sub Group C. 

Si!lDotiCS 
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UNIT 

Hz 
MHz 

mA 
IJ.V 
dB 

%/oC 
%N 
kO 
pF 

V 
V 
V 

Vp-p 
dB 
kO 

V 
V 

577 



ELECTRICAL CHARACTERISTICS FOR FM APPLICATIONS 15,000 ohms pin 9 to ground; input to pin 11 or 
pin 12 (AC ground unused input); range control 
not connected; T A = 25° C, V+ = 18 volts 
unless otherwise specified. 

NE562 
PARAMETER TEST CONDITIONS 

Min Typ Max 

10.7MHz OPERATION-DEVIATION = 75kHz, 
SOURCE IMPEDANCE = 500 

Detection tnreshold 200 SOO 
Demodulated output amplitude VIN = 1mVrms, modulation frequency 1kHz 30 70 

Distortion' 
(S+N) 

VIN = 1 mVrms, modulation frequency 1 kHz O;S 
Signal to noise ratio VIN = 1mVrms, modulation frequency 1kHz 35 

N 

4.SMHz OPERATION-DEVIATION = 2SkHz, 
SOURCE IMPEDANCE = son 
Detection threshold 200 500 
Demodulated output amplitude VIN = 1 mVrms, modulation frequency 1 kHz 30 60 
Distortion' 

(S+N) 
VIN = 1 mVrms, modulation frequency 1 kHz O.S 

Signal to noise ratio 
N 

VIN = 1 mVrms, modulation frequency 1 kHz 3S 

WIDE DEVIATION-illlfo = 50/0, INPUT = 4.SMHz, 
DEVIATION=225kHz@1kHzMODULATIONRATE 

Detection threshold 1 S 
Demodulated output VIN =5mVrms 1 
Distortion' 

(S+N) 
VIN = 5mVrms 0.3 0.8 

Signal to noise ratio 
N 

VIN =SmVrms SO 

·NOTE 

Acceptance test Sub Group C. 

ELECTRICAL CHARACTERISTICS FOR SIGNAL CONDITIONER AND FREQUENCY SYNTHESIS 
APPLICATIONS Inputto pin 110r pin 12; ACground unused input; range control notconnected;TA=2SoC, V+= 18volts 

unless otherwise specified. 

NE562 
PARAMETER TEST CONDITIONS 

Min Typ Max 

Tracking range 200mVp-p square wave input ±S ±15 

Input resistance 2 
Input capacitance 4 
Input DC level 4 

VCO output impedance 1.3 2.S 
VCO output swing 3 4.S 

VCO output DC level 12 
VCO signal/noise ratio Inputs at AC ground 60 
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UNIT 

p.V 
mltrms 

O/OT.H.D. 
dB 

p.V 
mVrms 

O/OT.H.D. 
dB 

p.V 
mVrms 
O/OT.H.D. 

dB 

UNIT 

0/0 of fo 

kO 
pF 
V 

kO 
Vp-p 

V 
dB 



TYPICAL PERFORMANCE CHARACTERISTICS 
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PIlISE LOCKED LOOP 

TYPICAL PERFORMANCE CHARACTERISTICS 

VCO OUTPUT PHASE 
AS A FUNCTION OF 

PERCENT FREQUENCY DEVIATION 

0 

'0"= 2MHi 
TYPICAL INITIAL 

, OFFseT = 0.50 

J"~;""'V IfliluT IllY 

:~,,~ b-.\ 
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I\' f:::: '" '" "" 0 

" 
PERCENT DEVIATION 

TEST CIRCUITS 

v+ 

TEST CIRCUIT FOR FM 
DEMODULATION 

0.1 0.1 1111 12k 

CB = Bypass CapaCitor . 
Cc = Coupling CapaCitor 

(Cont'd) 

0 

z 
~ .. , 
o 

.0 

9 
iil 
N ,. 

~ ,. 
II: o 
Z o. 
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, 

NORMALIZED LOOP GAIN 
AS A FUNCTION OF 

INPUT SIGNAL AMPLITUDE 

NoA. NORMA~IZED LOO) GAIN OP~N lOOpJN 

'0 

/ 

/ 
/ 

INPUT SIGNAL AMPLITUDE (mYrms) 

TEST CIRCUIT FOR SIGNAL 
CONDITIONER AND FREQUENCY 

SYNTHESIS APPLICATIONS 

NE5&2 

NE562-N 

Cs = Bypass Capacitor 
Cc .;;; Coupling Capacitor 

C1 = Low Pass Filter CapaCitor 
Co = Frequency CapaCitor Set 

NOTE: Fanout to divide by N counter is one. Cl -;;;- Low Pass Filter Capacitor 
Co c:= Frequency CapacItor Set 

Figure 1 Figure 2 
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562 APPLICATIONS 
INFORMATION 

Bias Reference 
Pin 1 of the 562 is an internally regulated 
bias reference voltage supply which should 
be used as a source of bias current for the 
phase comparator input terminals, pins 2 
and 15. Biasing may be achieved as shown 
in Figure 3. 

15 1 2 

~Ilk Cb 

Figure 3 

Phase Comparator Loop Inputs 
The 562 has an open loop between the veo 
and the phase comparator. Once biasing of 
the comparator is accomplished, as de­
scribed in Bias Reference above, loop clo­
sure can be accomplished by capacitive 
coupling between either one or both inputs 
of the phase comparator and the veo out­
put. A divider or counter may be enclosed in 
the loop at this pOint for frequency synthe­
sis applications or a flip-flop may be used to 
ensure that the output waveform has a 50% 
duty cycle. If large signal swings, greater 
than 2 volts, are to be applied to the phase 
comparator inputs, a limiting resistor 
should be used in series with the coupling 
capacitors to ensure that the maximum 
input voltage rating is not exceeded. 

VCO Output 
Square wave veo outputs of both polarities 
(00 and 1800 ) buffered by an amplifier are 
available at pins 3 and 4. For proper opera­
tion of the buffer amplifier, pins3 and 4 must 
be returned to ground (or the negative sup­
ply) through resistors, typically 12,000 
ohms. The value of these resistors may be 
reduced provided that total power dissipat­
ed in the 562 does not exceed 300 milliwatts 
or the total average current in each emitter 
does not exceed 4mA. The output amplitude 
is typically 4.5 volts positive with respect to 
pin 8 (V+ = 12 voltsl. 

VCO Tuning 
Setting the free-running frequency of the 
veo is accomplished easily with one timing 
capacitor connected between pins 5 and 6. 
For the 562 Phase Locked Loop, fine tuning 
of the free-running frequency may be ac­
complished in either or both of two ways. 
The first method uses a trimmer capacitor 
connected in parallel with the veo timing 
capacitor. This is the simplest technique 
and requires the smallest number of extra 

components but at the lower frequencies 
may be difficult to implement. The second 
technique incorporates two resistors and a 
voltage source. The resistors are connected 
between each of the timing capacitor ter­
minals and a voltage source as shown in 
Figure 4. 

R 

:~ 
~!VA 

Figure 4 

The percent change in the veo free­
running frequency, fo, as a function of the 
voltage applied to point (A) is shown in the 
curves of Figure 5. Note that with this fine 
tuning technique, it is possible to increase 
the veo free-running frequency to a value 
greater than possible with just a trimmer 
capacitor alone. A formula for the approxi­
mation of the veo frequency as a function 
of the voltage at point (A), the resistance 
values and the starting frequency, is given 
below: 

f - f [ VA-S.4] - 0 1----
1300R 

The recommended resistance range of R is 
20,000 to 60,000 ohms. 

CHANGE IN VCO FREQUENCY 
AS A FUNCTION OF 

FINE TUNING VOLTAGE 
40 

~,16.4-VA\VOLTSJ 
t30 '°

1 

1JOOR UlJ 
0 

0 
0- 20 
IU ROoiV > V40k >= 
~ 10 /' 
IU 

~ I--RI:-;;" a: ...c. >-u 0 
z - t/' w 

........... " g-10 , 
V il: 

~ -20 
W 

" Z 
~-30 
U 

-40 
0 2 4 • • 10 12 " 

TUNING VOLTAGE (V A) IN VOLTS 

Figure 5 

Loop Gain Characteristics 
The overall open loop gain of the 562 PLL 
can be expressed as: 

Ko = K1K2 

where: 

Ko= total open loop gain 
K1= phase comparator and amplifier 

conversion gain 
K2= veo conversion gain 

ssgnotics 

ME562 

NE562-N 

The VCO conversion gain, K2, is the change 
of veo frequency per unit of error voltage. 
In this particular deSign, it is numerically 
equal to the veo frequency, i.e., 

K2 = fa Hz/volt 
or 

K2 = 2".fo radians/Volt-second 

The phase comparator and amplifier con­
version gain, K1, is proportional to input 
Signal amplitude for low input levels, Vs ::; 
40mVrms, and is constant arid equal to 
about 1.S volts/radian for higher ampli­
tudes. Therefore, K1 can be approximated 
as: 

.04 Vs 

where 
Vs = input signal in mVrms. 

Signal Input 
The input structure is basically differential 
and may be used in this manner. Biasing is 
supplied to the input terminals from an 
internal regulated supply so signal inputs 
must be capacitively coupled. In most appli­
cations where the input is single-ended, the 
unused input should be Ae grounded. 

Demodulated Output 
Pin 9 is a low impedance output terminal for 
the loop error voltage. It is at this point that 
the demodulated FM output is obtained. 
When used, it must be biased by a resistor to 
ground (or negative supply), and the resistor 
value may be adjusted downward provided 
that the output current does not exceed 
SmA or the dissipation in the 562 does not 
exceed the absolute maximum ratings. 
When not used, pin 9 may be left open. 

De-emphasis Filter 
The de-emphasis terminal, pin 10, is nor­
mally utilized when the PLL is used to de­
modulate frequency modulated audio sig­
nals. In this application, a capacitor from 
this terminal to ground provides the re­
quired de-emphasis. For other applications 
it may be used to shape the output re­
sponse. The 3dB bandwidth of the output 
amplifier is related to the de-emphasis ca­
paCitor, Co, as: 

1 
f3dB = 2" Ro Co 

where Ro is the 8000 ohms resistance seen 
looking into the de-emphasis terminal. 

When the PLL system is utilized for applica­
tions not· requiring the use of the output 
amplifier, pin 10 should be AC grounded. 
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562 APPLICATIONS 
INFORMATION (Cont'd) 

Tracking Range Control (Pin 7) 
Any bias current, Ib, injected into the track­
ing range control, reduces the tracking 
range of the PLL by decreasing the output of 
the limiter. The variation of the tracking 
range and the center frequency, as a func­
tion of Ib, are shown in the characteristic 
curves with Ib defined positive going into 
the tracking range control terminal. This 
terminal is normally at a DC level of +0.6 
volts and presents an impedance of 6000. 

Low Pass Filter 
In most applications, a loop low-pass filter 
should be connected between pins 13 and 
14 and ground. It is used to set the loop 
response time, controlling the capture 
range and the rejection of out-of-band 
information. Four filter configurations and 
their transfer functions are shown in Figures 
6 through 9. For VCO operating frequencies 
below 5MHz, configurations shown in Fig­
ures 6and 7 may be used. At higherfrequen­
cies, configurations shown in Figures 8 and 
9 should be used to ensure loop stability. R 
is the internal resistance seen looking into 

582 

Figure 6 

, 
F151' l' SR Cl 

131 r C,yc1 

Figure 8 

the low pass filter terminals, Pins 13 and 14 
and is nominally 6000 ohms. 

Loop Gain (Threshold) Control 
The overall phase locked loop gain can be 
reduced by connecting a resistor, RF, 
across the low-pass filter terminals, pins 13 
and 14. This causes the loop gain and the 
detection sensitivity to decrease by a factor 
a, (a < 1) where: 

IX 
12,000 + RF 

Iii!l0otiCIi 

NE562-N 

13 9 914 

y~ F('I~l.~{;:+RR·J(ibl 
e, Rx 

Figure 7 

131 914 

I~ tel fli "SR,C, Y Rx '·"SlR,.RIC, 

Figure 9 

Reduction of loop gain may be desirable at 
operating frequencies greater than 5MHz 
because. at these frequencies, high loop 
gain may cause instability. 

Static Loop Phase-Error 
When the PLL is in lock, the veo outputs 
have a nominal ±90° phase shift with re­
spect to the input signal. Due to internal 
offsets, this nominal angle at perfect lock 
condition may shift a few degrees, typically 
±5°. 
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DESCRIPTION 
The NE564 is a versatile, high frequency 
Phase Locked Loop designed for operation 
up to 50MHz. As shown in the block dia­
gram, the NE564 consists of a veo, limiter, 
phase comparator, and post detection pro­
cessor. 

APPLICATIONS 
• High speed modems 
• FSK receivers and transmitters 
• Frequency synthesizers 
• Signal generators 

TYPICAL PERFORMANCE 
CHARACTERISTICS 

LOCK RANGE vs SIGNAL INPUT 

> 
E 
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~ 
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~ 
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I I I 
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NORMALIZED LOCK RANGE 

VCO CAPACITOR vs FREQUENCY 
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FREQUENCY kHz 

FEATURES 
• Operation with single 5V supply 
• TTL compatible inputs and outputs 
• Operation to 50MHz 
• Operates as a modulator 
• External loop gain control 
• Reduced carrier feedthrough 
• No elaborate filtering needed in FSK ap­

plications 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

V+ Supply voltage 
Pin 1 
Pin 10 

Po Power dissipation 
TA Operating temperature 
t stg Storage temperature 

BLOCK DIAGRAM 

PIN CONFIGURATION 

Input 10 Phase 
Comparator from veo 

N PACKAGE 

RATING 

14 
6 

400 
o to 70 

-65 to 150 

NE5fiIS 
NE564-N 

UNIT 

V 

mW 
·e 
·e 

,------- --------------- 14-------1 
I 
I 

10 

5 

PHASE 
COMPARATOR 

11 

veo POST DETECTION 
PROCESSOR 15 

I 
I 
I 
I 
I 
I 
I 
I 

~-----------------------~ 

FUNCTIONAL DESCRIPTION 
The NE564 is a monolithic phase locked 
loop with a post detection processor. The 
use of Schottky clamped transistors and 
optimized device geometries extends the 
frequency of operation to 50MHz. In addi­
tion to the classical PLL applications, the 
NE564 can be used as a modulator with a 
controllable frequency deviation. 

The output voltage of the PLL can be written 
as shown in the following equation: 

S!!)DotiCS 

Equation 1 

(lin - 10 ) 
vo=~ 

Kvco= conversion gain 01 the veo 
I in = Irequency 01 the input signal 
10 = Iree running Irequency 01 the veo 

The process of recovering FSK signals in­
volves the conversion of the PLL output into 
digital, logic compatible signals. For high 
data rates, a considerable amount of carrier 
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DC ELECTRICAL CHARACTERISTICS V+ = 5V, T A = 25°C unless otherwise specified 

PARAMETER TEST CONDITIONS 

Lock range T A = 25°e, 12 = 400j..tA 

fo Frequency of operation of VCO 

Frequency drift with temperature T A = ooe to lOoe, fo = 5MHz 

Frequency change with supply voltage V+ = 4.5V to 5.5V 

Demodulated output voltage 

Output voltage linearity 

Signal to noise ratio 

AM rejection 

lee Supply current 

ILC Leakage current 

Output cu rrent 

V+ Supply voltage 

will be present at the output due to the 
'the use of complicated filters, a comparator 
with hysterisis or Schmitt trigger is re­
quired. With the conversion gain of the veo 
fixed, the output voltage as given by Equa­
tion 1 varies according to the frequency 
deviation of fin from f o. Since this differs 
from system to system, it is necessary that 
the hysterisis of the Schmitt trigger be cap­
able of being changed, so that it can be 
optimized for a particular system. This is 
accomplished in the 564 by varying the 
voltage at pin 15 which results in a change of 
the hysterisis of the Schmitt trigger. 

For FSK signals, an important factor to be 
considered is the drift in the free running 
frequency of the veo itself. If this changes 
dueto temperature, according to Equation 1 
it will lead to a change in the dc levels of the 
PLL output, and consequently to errors in 
the digital output signal. This is especially 
true for narrow band signals where the 
deviation in fin itself may be less than the 
change in f 0 due to temperature. This effect 
can be eliminated if the dc or average value 
of the signal is retrieved and used as the 
reference to the comparator. In this manner, 
variations in the dc levels of the PLL output 
do not affect the FSK output. 

VCO Section 
Due to its inherent high frequency perfor­
mance, an emitter coupled oscillator is used 
in the yeo. In the circuit, shown in the 
equivalent schematic, transistors Q2' and 
Q23 with current sources Q25-Q 26 form the 
basic oscillator. The free running frequency 

584 

± 1% input deviation 

± 10% input deviation, fo = 5MHz 

5V 

Pin 9 

Pin 9 

Pin 1 
Pin 10 

of the oscillator is shown in the following 
equation: 

Equation 2 

1 
fo = 16RcC, 

Rc = R'9 = R,o 
C, = frequency setting external capacitor 

Variation of V d changes the frequency of 
the oscillator. As indicated by Equation 2, 
the frequency of the oscillator has a nega­
tive temperature coefficient due to the posi­
tive temperature coefficient of the monolith­
ic resistor. To compensate forthis, a current 
I R with negative temperature coefficient is 
introduced to achieve a low frequency drift 
with temperature. 

Phase Comparator Section 
The phase comparator consists of a double 
balanced modulator with a limiter amplifier 
to improve AM rejection. Schottky clamped 
vertical PNPs are used to obtain TTL level 
inputs. The loop gain can be varied chang­
ing the current in Q 4 and Q'5 which effec­
tively changes the gain of the differential 
amplifiers. This can be accomplished by 
introducing a current at pin 2. 

Post Detection Processor 
Section 
The post detection processor consists of a 
unity gain transconductance amplifier and 
comparator. The amplifier can be used as a 
dc retriever for demodulation of FSK sig­
nals, and as a post de.tection filter for linear 

Smnl!tiCs 

LIMITS 
UNIT 

Min Typ Max 

25 40 % 

45 50 MHz 

400 850 ppmfOC 

3 6 %IV 

10 14 mVrms 
100 140 

3 % 

40 dB 

35 dB 

30 40 mA 

1 10 j..tA 

6 mA 

4.5 12 V 
4.5 5.5 

FM demodulation. The comparator has ad­
justable hysterisis so that phase jitter in the 
output signal can be eliminated. 

As shown in the equivalent schematic, the 
dc retriever is formed by the transconduct­
ance amplifier Q42-Q 43 with a capacitor at 
the output (pin 14). This forms an integrator 
whose output voltage is shown in the follow­
ing equation: 

Equation 3 

gm J Vo = --c;- Vin dt 

g m = transconductance of the amplifier 
C, = capacitor at the output (pin 14) 
Vin = signal voltage at amplifier input 

With proper selection of e 2 , the integrator 
time constant can be varied so that the 
output voltage is the dc or average value of 
the input signal for use in FSK, or as a post 
detection filter in linear demodulation. 

The comparator with hysterisis is made up 
of Q49-Q 50 with positive feedback being 
provided by Q4rQ 48' The hysterisis is varied 
by changing the current in Q 52 with a result­
ing variation in the loop gain of the compar­
ator. This method of hysterisis control, 
which is a dc control, provides symmetric 
variation around the nominal value. 



Design Formula 
Free running frequency of veo is shown by 
the following equation: 

Equation 4 

1 
10 = l6RcC, in Hz 

RC = lOOn 
C, = external cap in farads 

EQUIVALENT SCHEMATIC 

The loop filter diagram shown is explained 
by the following equation: 

Equation 5 

1 
F(s) = 1 + sRC3 

R = R'2 = R'3 = 1.3kn 

r-----------------, r-------------------, 

LIMITER 

" 0 <i' ~ ,r 0 ,r 

I 
I 
I 
I ri ~ 
I 

PHASE 
COMPARATOR 

" 
~ " 

t veo 12 13 ~ I L _________________________ ~ 

9jgDOtiC9 

LOOP FILTER 

1 I 
or r 

NE564-N 
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DESCRIPTION 
The SElNE565 Phase-Locked Loop (PLU is 
a self-contained, adaptable filter and de­
modulator for the frequency range from 
0.001 Hz to 500kHz. The circuit comprises a 
Yoltage-controlled oscillator of exceptional 
stability and linearity, a phase comparator, 
an amplifier and a low-pass filter as shown 
in the block diagram. The center frequency 
of the PLL is determined by the free-running 
frequency of the veo; th is frequency can be 
adjusted externally with a resistor or a ca­
pacitor. The low-pass filter, which deter­
mines the capture characteristics of the 
loop, is formed by an internal resistor and an 
external capacitor. 

FEATURES 
• Highly stable center frequency 

(200p\Jm/oC typ.) 
• Wide operating Yoltage range (±6 to ±12 

volts) 
• Highly linear demodulated output (0.2% 

typ.) 
• Center frequency programming by 

means of a resistor or capacitor, voltage 
or current 

• TTL and DTL compatible square-wave 
output; loop can be opened to Insert 
digital frequency divider 

• Highly linear triangle wave output 
• Reference output for connection of com­

parator In frequency discriminator 
• Bandwidth adjustable from < ±1% to 

>±60% 
• Frequency adjustable over 10 to 1 range 

with same capacitor 

APPLICATIONS 
• Frequency shift keying 
• Modems 
• Telemetry receivers 
• Tone decoders 
• SCA receivers 
• Wideband FM discriminators 
• Data synchronizers 
• Tracking filters 
• Signal restoration 
• Frequency multiplication & division 
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PIN CONFIGURATIONS 

F,N PACKAGE 

PHASE COMPARATOR 
veo INPUT 

REFERENCE 
OUTPUT 

DEMODULATED 
OUTPUT 

BLOCK DIAGRAM 

INPUT 

v' 

EXTERNAL 
C FOR veo 
EXTERNAL 
A FOR veo 

EQUIVALENT SCHEMATIC 

v-

INPUT 

INPUT 

NElSE565-F,K,N 

K PACKAGE 

v' 

EXTERNAL C FOR veo 

EXTERNAL R FOR veo 

DEMODULATED 
OUTPUT 

PHASE COMPARATOR veQ INPUT 

C2 

l-'W...,L! .... -I-= ..... -oOEMOD. OUTPUT 

1-=~-I--I---oREF. OUTPUT 

FREQUt;NC;:Y SETTING RESISTOR v-t 
e - ~----- --- --------- ------ ------ - ; ---------- -------------- - ---l , 

1 
1=c2 

t==::~~_t:±:t~~,OOTM OUTPUT 
6 REFERENCE 

'----H----- 9 
v- Cl FREQUENCY SETTING VCOIlJTPUT PHASE SlGNALItf>UT 

, 
SIGNAL INPUT 

CAPACITOR COMPARATOR 

ABSOLUTE MAXIMUM RATINGS TA = 25°C unless otherwise specified 

PARAMETER RATING UNIT 

Maximum operating voltage 26 V 
Input voltage 3 Vp-p 
Storage temperature -65 to +150 °C 
Operating temperature range 

NE565 o to +70 °C 
SE565 -55 to +125 °C 

Power dissipation 300 mW 
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ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = ±6V unless otherwise specified. 

PARAMETER TEST CONDITIONS 

SUPPLY REQUIREMENTS 
Supply voltage 
Supply current 

INPUT CHARACTERISTICS 
Input impedance1 

Input level required for fa = 50kHz, ±10% 
tracking frequency deviation 

VCO CHARACTERISTICS 
Center frequency 

Maximum value Cl = 2.7pF 
Distribution2 Distribution taken about 

fo= 50kHz, Rl = 5.0kn, Cl = 1200pF 

Drift with temperature fa = 50kHz 
Drift with supply voltage fa = 50kHz, Vee = ±6 to ±7 volts 

Triangle wave 
Output voltage level 
Amplitude 
Linearity 

Square wave 
Logical "1" output voltage fa = 50kHz 
Logical "0" output voltage fa = 50kHz 

Duty cycle fa = 50kHz 

Rise time 
Fall time 

Output current (sink) 
Output current (source) 

DEMODULATED OUTPUT CHARACTERISTICS 
Output voltage level Measured at pin 7 

Maximum voltage swing3 
Output voltage swing ±10% frequency deviation 
Total harmonic distortion 
Output impedance4 

Offset voltage (V6-V7) 
Offsp.t voltage vs temperature (drift) 

AM rejection 

NOTES 

1. Both input terminals (pins 2 and 3) must receive identical de bias. This bias may range 
from 0 volts to -4 volts. 

2. The external resistance for frequency adjustment (R1) must have a value between 2kn 
and 20kn. 

3. Output voltage swings negative as input frequency increases. 
4. Output not buffered. 
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SE565 

Min Typ 

±6 
8 

7 10 
10 1 

300 500 

-10 0 

200 
0.1 

1.9 0 
2.4 
0.2 

+4.9 +5.2 
-0.2 

45 50 

20 
50 

0.6 1 
5 10 

4.25 4.5 

2 
250 300 

0.2 
3.6 

30 
50 

30 40 

NElSE565-F,K,N 

NE565 
UNIT 

Max Min Typ Max 

±12 ±6 ±12 V 
12.5 8 12.5 mA 

5 10 kn 
10 1 mVrms 

500 kHz 

+10 -30 0 +30 % 

525 300 ppm/DC 
1.0 0.2 1.5 %/V 

1.9 0 V 
3 2.4 3 Vp-p 

0.5 % 

+4.9 +5.2 V 
+0.2 -0.2 +0.2 V 

55 40 50 60 % 

100 20 ns 
200 50 ns 

0.6 1 mA 
5 10 mA 

4.75 4.0 4.5 5.0 V 

2 Vp-p 
200 300 mVp-p 

0.75 0.4 1.5 % 
3.6 kn 

100 50 200 mV 
100 /oIV/oC 

40 dB 
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PIlISE LOCIED L09p 

TYPICAL PERFORMANCE CHARACTERISTICS 

POWER SUPPLY CURRENT 
AS A FUNCTION OF 

SUPPLY VOLTAGE 

20r----r---r----,---, 
R1 = FREQUENCY SETTING RESISTOR 

14 1& 22 
TOTAL SUPPLY VOlTAGE (VQLTS) 

LOCK RANGE 

2. 

AS A FUNCTION OF 
GAIN SETTING RESISTANCE 

(PIN 6-7) 
+ 2 

11+ ~6V 
v- -6V 

1 

0 I~ ~ ~ ...... 
I ....... ~ II J 

1 

+ 

, 

o 
o 2 :4 .6 .8 1 U 1.4 1.6 1.8 2: 

RELATIVE FREE RUNNIMG FREOUEHCY,fO 

DESIGN FORMULAS 
(See Figure 1) 
Free-running Irequency 01 VCO: 10"'....!L in Hz 

4R1C1 
810 

Lock-range: IL=± Vee in Hz 

1 j21rrlL Capture-range: Ie ~ ± ~ 

where r = (3.6Xl03) X C2 

TYPICAL APPLICATIONS 
FM Demodulation 
The 565 Phase Locked Loop is a general 
purpose circuit designed for highly linear 
FM demodulation. During lock, the average 
dc level of the phase comparator output 
signal is directly proportional to the fre­
quency of the input signal. As the input 
frequency shifts, it is this output signal 
which causes the vce to shift its frequency 
to match that of the input. Consequently, 
the linearity ofthe phase comparator output 
with frequency is determined by the 
voltage-to-frequency transfer function of 
the vce. 
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VCO CONVERSION GAIN 

1/+=+611 
V-'-6¥ 

V "" 
/ 

V 

,/ 
V 

0.5 1 1.5 2 2.5 
VOLTAGE BETWEEN PlI7 AND PIN 10 

(1110-1/1) 

.l-

CHANGE IN FREE-RNNING 
VCO FREQUENCY AS A 

FUNCTION OF TEMPERATURE 

+2. 5 
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, 
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, 
0 

V 6VOLTS 

y+:: 6 VOLTS V 
./ 

V 
V 

/ 
1,/ 

./ 
,-

75 -~ 25 0 +25 +50 +7!i +100 +125 
TEMPERATURE-C' 

Because of its unique and highly linear 
vce, the 565 PLL can lock to and track an 
input signal over a very wide bandwidth 
(typically ±60%) with very high linearity 
(typically, within 0.5%J. 

A typical connection diagram is shown in 
Figure 1. The vce free-running frequency is 
given approximately by 

10 = 4~~C1 and should be adjusted to be at 

the center of the input signal frequency 
range. C1 ean be any value, but Rl should 
be within the range of 2000 to 20,000 ohms 
with an optimum value on the order of 4000 
ohms. The source can be direct coupled if 
the dc resistances seen from pins 2 and 3 are 
equal and there is no dc voltage difference 
between the pins. A short between pins 4 
and 5 connects the vce to the phase com­
parator. Pin 6 provides a dc reference volt­
age that is close to the dc potential of the 
demodulated output (pin 7l. Thus, if a resist­
ance is connected between pins 6 and 7, the 
gain of the output stage can be reduced with 
little change in the dc voltage level at the 
output. This allows the lock range to be 

Si!lDotiCS 
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LOCK RANGE 
AS A FUNCTION OF 

INPUT VOLTAGE 
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I~ 
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\ I 
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\ II 1\ I 
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\ '/ 
-, 

I-

decreased with little change in the free­
running frequency. In this manner the lock 
range can be decreased from ±60% of fa to 
approximately ±20% of fa (at ±6V). 

A small capaCitor (typically O.OOl,.,F) should 
be connected between pins 7 and 8 to elimi­
nate possible oscillation in the control cur­
rent source. 

A single-pole loop filter is formed by the 
capaCitor C2, connected between pin 7 and 
the positive supply, and an internal resist­
ance of approximately 3600 ohms. 

r----r-~--<>+6V 

C, 

DEMODULATED 
OUTPUT 
REFERENCE 

.ruOUTPUT 

'---'-----<> -6V 

Figure 1 



Frequency Shift Keying (FSK) 
FSK refers to data transmission by means of 
a carrier which is shifted between two preset 
frequencies. This frequency shift is usually 
accomplished by driving a VCO with the 
binary data signal so that the two resulting 
frequencies correspond to the "0" and "1" 
states (commonly called space and mark) of 
the binary data signal. 

A simple scheme using the 565 to receive 
FSK signals of 1070Hz and 1270Hz is 
shown in Figure 2. As the signal appears at 
the input, the loop locks to the input fre­
quency and tracks it between the two fre­
quencies with a corresponding dc shift at 
the output. 

The loop filter capacitor C2 is chosen small­
er than usual to eliminate overshoot on the 
output pulse, and a three-stage RC ladder 
filter is used to remove the carrier compo­
nent from the output. The band edge of the 
ladder filter is chosen to be approximately 
half way between the maximum keying rate 
(in this case 300 baud or 150Hz) and twice 
the input frequency (approximately 
2200Hz). The output signal can now be 
made logic compatible by connecting a 
voltage comparator between the output and 
pin 6 of the loop. The free-running frequen­
cy is adjusted with R1 so as to result in a 
slightly-positive voltage at the output with 

fiN = 1070Hz. 

The input connection is typical for cases 
where a dc voltage is present at the source 
and therefore a direct connection is not 
desirable. Both input terminals are returned 
to ground with identical resistors (in this 
case, the values are chosen to effect a 600-
ohm input impedance). 

Frequency Multiplication 
There are two methods by which frequency 
multiplication can be achieved using the 
565: 

1. Locking to a harmonic of the input signal. 
2. Inclusion of a digital frequency divider or 

counter in the loop between the VCOand 
phase comparator. 

The first method is the simplest, and can be 
achieved by setting the free-running fre­
quency of the VCO to a multiple of the input 
frequency. A limitation of this scheme is that 
the lock range decreases as successively 
higher and weaker harmonics are used for 
locking. If the input frequency is to be 
constant with little tracking required, the 
loop can generally be locked to anyone of 
the first 5 harmonics. For higher orders of 
multiplication, or for cases where a large 
lock range is desired, the second scheme is 
more desirable. An example of this might be 

NE/SE565-F,K,N 

...--r------1r--,.--..--....----O+OV 
C2 

0.15 0.02 0.02 

FSK OJ 
INPUT~ 

1Dk 10k 

30K 

1--_1--________ --I..---<o_6V 

Figure 2 

Figure 3 

a case where the input signal varies over a 
wide frequency range and a large multiple 
of the input frequency is required. 

A block diagram of the second scheme is 
shown in Figure 3. Here the loop is broken 
between the VCO and the phase compara­
tor, and a frequency divider is inserted. The 
fundamental of the divided VCO frequency 
is locked to the input frequency in this case, 
so that the VCO is actually running at a 
multiple of the input frequency. Theamount 
of multiplication is determined by the fre­
quency divider. A typical connection 
scheme is shown in Figure 4. To set up the 
circuit, the frequency limits of the input 
signal must be determined. The free­
running frequency of the VCO is then ad­
justed by means of R1 and C1 (as discussed 
under FM demodulation) so that the output 
frequency of the divider is midway between 
the input frequency limits. The filter capaci­
tor, C2, should be large enough to eliminate 
variations in the demodulated output volt­
age (at pin 7), in order to stabilize the VCO 
frequency. The output can now be taken as 
the VCO squarewave output, and its funda­
mental will be the desired multiple of the 
input frequency (fiN) as long as the loop is in 
lock. 

seA (Background Music) Decoder 
Some FM stations are authorized by the 
FCC to broadcast uninterrupted back­
ground music for commerical use. To do 
this a frequency modulated subcarrier of 
67kHz is used. The frequency is chosen so 

Si!lDOliCS 

...--.--..----.---..---+6V' 

1--__ .l-________ -6V 

Figure 4 

as not to interfere with the normal stereo or 
monaural program; in addition, the level of 
the subcarrier is only 10% of the amplitude 
of the combined signal. 

The SCA signal can be filtered out and 
demodulated with the NE565 Phase Locked 
Loop without the use of any resonant cir­
cuits. A connection diagram is shown in 
Figure 5. This circuit also serves as an 
example of operation from a single power 
supply. 

A resistive voltage divider is used to estab­
lish a bias voltage for the input (pins 2 and 
3), The demodulated (multiplex) FM signal is 
fed to the input through a two-stage high­
pass filter, both to effect capacitive coupling 
and to attenuate the strong signal of the 
regular channel. A total signal amplitude, 
between 80mVand 300mV, is required althe 
input. Its source should have an impedance 
of less than 10,000 ohms. 

The Phase Locked Loop is tuned to 67kHz 
with a 5000 ohm potentiometer; only ap­
proximate tuning is required, since the loop 
will seek the signal. 

The demodulated output (pin 7J passes 
through a three-stage low-pass filter to 
provide de-emphasis and attenuate the 
high-frequency noise which often accom­
panies SCA transmission. Note that no ca­
pacitor is provided directly at pin 7; thus, the 
circuit is operating as a first-order loop. The 
demodulated output signal is in the order of 
50mV and the frequency response extends 
to 7kHz. 
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DESCRIPTION 
The SEINE 566 Function Generator is a 
voltage control/ed oscil/ator of exceptional 
linearity with buffered square wave and 
triangle wave outputs.The frequency of os­
cil/ation is determined by an external resis­
tor and capacitor and the voltage applied to 
the control terminal. The oscillator can be 
programmed over a ten to one frequency 
range by proper selection of an external 
resistance and modulated over a ten to one 
range by the control voltage, with excep­
tional linearity. 

BLOCK DIAGRAM 

EQUIVALENT SCHEMATIC 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Maximum operating voltage 
Input voltage 
Storage temperature 
Operating temperature range 

NE566 
SE566 

Power dissipation 

FEATURES 
• Wide range of operating voltage (up to 24 

volts) 
• High linearity of modulation 
• Highly stable center frequency (200 

ppm/DC typical) 
• Highly linear triangle wave output 
• Frequency programming by means of a 

resistor or capacitor, voltage or current 
• Frequency adjustable over 10 to 1 range 

with same capacitor 

APPLICATIONS 
• Tone generators 
• Frequency shift keying 
• FM modulators 
• Clock generators 
• Signal generators 
• Function generators 

RATING UNIT 

26 V 
3 Vp-p 

-65 to +150 DC 

o to +70 DC 
-55 to +125 DC 

300 mW 

!imnotiC!i 

NElSES66 
NElSE566-F,N,T 

PIN CONFIGURATIONS 

T PACKAGE 

v' 

TRIANGLE WAVE OUTPUT 

N PACKAGE 

GROUNOo'V' NC 2 I C, 

saUARE WAVE J 6 A 
OUTPUT 1 

TRIANGLE WAVE 4 5 MODULATION 
OUTPUT INPUT 

F PACKAGE 

NC , .. NC 

NC' " NC 

GROUND 3 " NC 

SQUARE WAVE 4 " v' 

TRIANGLE WAVE 5 10 C 1 

NC' . A, 

NC' MODULATION 

INPUT 
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ELECTRICAL CHARACTERISTICS TA = 25DC; Vee = 12V unless otherwise specified. 

PARAMETER 
Min 

GENERAL 
Operating temperature range -55 

Operating supply voltage 
Operating supply current 

VC01 
Maximum operating frequency 

Frequency drift with temperature 
Frequency drift with supply voltage 

Control terminal input impedance2 

FM distortion (±10% deviation) 

Maximum sweep rate 
Sweep range 

OUTPUT 
Triangle wave output 

Impedance 

Voltage 1.9 
Linearity 

Square wave input 
Impedance 

Voltage 5 
Duty Cycle 45 

Rise time 
Fall Time 

NOTES 

1. The external resistance for frequency adjustment (R1) must h~ve a value between 2kO 
and 20KO. 

2. The bias voltage (Vel applied to the control terminal (pin 5) should be in the range 

3/4V+:::; Vc:5 V+. 

TYPICAL PERFORMANCE CHARACTERISTICS 

SE566 

Typ Max 

125 

24 
7 12.5 

1 

200 
1 

1 
0.2 0.75 

1 
10:1 

50 

2.4 
0.2 

50 

5.4 
50 55 

20 
50 

NORMALIZED FREQUENCY AS A 
FUNCTION OF CONTROL VOLTAGE 

NORMALIZED FREQUENCY AS A 
FUNCTION OF RESISTANCE (R1) 

V",2VOLTS 

,/ 
~ 

1// 
// 

".// 
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V+=,2vOLTS 
"'c·'OVOLTS 

Min 

0 

1.9 

5 
40 

NE/SE566-F,N,T 

NE566. 
UNIT 

Typ . Max 

70 DC 

24 V 
7 12.5 mA 

1 MHz 

300 ppm/DC 
2 %N 
1 Mn 

0.4 1.5 % 

1 MHz 
10:1 

50 n 

2.4 Vpp 
0.5 % 

50 n 

5.4 Vpp 
50 60 % 

20 ns 
50 ns 

CHANGE IN FREQUENCY AS A 
FUNCTION OF TEMPERATURE 

y' "2VOLT$ 
VC',OVOlTS 

IA . AW 
A ,\)~.'t\' 

>\\ :\\i ""'" IA \\\' \\\\ \\\' 
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W 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

POWER SUPPLY CURRENT AS A 
FUNCTION OF SUPPLY VOLTAGE 

. 
! I , 
i 1~ 
B 

i , ' 

.-
:/ 
'v . 

/ R,·.&II 

// 7 
~ / 
~ 

v 

SUPl'\.YIIOI.TAIlE·lvOLTSI 

OPERATING INSTRUCTIONS 
The SEINE 566 Function Generator is a 
general purpose voltage controlled oscilla­
tor designed for highly linear frequency 
modulation. The circuit provides simul­
taneous square wave and triangle wave 
outputs at frequencies up to 1 MHz. A typical 
connection diagram is shown in Figure 1. 
The control terminal (pin 5) must be biased 
externally with a voltage (Ve) in the range 

3/4 v+,,; Vc ,,; v+ 

where Vee is the total supply voltage. In 
Figure 1, the control voltage is set by the 
voltage divider formed with R2 and R3. The 
modulating signal is then ac coupled with 

.-----..-._---<>v+ 

FIGURE 1 

FREQUENCY AS A FUNCTION 
OF CAPACITANCE (C1) 

the capacitor C2. The modulating signal can 
be direct coupled as well, if the appropriate 
dc bias voltage is applied to the control 
terminal. The frequency is given approxi­
mately by 

2[(V+) - (Vc)] 

R1C1V+ 

and Rl should be in the range 2kfl < Rl < 
20kfl. 

A small capacitor (typically 0.001I'f) should 
be connected between pins 5 and 6 to elimi­
nate possible oscillation in the control cur­
rent source. 
If the VCO is to be used to drive standard 

Si!lnOliCS 

NE/SE566 
NElSE566-F,N,T 

VCO OUTPUT WAVEFORMS 

1 V'·,21/0llS 

'A 1/ '\. / 
,/I I 1\. )!' ~ , 

I 1 
I r .-r-

, 
r-+-

i 

I 

'T r--l-

i 1 I 

logic circuitry, it may be desirable to use a 
dual supply of±5 volts as shown in Figure2. 
In this case the square wave output has the 
proper dc levels for logic circuitry. RTL can 
be driven directly from pin 3. For DTL or T2L 
gates, which require a current sink of more 
than 1 rnA, it is usually necessary to connect 
a 5kfl resistor between pin 3 and negative 
supply. This increases the current sinking 
capability to 2mA. The third type of inter­
face shown uses a saturated transistor be­
tween the 566 and the logic circuitry. This 
scheme is used primarily for T2L circuitry 
which requires a fast fall time «50ns) and a 
large current sinking capability. 

FIGURE 2 

DTL OR T2L 
WITH FAST 
FALL TIME 
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DESCRIPTION 
The SEiN E56? tone and freq uency decoder 
is a highly stable phase-locked lOop with 
synchronous AM lock detection and power 
output circuitry. Its primary function is to 
drive a load whenever a sustained frequen­
cy within its detection band is present at the 
self-biased input. The bandwidth center 
frequency, and output delay are independ­
ently determined by means of four external 
components. 

BLOCK DIAGRAM 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Operating temperature 
NE56? 
SE56? 

Operating voltage 
Positive voltage at input 
Negative voltage at input 
Output voltage (collector 
of output transistor) 

Storage temperature 
Power dissipation 

594 

FEATURES 
• Wide frequency range (.01Hz to 500kHz) 
• High stability of center frequency 
• Independently controllable· bandwidth 

(up to 14 percent) 
• High out-band signal and noise rejection 
• Logic-compatible output with 100mA 

current sinking capability 
• Inherent immunity to false signals 
• Frequency adjustment over a 20 to 1 

range with an external resistor 
• Military processing available 

APPLICATIONS 
• Touch Tone® decoding 
• Carrier current remote controls 
• Ultrasonic controls (remote TV, etc.) 
• Communications paging 
• Frequency monitoring and control 
• Wireless intercom 
• Precision oscillator 

LOOI' 
LOW 
PASS 
FILTER 

~C2 

RATING 

o to +70 
-55 to +125 

10 
0.5 + Vs 

-10 
15 

-65 to +150 
300 
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UNIT 

·c 
·C 
V 
V 
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Vdc 

·C 
mW 
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PIN CONFIGURATIONS 

OUTPUT FILTER 
CAPACITOR C3 

F PACKAGE 

T PACKAGE 
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TIMING ELEMENT 

", 
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ELEMENT R1 
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NE/SE567-F,N,T 

DC ELECTRICAL CHARACTERISTICS (V+ = 5.0V; TA = 25°C unless otherwise specified.) 

PARAMETER TEST CONDITIONS 

CENTER FREQUENCY1 
Highest center frequency (foJ 

Center frequency stability2 -55 to +125°C 
o to +70°C 

Center frequency shift with supply voltage fo = 100kHz 

DETECTION BANDWIDTH 
Largest detection bandwidth fo = 100kHz 
Largest detection bandwidth skew 
Largest detection bandwidth- Vi = 300mVrms 
variation with temperature 
Largest detection bandwidth- Vi = 300mVrms 
variation with supply voltage 

INPUT 
Input resistance 

Smallest detectable input voltage (Vi> IL = 100mA, fi = fo 
Largest no-output input voltage IL = 100mA, fi = fo 

Greatest simultaneous out band 
signal to in band signal ratio 
Minimum input signal to wideband Bn = 140kHz 
noise ratio 

OUTPUT 
Fastest on-off cycling rate 

"1" output leakage current 
"0" output voltage IL = 30mA 

IL = 100mA 
Output fall time3 RL =500 
Output rise time3 RL = 500 

GENERAL 
Operating voltage range 

Supply current quiescent 
Supply current-activated RL = 20kO 

Quiescent power dissipation 

NOTES 

1. Frequency determining resistor R1 should be between 1 and 20kO. 
2. Applicable over 4.75 to 5.75 volts. See graphs for more detailed information. 
3. Pin 8 to Pin l1eedback RL network selected to eliminate pulsing during turn~on and 

turn-off. 

TYPICAL PERFORMANCE CHARACTERISTICS 

Min 

100 

12 

10 

4.75 

BANDWIDTH VB INPUT 
SIGNAL AMPLITUDE 

LARGEST DETECTION 
BANDWIDTH VB 

OPERATING FREQUENCY 

\ 
\ 

'; '; '; '; '; 'l! '; " 
~ ~ 9 x u 

::! .,;. 
~ '" 

SES67 

Typ 

500 

35±140 
35±60 

0.5 

14 
1 

±o.1 

±2 

20 

20 
15 

+6 

-6 

fo/20 

0.01 
0.2 
0.6 
30 
150 

6 
11 

30 

\ ! 3 • • i w 

~ 
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Max 

1 

16 
2 

25 

25 
0.4 
1.0 

9.0 

8 
13 

NES67 
Min Typ Max 

UNIT 

100 500 kHz 

35±140 ppm/oC 
35±60 ppm/oC 

0.7 2 %N 

10 14 18 %·of fo 
2 3 % of fo 

±0.1 %fOC 

±2 %N 

20 kO 

20 25 mVrms 
10 15 mVrms 

+6 dB 

-6 dB 

fo/20 

0.01 25 A 
0.2 0.4 V 
0.6 1.0 V 
30 ns 
150 ns 

4.75 9.0 V 

7 10 rnA 
12 15 rnA 

35 mW 

DETECTION BANDWIDTH AS 
A FUNCTION OF C2 and C3 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

TYPICAL SUPPLY CURRENT 
vs SUPPLY VOLTAGE 
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DESIGN FORMULAS 
fo~~ 

R,C, 

BW ~ 1070) f~2 in % of fo, Vi:;; 200mVrms 

Where 

Vi = Input Voltage (Vrms) 
C2 = Low-Pass Filter Capacitor (I'F) 

PHASE LOCKED LOOP 
TERMINOLOGY CENTER 
FREQUENCY (fo) 
The free-running frequency of the current 
controlled oscillator (CCO) in the absence 
of an input signal. 

Detection Bandwidth (BW) 
The frequency range, centered about fo, 
within which an input signal above the 
threshold voltage (typically 20mVrms) will 
cause a logical zero state on the output. The 
detection bandwidth corresponds to the 
loop capture range. 

Lock Range 
The largest frequency range within which 
an input signal above the threshold voltage 
will hold a logical zero state on the output. 

Detection Band Skew 
A measure of how well the detection band is 
centered about the center frequency, fa. The 
skew is defined as (fmax + fmin .-2fo)/2fo 
where fmax and fmin are the frequencies 
corresponding to the edges of. the detection 
band. The skew can be reduced to zero if 
necessary by means of an optional center­
ing adjustment. 

OPERATING INSTRUCTIONS 
Figure 1 shows a typical connection dia­
gram for the 567. For most applications, the 
following three-step procedure will be 
sufficient for choosing the external compo­
nents Rl, Cl, C2 and C3. 

1. Select Rl and Cl for the desired center 
frequency. For best temperature stability, 
R 1 should be between 2K and 20K ohm, and 
the combined temperature coefficient ofthe 
R1Cl product should have sufficient stabili­
ty over the projected temperature range to 
meet the necessary requirements. 

2. Select the low pass capacitor, C2, by 
referring to the Bandwidth versus Input 
Signal Amplitude graph. If the input ampli­
tude variation is known, the appropriate 
value of foC2 necessary to give the desired 
bandwidth may be found. Conversely, an 
area of operation may be selected on this 
graph and the input level and C2 may be 
adjusted accordingly. For example, con-
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TYPICAL RESPONSE 

Input 

Output 

Response to 100mVrms tone burst. 
RL = 100 ohms. 

Output 

Response to same input tone burst 
with wideband noise. 

S = -6db' RL = 100 ohms 
N Noise Bandwidth = 140Hz 

stant bandwidth operation requires that 
input amplitude be above 200mVrms. The 
bandwidth, as noted on the graph, is then 
controlled solely by the foC2 product (fo 
(Hz), C2 (I' fd)). 

3. The value of C3 is generally non-critical. 
C3 sets the band edge of a low pass filter 
which attenuates frequencies outside the 
detection band to elminate spurious out­
puts. If C3 is too small, frequencies just 
outside the detection band will switch the 
output stage on and off at the beat frequen­
cy, or the output may pulse on and off 
during the turn-on transient. If C3 is too 
large, turn-on and turn-off of the output 
stage will be delayed until the voltage on C3 
passes the threshold voltage. (Such delay 
may be desirable to avoid spurious outputs 
due to transient frequencies.) A typical 
minimum value for C3 is 2C2. 

AVAILABLE OUTPUTS (Figure 2) 
The primary output is the uncommitted 
output transistor collector, pin 8. When an 
in-band input signal is present, this transis­
tor saturates; its collector voltage being less 
than 1.0 volt (typically 0.6V) at full output 
current (100mAI. The voltage at pin 2 is the 
phase detector output which is a linear 
function of frequency over the range of 0.95 
to 1.05 fo with a slope of about 20m V per 
percent of frequency deviation. The average 
voltage at pin 1 is, during lock, a function of 
the inband input amplitude in accordance 
with the transfer characteristic given. Pin 5 
is the controlled oscillator square wave 
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+V +V 

INPUTD--1 

..h.r 

Figure 1 

output of magnitude (+V -2Vbe) ~ (+V -1.4V) 
having adc average of+V/2. A lk!lload may 
be driven from pin 5.Pin 6 is an exponential 
triangle of 1 volt peak-to-peak with an 
average dc level of +V/2. Only high imped­
ance loads may be connected to pin 6 
without affecting the CCO duty cycle or 
temperature stability. 

OPERATING PRECAUTIONS 
A brief review of the following precautions 
will help the user achieve the high level of 
performance of which the 567 is capable. 

1. Operation in the high input level mode 
(above 200mV) will free the user from 
bandwidth variations due to changes in the 
in-band signal amplitude. The input stage is 
now limiting, however, so that out-band 
signals or high noise levels can cause an 
apparent bandwidth reduction as the in­
band signal is suppressed. Also, the limiting 
action will create in-band components from 
sub-harmonic signals, so the 567 becomes 
sensitive to signals at f 013, f 015, etc. 

2. The 567 will lock onto signals near (2n + 
11 fo, and will give an output for signals near 
(4n + 1) fowhere n=O, 1,2, etc. Thus, signals 
at 5fo and 9fo can cause an unwanted 
output. If such signals 'are anticipated, they 
should be attenuated before reaching the 
567 input. 

3. Maximum immunity from noise and out­
band signals is afforded in the low input 
level (below 200mVrms) and reduced band­
width operating mode. However, decreased 
loop damping causes the worse-case lock­
up time to increase, as shown by the 
Greatest Number of Cycles Before Output 
vs Bandwidth graph. 

4. Due to the high switching speeds (20ns) 
associated with 567 operation, care should 
be taken in lead routing. Lead lengths 
should be kept to a minimum. The power 
supply should be adequately bypassed 
close to the 567 with a O.D1"F or greater 
capacitor; grounding paths should be 
carefully chosen to avoid ground loops and 



unwanted voltage variations. Another factor 
which must be considered is the effect of 
load energization on the power supply. For 
example, an incandescent lamp typically 
draws 10 times rated current at turn-on. This 
can cause supply voltage fluctuations 
which could, for example, shift the detec­
tion band of narrow-band syste..ms suffi­
ciently to cause momentary loss of lock. 
The result is a low-frequency oscillation 
into and out of lock. Such effects can be 
prevented by supplying heavy load currents 
from a separate supply or increasing the 
supply filter capacitor. 

SPEED OF OPERATION 
Minimum lock-up time is related to the 
natural frequency of the loop. The lower it 
is, the longer becomes the turn-on tran­
sient. Thus, maximum operating speed is 
obtained when C2 is at a minimum. When 
the signal is first applied, the phase may be 
such as to initially drive the controlled 
oscillator away form the incoming frequen­
cy rather than toward it. Under this condi­
tion, which is of course unpredictable, the 
lock-up transient is at its worst and the 
theoretical minimum lock-up time is 'not 
achievable. We must simply wait for the 
transient to die out. 

The following expressions give the values of 
C2 and C3 which allow highest operating 
speeds for various band center frequencies. 
The minimum rate at which digital informa­
tion may be detected without information 
loss due to the turn-on transient or output 
chatter is about 10 cycles per bit, corre­
sponding'to an information transfer rate of 
f0l10 baud. 

130 
C2 =foI'F 

In cases where turn-off time can be sacri­
ficed to achieve fast turn-on, the optional 
sensitivity adjustment circuit can be used to 
move the quiescent C3 voltage lower (closer 
to the threshold voltage). However, sensitiv­
ity to beat frequencies, noise and extrane­
ous signals will be increased. 

OPTIONAL CONTROLS (Figure 3) 

The 567 has been designed so that, for most 
applications, no external adjustments are 
required. Certain applications, however, 
will be greatly facilitated if full advantage is 

~~::ss---~ 
(PIN 2) 

PIN 1 
VOLTAGE 
(AVGI 4.0 

3.6 

3.0 

NElSE567-F,N,T 

...,...-!---V+ 

3.9V 

3.8V 

3.7V 

2.5 L-.--..----r-
o 1QO 200m Vrms 
IN-BAND 
INPUT 
VOLTAGE 

Figure 2 

V+ 

Gf Gn 
DECREASE INCREASE 
SENSITIVITY SENSITIVITY 

V+ 

DECREASE 
"A "s t"ENSITIVITY 

587 1 

r-
2.5K 

INCREASE 
SENSITIVITY 

"c 
1.0K 

~7 } ~II~~~FOR 
~7 TEMPERATURE 

COMPENSATION 
(OPTIONAL) 

"::" 

Figure 3 

taken of the added control possibilities 
available through the use of additional ex­
ternal components. In the diagrams given, 
typical values are suggested where appli­
cable. For best results the resistors used, 
except where noted, should have the same 

9i!1DDtiC9 

temperature coefficient. Ideally, silicon di­
odes would be low-resistivity types, such 
as forward-biased transistor base-em miter 
junctions. However, ordinary low-voltage 
diodes should be adequate for most appli­
cations. 
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SENSITIVITY ADJUSTMENT 
(Figure 3) 
When operated as a very narrow band de­
tector (less than 8 percent), both C2 and C3 
are made quite large in order to improve 
noise and out band signal rejection. This will 
inevitably slow the response time. If, how­
ever, the output stage is biased closerto the 
threshold level, the turn-on time can be 
improved. This is accomplished by drawing 
additional current to terminal 1. Under this 
condition, the 567 will also give an output 
for lower-level signals (10mV or lower). 

By adding current to terminal 1, the output 
stage is biased further away from the 
threshold voltage. This is most useful when, 
to obtain maximum operating speed, C2 and 
C3 are made very small. Normally, frequen­
cies just outside the detection band could 
cause false outputs under this condition. By 
desensitizing the output stage, the outband 
beat notes do not feed through totheoutput 
stage. Since the input level must be some­
what greater when the output stage is made 
less sensitive, rejection of third harmonics 
or in-band harmonics (of lower frequency 
signals) is also improved. 

CHATTER PREVENTION (Figure 4) 

Chatter occurs in the output stage when C3 
is relatively small, so that the lock transient 
and the AC components at the quadrature 
phase detector (lock detector) output cause 
the output stage to move through its thresh­
old more than once. Many loads, for exam­
ple lamps and relays, will not respond to the 
chatter. However, logic may recognize the 
chatter as a series of outputs. By feeding the 
output stage output back to its input (pin 1) 
the chatter can be eliminated. Three 
schemes for doing this are given in Figure 4. 
All operate by feeding the first output step 
(either on or off) back to the input, pushing 
the input past the threshold until the tran­
sient conditions are over. It is only neces­
sary to assure that the feedback' time con­
stant is not so large as to prevent operation 
at the highest anticipated speed. Although 
chatter can always be eliminated by making 
C3 large, the feedback circuit will enable 
faster operation of the 567 by allowing C3 to 
be kept small. Note that if the feedback time 
constant is made quite large, a short burst at 
the input frequency can be stretched into a 
long output pulse. This may be useful to 

'drive, for example, stepping relays. 

DETECTION BAND CENTERING 
(OR SKEW) ADJUSTMENT 
(Figure 5) 
When it is desired to alter the location of the 
detection band (corresponding to the loop 
capture range) within the lock range, the 

600 

NElSE567-F,N,T 

>V >V +V +v 

RA 
200 TO 1K 

567 8 567 8 

At 
10K 

R,· 567 8 

~C3 10K 

-OPTIONAL - PERMITS 
LOWER VALUE OF C, 

RA 
200 TO 
lK 

Figure 4 
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o -= H~.D}\ SIUCON 

DIODES 

~7 :~:PERATURE ' 
COMPENSATION 
(OPTIONAL) 

-= 
Figure 5 

circuits shown above can be used. By mov­
ing the detection band to one edge of the 
range, for example, input signal variations 
will expand the detection band in only one 
direction. This may prove useful when a 
strong but undesirable sig nal is expected on 
one side or the other of the center freq uen­
cy. Since Rs also alters the duty cycle slight­
ly, this method may be used to obtain a 
precise duty cycle when the 567 is used as 
an oscillator. 

ALTERNATE METHOD OF 
BANDWIDTH REDUCTION 
(Figure 6) 
Although a la(ge value of C2 will reduce the 
bandwidth, it also reduces the loop damp­
ing so as to slow the circuit response time. 
This may be undesirable. Bandwidth can be 
reduced by reducing the loop gain. This 
scheme will improve damping and permit 
faster operation under narrow-band condi­
tions. Note that the reduced impedance 
level at terminal 2 will require that a larger 
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value of C2 be used for a given filter cutoff 
frequency. If more than three 567s are to be 
used, the network of Rs and Rc can be 
eliminated and the RA resistors connected 
together. A capacitor between this junction 
and ground may be required to shunt high 
frequency components. 

OUTPUT LATCHING (Figure 7) 
To latch the output on after a signal is 
received, it is necessary to provide a feed­
back resistor around the output stage (be­
tween pins 8 and 1). Pin 1 is pulled up to 
unlatch the output stage. 

REDUCTION OF C1 VALUE 
(Figure 8) 
For precision very low-frequency applica­
tions, where the value of (:, becomes large, 
an overall cost savings may be achieved by 
inserting a voltage follower between the R1 
C, junction and pin 6, so as to allow a higher 
value of R1 and a lower value of C, for a 
given frequency. 
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PROGRAMMING TYPICAL APPLICATIONS 
To change the center frequency, the value 
of Rl can be changed with a mechanical or 
solid state switch, or additional Cl capaci­
tors may be added by grounding them 
through saturating npn transistors. 

"DETECTION BAND - % of fo 

PIN2r 
567 1_ . 

r 
ReRe 

R=RA+---t Re + Rc 
f RC where RA > 10kfl 

OPTIONAL SILICON 
DIODES FOR 
TEMPERATURE 
COMPENSATION 

Adjust control for symmetry of detection band 
edges about 10 . 

Figure 6 

OUTPUT LATCHING 

+V 

-u-
UNLATCH 

567 B 

R, 
.lOa 20K 

+V 

CA prevents latch-up when power supply is turned on. 

Figure 7 

+V 

UNLATCHI 
I--j 

567 B 

R, 
20K 

9jgDOtiC9 

TOUCH-TONE@ DECODER 

+V 

Component values (Typical) 

R, 6.8 to 15K ohm 
R2 4.7K ohm 
R3 20K ohm 
C, 0.10mld 
C2 1.0mld 5V 
C3 2.2mld 6V 
C4 250 ~F 6V 

PRECISION VLF 

Rl~ 
~ 
*,C1 5741 

Figure 8 
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TYPICAL APPLICATIONS (Cont'd) 

CARRIER-CURRENT REMOTE 
CONTROL OR INTERCOM 

+5 to 15V 

80HzAC LINE t:AD 
K,~ ~~6G-::~'3 

500pF ~--i--T--~ 

1:1 R, 
2.SKn 

'0"" 100KHz 
C2 -----0 
.005 AUDIO OUT 

i C' IC3 I1F INPUT IS 0.-1 .02 FREQUENCY 
MODULATED) -= -= "':" "':'" 

DUAL-TONE DECODER 

+v 

20K 

R, 

~r:r.!':NEl o--j 
OR RECEIVER 

1/4-8886 

1. Resistor and capacitor values chosen for de~ired frequencies and bandwidth. 
2. If Ca is made large so as to delay turn-on of the top 567, decoding of sequential If> f21 

tones is possible. 
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24% BANDWIDTH TONE DECODER 

INPUT SIGNAL 
t> 100mVrms) 
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+v 
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50m VRMS ':-7 3 567 5 
SINE INPUT H2 

i I R~ ,Y [!] 
ezltc, 
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Adjust R, so that", = 90· with control midway 



TYPICAL APPLICATIONS (Cont'd) 

NOTE 

OSCILLATOR WITH 
QUADRATURE 

OUTPUT 

CONNECT PIN 3 
TO 2.8V TO 
INVERT OUTPUT ", 

PULSE GENERATOR 
WITH 25% 

DUTY CYCLE 

567 8f-

3 6 5 1 

10Kn 

", 

Application information available on request. 

OSCILLATOR WITH 
DOUBLE FREQUENCY 

OUTPUT 

567 8f-.nnnr 2f0 

2 6 5 3 

~J"I..m 
", 
'OK 

PRECISION OSCILLATOR TO 
SWITCH 100ma LOADS 

vcoo-­
TERMINAL 
I-I 

567 

", 

8-..nru 
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WITH 20n5 SWITCHING 

vco 0-
TERMINAL 
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OUTPUT 

DUTY 
CYLCE 
ADJUST 
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__ SLEW BTFIlPERATIONAL AMPLIED 

PRELIMINARY SPECIFICATION 

DESCRIPTION 
The NE/SE530 and NElSE5530 are new 
generation high slew rate operational 
amplifiers featuring 3MHz bandwidths and 
improved input parameters. The 530 is a 
single amplifier while the 5530 is a dual 
configuration. Both products will have 
industry standard pinouts. 

FEATURES 
• Output swing (±5v supplies) 8 volts p-p 

typical 
• High slew rate 35V/p.s@ unity gain 

inverting typical 
• Settling time (to 0.1%) 1p.s typical 
• Low offset voltage 2mVmax 
• Low bias current 60nAmax 
• Wide bandwidth 3MHz typical 
• Low current drain 2mA typical/amplifier 

LED DISPLAY PRIVERS 

DESCRIPTION 
The NE586 and 58? are latch/decoder/driv­
ers for ?-segment LED displays. Both de­
vices have constant current outputs, the 
NE586 being a fixed 25mA/segment drive 
capability, and the NE58?, variable between 
5 and 50mA/segment. On the NE58? the 
current is set with a Single external resistor. 
The data (BCD) inputs and LE (latch enable) 
function are low loading S"O that the devices 
are compatible with any data bus system. 

PIN CONFIGURATIONS (530) 

T PACKAGE 

OFFSET ADJUST 

INVERTING 
INPUT 

NON-INVERTING 
INPUT 

NC 

y-

N PACKAGE 

y+ 

OUTPUT 

~b~~:+08 NC 
INVE~:~~~ 2 7 V + 

NON-INVERTING 3 6 OUTPUT 
INPUT 

y- 4 5 ~~~~~~ 

PIN CONFIGURATION 

BilllotiGB 

NE/SE530-N,T • NE/SE5530-N,T 

PIN CONFIGURATIONS (5530) 

T PACKAGE 

OUTPUT A 

INVERTING 
INPUT A 

NON·INVERTING 
INPUT A 

y+ 

y-

N PACKAGE 

INVERTING 
INPUT B 

NON-INVERTING 
INPUT B 

OUTPUT A 08 Y+ 

IN~~~~;~ 2 7 OUTPUT B 

NON-INVERTING 3 6 INVERTING 
INPUT A INPUT B 

V - 4 . 5 ~~~-~N:ERTING 

NE58S 587 
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PRELIMINARY SPECIFICATION 

DESCRIPTION 
The NE590/NE591 addressable peripheral 
drivers are high current latched drivers, 
similar in function to the 9334 address de­
coder. The device hasB darlington power 
outputs, each capable of 250mA load cur­
rent. The outputs are turned on or off by 
respectively loading a logic "1" or logic "0" 
into the device data input The required 
output is defined by a 3 bit address. The 
device must be enabled by a CE input line 
which also serves the function of further 
address decoding. A common clear input, 
CLR, turns all outputs off when a logic "0" is 
applied. . 

The NE590 has B open collector darlington 
outputs which sink current to ground. The 
device is packaged in a 16 pin molded or 
cerdip package. 

The NE591 has B open emitter darlington 
outputs which source current to an external 
load from a common collector line, Vs. The 
Vs line need not necessarily be the same as 
the 5 volt Vee supply. The device is pack­
aged in an lB pin molded orcerdip package. 

DESCRIPTION 
The NE5030 is an B-bit A"to-O converter 
employing the triple-slope technique of 
conversion. The device includes a voltage 
reference and clock generator and so con­
stitutes the total conversion system with a 
minimum of components. Conversion time 
is approximately 10mS; voltage require­
ment is a single 5V supply and the data 
outputs are tri-state bus compatible. 
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FEATURES 
• 8 high current outputs 
• Low-loading bus compatible Inputs 
• Power-on clear ensures safe operation 
• NE590 will operate In addrellable or 

demultiplex mode 
• Allows random (addressed) data entry 
• Easily expandable 
• NE590 Is pin compatible with 9334. 

APPLICATIONS 
• Relay driver 
• Indicator lamp driver 
• Triac trigger 
• LED display digit driver 
• Stepper motor driver 
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PIN CONFIGURATIONS 

PIN CONFIGURATION 

CLOCK Vcc 

D7 

De 

DS 

D. 

D3 

D2 

DO 
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INTRODUCTION 
Integrated circuits are divided into three 
general categories: (1) linear, (2) digital, 
and (3) MOS. Distinctly different design and 
process techniques are used for each type. 
The main difference between linear proc­
esses and other Ie processes is their diver­
sity. While digital circuits are commonly 
restricted to low voltage switching, linear 
circuits may be fabricated with anything 
from switching to linear characteristics, 
high or low voltages, high or low frequency, 
or any combination of these properties. To 
cope with this range of applications, the 
following processes are frequently used: 

Epitaxial- 0.25 ohm-cm gold doped and 
non-gold doped 
0.5 ohm-cm gold doped 
1.0 ohm-cm Schottky and non­
Schottky 
2.50hm-cm 
5.00hm-cm 

Dielectric- 2 to 15 ohm-cm 

A" epitaxial processes are similar. The 
main difference is the resistivity of the 
deposited epitaxial layer in which the com­
ponents are formed. This provides the me­
ans of selecting higher breakdown voltages 
or lower saturations by merely selecting an 
epitaxial resistivity. 

For instance, the 5 ohm-cm process is used 
for operational amplifiers and regulators 
because it gives the 50V LVceo transistor 
breakdowns required. Since the phase lock 
loops need only 20V, and lower saturation 
voltages are desirable, the 2.5 ohm-cm 
process is used for their fabrication. 

VERTICAL PNP TRANSISTOR 

.~ 
C 

B C 

N+ N+ 

:::::::::::::::~.::::::::::: ..................... ,., 

SUBSTRATE 

Figure 1-lc 

NPN TRANSISTOR 

SUBSTRATE 

Figure 1-18 

Linear IC Processing 

EPITAXIAL 
LAYER 

LATERAL PNP TRANSISTOR 

.~ 
C 

SUBSTRATE 

Figure 1-lb 

BASE RESISTOR JUNCTION CAPACITOR 

CONTACTS CONTACTS 

SUBSTRATE SUBSTRATE 

Figure 1-ld Figure 1-le 
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Linear Ie Processing 

Transistor breakdown is not the only con­
sideration in choosing a process. I n prod­
ucts where fast switching is required, eith­
er the gold doped or Schottky processes are 
used. Gold doping is used where medium 
and high current operation is involved. 
Schottky technology is desired where lower 
currents or high transistor breakdowns are 
needed in addition to speed. Dielectric iso­
lation is used where breakdown voltages 
must be in excess of 50 volts. 

COMPONENTS 
The components commonly formed in line­
ar integrated circuits by junction isolation 
are drawn in cross section in Figure 1-1. 
Parasitic components are also shown in the 
equivalent schematics. These parasitics can 
occasionally cause "sneak" paths or fault 
conditions in the circuit. 

TRANSISTORS 
It is instructive to compare, in a general 
manner, discrete transistors with those 
manufactured in integrated circuits. The 
most important differences for npn transis­
tors are the parasitic substrate transistor 
and the top contact collector, as seen in 
Figure 1-2, 

The magnitude of the parasitic pnp beta 
depends upon the process and geometry 
used, but it ranges from about five for high­
resistivity processes to very much less than 
one for gold doped processes, The parasitic 
pnp only becomes active when the npn 
transistor goes into saturation. Normally 
such effects are not important, but in some 
circuit configurations latching effects may 
be observed. That is, a positive feedback 
path may be established which is self­
sustaining. Alternately, or perhaps coinci­
dentally, this path may cause high currents 
to flow, These potential problems are easily 
avoided with judicious layout procedures. 

The effect of the top contact is to increase 
the saturation resistance. In small signal 
devices this is not significant, but at higher 
currents (around 50. mAl this becomes an 
economic factor as the die arc must be 
increased and yields drop. This resistance is 
lowered by means of the N+ buried layer 
seen in the cross sections of Figure 1-1. 

The normal npn transistor beta for linear 
devices ranges up to 250, Occasionally 
"super beta" transistors are needed with 
betas as high as 2000. The processing steps 
involved are the same as for regular transis­
tors except for a longer emitter diffusion 
time which gives a very narrow base width 
and high beta. Care must be exercised in 
this sequence to make super beta and regu­
lar npn devices at the same time. 
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OXIDE CAPACITOR 

CONTACTS ALUMINUM 
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SUBSTRATE _ 

Figure 1-lh 

The pnptransistors in monolithic form, both 
lateral and vertical, differ from discrete 
pnps, The names 'lateral' and 'vertical' are 
derived from the mode of transistor action 
that occurs in the two components, Refer­
ring to Figure 1-1 B it can be seen that 
current flows laterally from emitter to col­
lector through the N-epitaxial area. The 
presence of the buried layer diffusion re­
duces to a comparatively low level, the 
collection by the isolation area. It is not 
eliminated entirely, however, which gives 

Si!lnotics 

rise to the parasitic diode shown in Figure 
1-3. 

The vertical pnp is similarly constructed but 
in this case the buried layer diffusion is 
omitted resulting in the isolation diffusion 
acting as the collector. The vertical current 
flow in this device gives rise to its name. 

Frequency response is the primary differ­
ence between these devices. The lateral pnp 
is restricted to frequencies below 1 to 2 MHz 
while the vertical pnp upper range is around 
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10 to 20 MHz. Another important feature of 
the lateral pnp is its comparatively low beta 
range and the low current at which beta 
peaks. In addition, the lateral pnp collector 
can be split to give multiple collector de­
vices as shown in Figure 1-4. 

This configuration can be used to give 
fairly precise values of beta by tying one of 
the collectors to the base. Figure 1-5 illus­
trates the tie back method used. 

Recent process development allows the 
addition of Schottky barrier devices to mon­
olithic design (see Figure 1-6). The advan­
tage is very fast switching circuits without 
gold doping. With this technique, the prop­
erties of non-gold doped devices are main-

tained while switching speeds are greatly 
improved. This is very desirable in devices 
containing both analog and digital circuitry 
such as voltage comparators. 

RESISTORS 
Resistors can be made from any of the n or p 
type layers. In practice the base and emitter 
diffusions are generally used. At times the 
"epilayer" (the bulk material) in the dielec­
tric isolation process is also used. The re­
quired characteristics of the resistor deter­
mine the material or processes used. The 
most commonly used is the base diffused 
resistor. Size is scaled for the value desired. 
Base pinch resistors are used where high 
values are required and the limitations of 
accuracy and breakdown are not a problem. 
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Emitter resistors are useful where low value, 
temperature insensitive resistors are 
needed. This diffusion is also often used as 
a "cross-under," that is, a low resistance 
connecting path. This can simplify layout 
design considerably. 

A new development in resistors that will 
offer great flexibility in design is the use of 
ion implantation. With this technique, resis­
tivities orders of magnitude higher and tem­
perature coefficients orders of magnitude 
lower than base diffused resistors are possi­
ble. We can expect to see this technology 
used extensively in high voltage circuits, 
low power circuits and in complex linear 
functions where die areas would otherwise 
be excessive. 

JUNCTION FIELD EFFECT 
TRANSISTORS 
The n-channel FET is fabricated in the ep­
itaxial layers and is obtained by pinching­
off the epi with isolation diffusion. Because 
of this construction, the nomenclature FET 
is something of a misnomer since the gate is 
not available as an input. Its usefulness is as 
a bias circuit starting element. It is much 
smaller in area than an equivalent value 
resistor and has a sufficiently high break­
down voltage for this purpose. 

The p-channel FET is a more useful general 
purpose device. Its most important limita­
tion is the breakdown voltage which is re­
stricted to about 5 volts. Processing of both 
field effect and super beta transistors is 
similar. Changes in the regular process 
flows is necessary for both devices. 

CAPACITORS 
Capacitors are made by using the capaci­
tance associated with the various junctions 
or by forming a thin silicon dioxide layer 
between two plates. The plates are formed 
by alumirum metalization and low resistivi­
ty emitter diffusion. 

A number of problems are associated with 
junction capacitors. They have low break­
downs for reasonable capacitance per unit 
area, the capacitors formed are polarized, 
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Figure 1-68 

and they have high leakage currents. Oxide 
capacitors are free from these problems but 
the capacitance per unit area is compara­
tively low. Junction capacitors are used 
primarily where decoupling capacitors are 
needed, while oxide capacitors are used 
where high quality is needed. 

OTHER DEVICES 
There are a number of other components 
such as SCR, SCS and Zener diodes that are 
available cOincidentally with the compo­
nents discussed above. The Zener diodes 
available are the emitter base junction and 
the emitter-isolation junction. Other junc­
tions have breakdowns that are high and 
variable so they are seldom used. 
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INTRODUCTION 
The components available for linear ICs 
were reviewed in Section 1. From that dis­
cussion it was clear that many differences 
exist between IC components and those 
available to discrete circuit design. These 
differences may be conveniently summa­
rized as: 

A. Limited resistor accuracy and values 
B. Lack of integrated inductance 
C. Small integrated capacitance values 
D. Poor PNP transistor performance 
E. Limited power dissipation 

On the other hand, linear IC designs have 
the advantages of excellent component 
matching, both active and passive; and the 
accessibility of a great number of active 
components. 

To cope with the limitations of monolithic 
circuitry, designers have evolved special 
techniques and practices, a number of 
which are detailed in this section. 

BIAS CIRCUITRY 
In discrete designs the bias circuitry is 
accomplished by high value resistor net­
works. In linear designs this is impractical 
because of the die area required. The alter­
native is to use an n-channel FET as shown 
in Figure 2-1. 

SIMPLE BIAS CIRCUIT 

+ Vee 

RI 

VB 

R2 

Figure 2-1 

Zener Vz is fed current by FET 01. The 
required bias voltage is then developed by 
the resistor divider R1 and R2. This simple 
technique can be elaborated upon if tem­
perature compensation is required. By add­
ing transistor 02 shown in Figure 2-2, the 
positive temperature coefficient of the zener 
diode is offset by the negative one of the 
forward biased emitter-base diode. 

More elaborate schemes, which include the 
maintenance of constant currents in the 

TEMPERATURE COMPENSATED BIAS 
NETWORK 

+ Vee 

RI 

VB 

R2 

Figure 2-2 

diodes, buffering the load from the source, 
and adjusting the composite temperature 
coefficient to zero, are commonly found 
where accurate references are required. 

Current sources as well as voltage sources 
can be easily obtained using similar cir­
cuitry. Both npn and pnp type current 
sources are depicted by Figure 2-3. 

NPN AND PNP CURRENT SOURCES 

+ Vee 

R' R4 

Figure 2-3 

Assuming 01-02 and 04-05 are well 
matched and of the same geometries it can 
be shown that: 

Va - VeE [va - VBE] R3 
INPN = ~ and IPNP = R1 R4 

These equations demonstrate that the cir­
cuit currents can be made independent of 
external supply voltages and temperature 
fluctuations. Circuits such as these are used 
extensively in modern operational amplifi­
ers such as the 531 and 536, where their 
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presence assu res that such parameters as 
voltage gain and offset voltage remain con­
stant with temperature and supply voltage 
variations. 

The preceding circuits are valuable for high 
and medium values of current. Low current 
values are better developed by the popular 
circuit of Figure 2-4. 

LOW VALUE CURRENT SOURCE 

Figure 2-4 

If the geometries of 01 and 02 are identical, 
the following equations hold: 

VaEI = VaE2 + INR 

kT (IB) VBEI = - In -
q Is 

kT (IN) VBE2= - In -
q IS 

INR= ~In(~) 
q IN 

Where the subscripts refer to their respec­
tive transistors, beta is high, and other sym­
bols have their standard meaning. 

This is a transcendental equation which is 
represented graphically by Figure 2-5. 

CURRENT SOURCE FAMILY CURVES 

'OO"A.~ '.·'mA ~. 'N • 1-~-Na.H500+i.ll:OOp.A 

, ,A 
R, 

~ 
50 ,A 

20l'A "'AII_ ,,. 

"A L..J....LL.LL.LJ..IJ"LlL 1.LL.L.I-U-J.IJ.,Ll.. .. -'-L.J.J......",J..U>J, ... 

Figure 2-5 
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As can be seen, it becomes possible to 
obtain very low currents with reasonable 
values of resistance. This circuit is used in 
the 592 where Ibias is set by a single resistor 
and the valve of the operating power sup­
plies. 

This principle may be extended to provide a 
particularly useful voltage reference. The 
circuit of Figure 2-6 illustrates how this is 
done. 

NON ZENER VOLTAGE REFERENCE 

Figure 2-6 

From the same considerations as before, 
the reference voltage can be shown to be: 

There are a number of interesting and useful 
properties of this circuit. Compared with a 
Zener reference, it is much less noisy and 
can be used at lower supply voltages. With 
judicious circuit implementation, the volt­
age can be controlled to about ±10% and 
low temperature coefficients can. be 
achieved. 

CURRENT SOURCE LOADS 
Using current sources for load resistors is 
another technique exploited in linear inte­
grated circuit designs. The schematics of 
Figure 2-7 show how this may be done. The 
circuit shown is the simple differential am­
plifier. Figure 2-7agives a conventional 
circuit while Figure 2-7b is an I.C. imple­
mentation using pnp current sources. 

The value of the current source as a collec­
tor load lies in its equivalancy of an extreme­
ly high resistance while occupying a very 
small die area. High stage gains are thus 
obtained in a minimum of space. Other 
advantages of the current source include 
linearity of gain versus output swing (be­
cause gain is independent of current), and 
large output swing capabilities. The active 
load circuit also has the feature ofsumming 
the gain from both output sides. The disad" 
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DIFFERENTIAL AMPLIFIER 

V+ v+ 

Conventional Design Current Source Loads 

Figure 2-7a Figure 2-7b 

vantages of the circuit in Figure 2-7b are 
that the noise in the pnp's is summed into 
the npn input noise, and the self-biasing 
scheme used in Figure 2-7b can introduce 
some added offset current if the pnp betas 
are low because pnps run at different cur­
rent levels. A change in tlie circuit which 
avoids this problem is shown in Figure 2-8. 

IMPROVED DIFFERENTIAL AMPLIFIER 

V+ 

R1 R2 

Figure 2-8 

The current imbalance between 01 and 02 
is now only: 

Where IS3 is 03 base current 
IC1 is 01 collector current 
ana /31 and {33 are betas of 01 and 03 
respectively. This imbalance is now negligi­
ble. Resistors have also been added to the 
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pnp emitters to increase the output imped­
ance and, therefore, the gain. 

Use of the pnp as a collector load can be 
extended by using multiple collector pnps 
as indicated in Figure 2-9. 

MULTIPLE COLLECTOR 
TRANSISTOR LOADS 

V+ 

Figure 2-9 

This circuit could give a voltage gain of 
many millions, which for linear amplifica­
tion would be generally impractical due to 
clipping. A practical realization would in­
corporate feedback to define gain, as shown 
in Figure 2-10, where the voltage gain is 
given by the ratio: 

Av= RF 
RE 

LEVEL SHIFTING 
The necessity for level shifting arises from 
two general requirements: 

A. Level interfacing from input to output 
B. Maintaining voltages across transistor 

collector-base junctions to avoid clip­
ping. 



The latter situation can be seen in the circuit 
of Figure 2-10, where the voltage across 01 
is limited to a VBE minus an IR drop which 
limits the voltage swing at the output. Dis­
crete designers overcome this problem with 
a liberal use of coupling and decoupling 
capacitators which are not available to line­
ar I.C. designers, unless incorporated exter­
nally. 

AMPLIFIER STAGE WITH FIXED GAIN 

V+ 

AE 

Figure 2-10 

Resistive level shifting is one method used 
in integrated circuitry. Figure 2-11 illus­
trates the actual and equivalent networks. 

The DC voltage is level shifted down from 
point A to point B through resistor R1 by the 
current of 02. The circuit AC performance 
can be analyzed by the equivalent circuit of 
Figure 2-11 b with the gain of the circuit 
being given by: 

Where 

Z2 
A1 = -­

Z1 Z2 

Z - R1 and Z2 = R2 
1 - 1 + jwR1C1 1 + jwR2C2 

Maximum gain and broad bandwidth are 
dependent upon the following relation­
ships: 

R2 » R1 and C1 »C2 

These conditions can generally be met 
since the output can be fed into an emitter 
follower with high input resistance and low 
input capacitance. R2 and C2 values would 
be in the S megohm and O.S pF range re­
spectively. These values place workable 
values of R1 and C1 at 10-20Kohms and 1S-
30pF respectively. Lower values of R1 con­
sume excessive current while lower values 
of C1 degrade the SOMHz frequency per­
formance. 
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RESISTIVE LEVEL SHIFTING 

INPUT 

R1 C1 

t--_-oOUTPUT 

Actual Circuit 

Figure 2-11a 

The disadvantages of this circuit include: 

A. Large die area for R1 and C1 
B. Limited voltage range 
C. Power consumption without gain 

A level shifter which overcomes these prob­
lems is the zener diode. A reverse biased 
transistor emitter base junction, giving a 
voltage drop of 6 to 7 volts, is commonly 
used for the zener since the voltage is in the 
range generally required. 

ZENER DIODE LEVEL 
SHIFTING 

V+ 

INPUT 

OUTPUT 

VBIAS 

Figure 2-12 

Multiples of this value can be gained by 
cascading more diodes. The benefits of this 
method are speed and small die area, while 
disadvantages include inflexibility to power 
supplies and high noise. These drawbacks 
restrict the use of this method to switching 
circuits such as comparators and sense am­
plifiers. 

A combination of these two methods pro­
vides a circuit which provides a variable 
level shift. The zener of Figure 2-13 pro­
duces a constant voltage drop which is 
modified by resistors R1 and R2. Input to 
output voltage is given by: 
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INPUT 0--.---., 

A' 
C, 

OUTPUT 

A2 
C2 

Equivalent Circuit 

Figure 2-11 b 

VARIABLE LEVEL SHIFT 

INPUT 0-_-....... --, 

D1 

Figure 2-13 

The most universally used level shifting 
technique however, uses the pnp transistor. 
The circuit of Figure 2-10 has been redrawn 
to include pnp level shifters in Figure 2-14. 

LEVEL SHIFT WITH PNP TRANSISTORS 

V+ 

OUTPUT 

Figure 2-14 
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Transistors 03 and 04 are current source 
loads as described earlier. With the addition 
of 02 the level shifting has been accom­
plished across the gain stage itself. The 
primary advantages are a large voltage 
range and power supply insensitivity. Volt­
age ranges up to the breakdown of the 
transistor are available with the additional 
advantage of voltage gain for the current 
consumed. Although not a problem in audio 
and low frequency systems. the disadvan­
tage of the pnp level shifter is lack of fre­
quency response above 1MHz. 

OUTPUT STAGES 
The design techniques for driven stages 
used in linear integrated circuits differ little 
from those of conventional designs. In 
cases where the power required is small. the 
conventional class A emitter follower is 
generally used as shown in Figure 2-15a. 

The integrated form may vary in that Re is 
generally replaced by a current source in 
the interest of smaller die size. 

Where both sink and source drive capabili­
ties are required. the nnp-pnp arrangement 
is used. As shown in Figure 2-16a driver 01 
feeds output transistors 02 and 03. 

Diodes 01 and 02 are used to bias the 
output transistors into slight quiescent con­
duction. Temperature variations make cur­
rent control difficult with this method and 
thermal runaway can result. The circuit of 
Figure 2-16b is much better from this stand­
point since the current through 04 and. 
therefore. the voltage across 04 and 05 can 
be controlled fairly well. By adjusting the 
value of R2 the current flowing through 02 
and 03 is likewise controlled. A further 
advantage of this scheme is that 04. 05 and 

622 

COMPLEMENTARY OUTPUT 
STRUCTURE 

V+ 

OUTPUT 

v-

With Diode Biasing 

Figure 2-168 

CLASS A EMITTER FOLLOWER 

INPUT 

OUTPUT 

Figure 2-158 

R2 can be placed in the same isolation tub. 

An alternative to the use of the vertical pnp 
is the compound npn-pnp circuit of Figure 
2-17. Keeping in mind the poor frequency 
and phase response of the lateral pnp. the 
loop formed from 03 and 06 has the poten­
tial danger of instability. however. 

OUTPUT 

INPUT 

v-

Transistor Biasing 

Figure 2-16b 

OUTPUT PROTECTION 

Output stages are commonly protected so 
that the maximum current available does 
not damage the device. A circuit achieving 
this is shown in Figure 2-18. 

As the output current increases the voltage 
drop across R1 rises sufficiently to turn on 
01. which in turn removes some base drive 
from 03. The output current is thus limited 
to the value specified by the IR drop of R1. 
Currents in the negative direction are like­
wise limited by R2 and 02 acting upon 04. 
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Figure 2-15b 

LATERAL PNP COMPLEMENTARY 
OUTPUT STAGE 

r------------.--O~ 

OUTPUT 

~------~--~__Ov-

Figure 2-17 

COMPLEMENTARY OUTPUT STAGE 
WITH SHORT CIRCUIT PROTECTION 

v+ 

R' 

R2 

v-

Figure 2-18 



Often times the current handled by 04 is 
large. If this is the case, the base drive at 04 
must be large to overcome low beta in the 
pnp. Hence 02 must handle large currents 
to effect output protection. For this reason 
negative current limiting is often installed at 
earlier stages of a design so that smaller 02 
collector currents are required to control 
the output. 

REACTIVE COMPONENT 
SIMULATION 
Earlier in this chapter component limita­
tions of linear IC deSign were discussed. 
These limitations restricted the values of 
resistance and capacitance in addition to 
the non existence of the inductor for linear 
design. Techniques circumventing the re­
sistor limitations, such as current source 
loads, have been covered. Methods of mu Iti­
plying capaCitance and simulating induc­
tance have also been developed for use in 
linear IC design. 

In both cases the general method is to 
incorporate the oxide capaCitors available 
into an active feedback configuration to 
synthesize the desired impedance. 

Capacitive multiplication is done using the 
circuit of Figure 2-19. The effective capaci­
tance is given by the relationship: 

Ceff= C (:~) 
Values of resistance for R1 should be as 
high as possible since the impedance ap­
pears in series with the effective capaci­
tance. 

CAPACITANCE MULTIPLIER 

R2 

R3 

RI 

~CI t 
c 

Figure 2-19 

Virtual inductors can be synthesized from 
active devices as well. With a constant cur­
rent excitation, the voltage dropped across 
an inductance increases with frequency. 
Thus an active device whose output in­
creases with frequency can be character­
ized as an inductance. The circuit of Figure 
2-20 yields such a response with the effec­
tive inductance being equal to: 

SIMULATED INDUCTOR 

Rt 

Lo--t--H --- c, 

Figure 2-20 

The 0 of this inductance depends upon R1 
being equal to R2. At this point the 0 of the 
inductor is maximum. At the same time, 
however, the positive and negative feed­
back paths of the amplifier are equal leading 
to the distinct possibility of oscillation at 
high frequencies. R1 should therefore al­
ways be slightly smaller than R2 to assure 
stable operation. 

LAYOUT CONSIDERATIONS 
Of paramount importance to the layout of a 
linear circuit is the chip size. Every possible 
effort is made to reduce ch i p size for eco­
nomic reasons. 

In general, the transition of a circuit design 
to a layout of its monolithic form is by way of 
deSign rules which give the minimum and 
maximum spacing between oxide openings 
of both the same and other diffusions. 
These rules take into account various proc­
ess parameters and tolerances. Besides 
these general rules there are some particu­
lar considerations. 

First is optimization of matching between 
similar components. This is accomplished 
by placing components as close as possible 
so that the differences due to micro-
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variations are minimized. In the case of 
transistors this means placing them in adja­
cent isolation tubs. For resistors this means 
running them parallel with identical num­
bers of corners and with identical end­
contacts. 

Another consideration is component 
matching in the presence of thermal tran­
sients. This is a common problem with 
operational amplifiers where thermal tran­
sients of the output transistors can reflect 
back to the input transistors. A layout that 
could exhibit this effect is shown in Figure 
2-21. 

As the output drives the load the power 
dissipation from output transistors 03 and 
04 cause thermal gradients across the die. 
Transistors 01 and 02 receive a thermally 
generated voltage difference of 2mV per 
degree centigrade. Since operational ampli­
fiers such as the 531 have vortage gains in 
excess of 100dB, the voltage need only be 
20-200I'V to produce output saturation. 

The layout example of Figure 2-21 would 
generate large offset voltages as well as 
make accurate gain measurements impos­
sible. The modifications required to elimi­
nate temperature variations have been illus­
trated in Figure 2-22. Here the power 
dissipating elements are situated on the die 
center line. All temperature sensitive ele­
ments, such as 01 and 02, are placed sym­
metrically about the center line. 

CHIP LAYOUT WITH 
THERMAL SYMMETRY 

§] 
------8-6-
EI 

Figure 2-22 

POOR THERMAL LAYOUT 

RL E1B 
OUTPUT 

Figure 2-21 
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Die layout is also important with respect to 
ground current feedback. A good example 
occurs when both digital and linear circuitry 
appear on the same chip, as with sense 
amplifiers; 

A functional block diagram of the sense 
amplifier with parasitic resistances R1 and 
R2 is shown in Figure 2-23. Resistors R1 and 
R2 represent.the.impedance ofthe die met­
aJization. 

PARASITIC RESISTANCE IN 
GROUND LINES 

ANALOG 

OUTPUT 

Figure 2-23 

When the TTL gate output switches large 
ground currents occur on the gate ground 
leads. This transient current flows through 
R1 and R2, raising the voltage at pOints A 
and B. These potentials can cause positive 
(or negative) feedback which can alter the 
ideal transfer curve of Figure 2-24a to that of 
Figure 2-24b. Both discontinuities and hys­
teresis are evident. 

The improved method of grounding is illus­
trated in Figure 2-25. Ground paths have 
been arranged so that currents sum only at 
the common ground pad of the die. In addi­
tion, ground metalization has been widened 
to reduce metal resistance. 

As stated earlier, minimizing die area is 
important. One of the ways this can be done 
is by placing many components in a single 
isolation area. There are dangers in dOing 
this however, due to the presence of para­
sitic components. To illustrate, the emitter 
follower circuit of Figure 2-26 will be used. 

To save space both components are dif­
fused in the same isolation tub as shown by 
Figure 2-27. The transistor collector contact 
serves the dual role of collector contact and 
reverse biasing of the resistor as required. 
Danger arises as the transistor current in­
creases. 

The voltage drop in the N-epi region be­
comes larger, eventually forward biasing 
part of the resistor. The circuit of Figure 2-
28 applies should forward biasing occur, 
adding a parasitic pnp transistor between 
the resistor and the npn transistor base. If 
the beta is high enough a regenerative loop 
occurs causing latch up. The solution lies .in 
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SENSE AMPLIFIER TRANSFER 
CURVE 

V,N 

Ideal 

Figure 2-248 

IMPROVED SENSE AMPLIFIER 
LAYOUT. 

VOUT 

., R2 

F:igure 2-25 

HYSTER.ESIS D.UE TO GROUND 
CURRENTS 

Figure 2-24b 

EMITTER FOLLOWER CIRCUIT 

v+ 

., J 
L a' r 

FIgure 2-26 

CROSS SECTIONAL OF 
EMITTER FOLLOWER CIRCUIT 

Figure 2-27 

locating the resistor out of the transistor 
.current path. 

Summary: 
The preceding two chapters have been de­
voted to a basic treatise of linear design and 
processing techniques. Although severely 
limited in depth, the knowledge presented 
should provide a great deal of insight into 
understanding linear circuits, theircapabili­
ties and limitations .. 
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INTRODUCTION 
The operational amplifier was first intro­
duced in the early 1940's. Primary usage of 
these vacuum tube forerunners of the ideal 
gain block was in computational circuits. 
They were fed back in such a way as to 
accomplish addition, subtraction, and other 
mathematical functions. 

Expensive and extremely bulky, the opera­
tional amplifier found limited use until new 
technology brought about the integrated 
version, solving both size and cost draw­
backs. 

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

THE PERFECT AMPLIFIER 
The ideal operational amplifier possesses 
several unique characteristics. Since the 
device will be used as a gain block, the ideal 
amplifier should have infinite gain. By 
definition also, the gain block should have 
an infinite input impedance in order not to 
draw any power from the driving source. 
Additionally, the output impedance would 
be zero in order to supply infinite current to 
the load being driven. These ideal defini­
tions are illustrated by the ideal amplifier 
model of Figure 3-1. 

IDEAL OPERATIONAL AMPLIFIER 

1 
Figure 3-1 

Further desirable attributes would include 
infinite bandwidth, zero offset voltage, and 
complete insensitivity to temperature, pow­
er supply variations, and common mode 
input signals. 

Keeping these parameters in mind, further 
contemplation produces two very powerful 
analysis tools. Since the input impedance is 
infinite, there will be no current flowing at 
the amplifier input nodes. In addition, when 
feedback is employed the differential input 
voltage reduces to zero. These two state­
ments are used universally as beginning 
pOints for any network analysis and will be 
explored in detail later on. 

THE PRACTICAL AMPLIFIER 
Tremendous strides have been made by 
modern technology with respect to the ideal 
amplifier. Integrated circuits are coming 
closer and closer to the ideal gain block. 
Input bias currents for instance are in the 
5pA range for FET input amplifiers while 
offset voltages have been reduced to less 
than 1mV in many cases. 

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

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

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

INPUT OFFSET VOLTAGE 
Ideal amplifiers produce 0 volts out for 0 
volts input. But, since the practical case 'is 
not perfect, there will appear a small dc 
voltage at the output even though no 
differential voltage is applied. This dc 
voltage is called the input offset voltage, 
with the majority of its magnitude, being 
generated by the differential input stage 
pictured in Figure 3-2. 

An operational amplifier's performance is in 
large part dependent upon the first stage. It 
is the very high gain of the first stage that 
amplifies small signal levels to drive remain­
ing circuitry. COincidentally, the input 
current, a function of beta, must be as small 
as possible. Collector current levels are thus 
made very low in the input stage in order to 
gain low bias currents. It is this input stage 
also which determines dc parameters such 
as Offset voltage since the amplified output 
of this stage is of sufficient voltage levels to 
eclipse most subsequent error terms added 
by the remaining circuitry. Under balanced 
conditions the collector currents of 01 and 
02 are perfectly matched, hence we may 
say: 
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DIFFERENTIAL INPUT STAGE 

v+ 

02 

v-

Figure 3-2 

Eos = Ic2RL - Ic1 RL = 0 

In practice small differences in geometries 
of the base emitter regions of 01 and 02 will 
cause Eas not to equal O. Thus, for balance 
to be restored a small dc voltage must be 
added to one VSE or 

Vos = VBE1 - VBE2 

where the VSE of the transistor is found by 

VBE= ~ In (~) 
q Is 

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

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

INPUT OFFSET VOLTAGE DRIFT 
Another related parameter to offset voltage 
is Vas drift with temperature. Present day 
amplifiers usually possess Vas drift levels in 
the range of 5p.V to 40~V per degree C. The 
magnitude of Vas drift is directly reh:lted to 
the initial offset voltage at room tempera­
ture. Amplifiers exhibiting larger initial 
offset voltages will also possess higher drift 
rates with temperature. A rule of thumb 
often applied is that the drift per degree C 
will be 3.3p.V for each millivolt of initial 
offset. Thus, for tighter control of thermal 
drift. a low offset amplifier would be se­
lected. 
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INPUT BIAS CURRENT 

Figure 3-3 

INPUT BIAS CURRENT 
Again referring to Figure 3-2, it is apparent 
that the input pins of this op amp are base 
inputs. They must, therefore, possess a dc 
current path to ground in order forthe input 
to function. Input bias current, then is 'the 
dc current required by the inputs of the 
amplifier to properly drive the first stage.' 

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

18 = 11 + 12 

2 

Bias current requirements are made as 
small as possible by using high beta input 
transistors and very low collector currents 
in the first stage. The tra.de-off for bias 
current is lower stage gain due to low 
collector current levels anc,l lower slew 
rates. The effect upon slew rate is covered 
in detail under the compensation section. 

INPUT OFFSET CURRENT 
The ideal case of the differential amplifier 
and its associated bias current does not 
possess an input offset current. Circuit 
realizations always have a small difference 
in bias currents from one input to the other, 
however. This difference is called the input 
offset current. Actual magnitudes of offset 
current are usually at least an order. of 
magnitude below the bias current. For many 
applications this offset may be ignored but 
very high gain, high input impedance 
amplifiers should possess as little los as 
possible because.1he difference in currents 
flowing across larg.e impedances develops 
substantial offset voltages. Output voltage 
offset due to los can be. calculated by 

Vout = Acl(JosRsf 

Hence, high gain and high input imped­
ances magnify directly to the output, the 
error created by offset current. Circuits 
capable of nulling the input voltage and 
current errors are available and will be 
coverec,l later in this chapter. 

INPUT OFFSET CURRENT 
DRIFT 
Of considerable importance is the temper­
ature coefficient of input offset current. 
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Even though the effects of offset are nulled 
at room temperature, the output will drift 
due to ·changes·· in offset current over 
temperature. Many popular. models now 
include a typical specification for los drift 
with values ranging in the .5nA per degree 
C area. Obviously those applications requir­
ing low input offset currents also require 
low drift with temperature. 

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

COMMON MODE RANGE 
All input structures have limitations as tothe 
range of voltages over which they will 
operate properly. This range of voltages 
impressed upon both inputs which will not 
cause the output to misbehave is called the 
common mode range. Most amplifiers 
possess commOn mode ranges of ±12 volts 
with supplies of ±15 volts. 

COMMON MODE REJECTION 
RATIO 
The ideal operational amplifier should have 
no gain for an input signal common to both 
inputs. Practical amplifiers do have some 
gain to common mode signals. The classic 
definition for common mode rejection ratio 
of an amplifier is the ratio the differential 
signal gain to the common mode signal gain 
expressed in dB as shown in equation 3-6a. 

CMRR(dB) = 20 log eolei 
eolecm 

The measurementCMRR as in 3-6a requires 
2 sets of measurements. However note that 
if eo in equation 3-6a is held constant, 
CMRR becomes: 

CMRR(dB) = 20 log ecm leo = K 
ei 

A new alternate definition of CMRR based 
on 3-6b .is the ratio of the change of input 

EFFECTS OF CMRR ON 
VOLTAGE FOLLOWER 

"'> ___ -{) EOUT 

Figure 3-4 
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offset voltage to the input common, made 
voltage change producing it. . 

Figure 3-4 illustrates the application of the 
equivalent common mode error generator 
to the voltage follower circuit. The gain .of 
the voltage follower with error contri butions 
caused by both finite gain and ·finite 
common mode rejection ratio is shown in 
equation 3-7. 

1 + 1/CMRR 

ein 1+1/A 

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

An ideal gain block was defined earlier as 
one which would provide infinite gain and 
bandwidth. Real circuits approximate infi­
nite open loop gain with low frequency 
gains in excess of 100dB. The very high 
gains achieved with present designs are 
possible only by cascading stages. Al­
though providing very high open loop gain 
the cascading of stages results in the need 
for frequency compensation in closed loop 
configurations and reduces the open loop. 

LARGE SIGNAL BANDWIDTH 
The large Signal or power bandwidth of an 
amplifier refers to its ability to provide its 
maximum output voltage swing with in­
creasing frequency, At some frequency the 
output will become slew rate limited and the 
output will begin to degrade. This point is 
defined by 

Slew Rate 
FpL= ---

271" • Eout 

where FPL is the upper power bandwidth 
frequency and Eout is the peak output swing 
of the amplifier. 

SLEW RATE 
The maximum rate of change of the output 
in response to a step input signal is termed a 
slew rate. Deviation from the ideal is caused 
by the limitation in frequency response of 
the amplifier stages and the phase compen­
sation technique used. Summing node and 
amplifiefoutput capacitances must be kept 
to a minimum to guarantee getting the 
maximum slew rate of the operational 
amplifier. Circuit board layout must also be 
of high frequency quality. Power supplies 
should be adequately bypassed at the pins, 
with both low and high frequency compo­
nents to avoid possible ringing. A selection 
of a proper .capacitor in parallel with the 
feedback reSistor may be necessary, Too 
small. a value could result in excessive 
ringing and too large a value will decrease 



frequency response. In general, the worst 
case slew rate is in the unity gain noninvert­
ing mode. Specifications of slew rate should 
always reflect this worst case condition with 
the maximum required compensation net­
work. 

AMPLIFIER SLEW RATE 
LIMITATIONS 

Figure 3-5a 

AMPLIFIER SLEW RATE 
LIMITATIONS 

EOUT 

Figure 3-5b 

FREQUENCY RESPONSE 
Distributed capacitances and transit times 
in semiconductors cause an upper frequen­
cy limit or pole for each and every gain 
stage. Monolithic pnp transistors used for 
level shifting possess poor upper frequency 
characteristics and cascaded gain stages, 
used to approach the highest gain, subtract 
from the maximum frequency response. As 
shown in Figure 3-6 the open loop frequen­
cy response of most op amps crosses unity 
gain at 10MHz. Closed loop response is 
unstable without compensation however, 
so typical unity gain frequencies are read­
justed to approximately 1 MHz by the effects 
of phase compensation. 

From Figure 3-6 it is also apparent that an 
amplifier has a trade off between gain and 
bandwidth. Higher gains are achieved atthe 
expense of bandwidth. This trade off is a 
constant figure called the gain bandwidth 
product. 

TEST METHODS 
Product testing of all integrated circuits is 
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OPEN LOOP VOLTAGE GAIN AS 
A FUNCTION OF FREQUENCY 

tion is depicted by Figure 3-9. Units may be 
classed in several categories according to 
selected parameters. Even failures may be 
classified categorically depending upon 
their mode of failure. 

,,. 
Vs=! 15V 
TA"25·C 

'" '"", 

'" '" '" '\ 
C, =30pF 

~ \ 

,,. 
,,. 
", 

,,,, 

"" \ \\ 
10-1 

'00 '00' 

Figure 3-6 

very rapid using state of the art automatic 
test equipment. Large computer controlled 
test decks test all data sheet limits in a 
matter of milliseconds. Each parameter is 
tested in a specific circuit configuration 
defi ned by the test hardware. 

Figures 3-7, 3-8, 3-10, and 3-11 illustrate the 
general test set ups commonly used to 
measureCMRR, average bias current, offset 
voltage and current and open loop gain 
respectively. In general the following pa­
rameters are tested under the following 
conditions. 

COMMON MODE REJECTION 
The test set-up for CMRR is given in Figure 
3-7. Resistor values are chosen to provide 
sufficient sensitivity and accuracy for the 
device type being tested and the voltage 
measuring equipment being used. 

The positive common mode input voltage 
within the range VCM1 is algebraically sub­
tracted from all supply voltages and from 
Vo. Then VI is measured. The most negative 
common mode voltge within the range, 
VCM2, is then subtracted from all the supply 
voltages and Vo, and VI is again measured. 
Then 

A typical simplified op amp test configura- CMRR = (R1 + R2) IR11(VCM1-VCM2)!V11- V12 

AI 
100 

R' ,,,. 
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CIRCUIT DIAGRAM USED 
FOR CMRR MEASUREMENT 

-Vee vo"ov 

All resistor values are in ohms. 

Figure 3-7 

>-"""'-0 v, 

CIRCUIT DIAGRAM USED FOR 
AVERAGE BIAS CURRENT 

MEASUREMENT 

R2 
'OK 

v, 

SAMPLE 81 HOLD 
1. SWITCH IS THROWN AT POSITION 1 
2. SWITCH IS THROWN AT POSITION 2 

All resistor values are in ohms. 

Figure 3-8 

629 



Operational Amplifiers 

630 

., 
,60 

A TYPICAL OP AMP TEST CIRCUIT 
(SIMPLIFIED) 
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CIRCUIT DIAGRAM USED FOR OFFSET 
VOLTAGE AND OFFSET CURRENT 

v, 

RS ~ 100(1 SWITCH AT POSITION 1 
RS ~ 10l(~1 SWITCH AT POSITION 2 

Vas - RlR} R2 ~VI) 

lOS VOS@10~O-~S@100Q 

All resistor values are in ohms. 

Figure 3-10 

Figure 3-9 
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R, 
'00 

CIRCUIT DIAGRAM USED FOR 
LARGE-SIGNAL OPEN LOOP GAIN 

MEASUREMENT 

50K 

+Vcc 

RL '" 
2K 

-Vee 

-=- VO, 
r 

V02 

SAMPLE & HOLD 

>--4>--0 V, 

All resistor values are in ohms. 

Figure 3-11 



This operation is equivalent to swinging 
both inputs over the full common mode 
range, and holding the output voltage 
constant, but it makes the VI measurement 
much simpler. 

BIAS CURRENT 
Bias current is measured in the configura­
tion of Figure 3-8. 

With switches at position 1 and Vo = 0 volts, 
measure V11. Move switches to position 2 
and again measure V12. Calculate IBIAS 
(average), by 

IB' = _R_l_ (~) 
Rl + R2 R3 

Rl (VI) 
IB2= Rl + R2 As 

IB' + IB2 Rl V,,- V,2 
IBIAS (avg) = --- = --- ---

2 Rl + R2 2R3 

OFFSET VOLTAGE 
Figure 3-10 is used for both offset voltage 
and current. With Vo at 0 volts and the 
switches selecting the source impedance, 
the offset voltage is measured at VI and is 
equal to 

R1V, 
VOS= Rl + R2 

OFFSET CURRENT 
Offset current is measured by calculation of 
offset voltage change with a change in 
source impedance. With switches in posi­
tion 1, measure V12. Calculate the contribu­
tion of los by 

VI2-V" 
los= ---

R3 

SIGNAL GAIN 
The signal gain of operational amplifiers is 
most commonly specified for the full output 
swing. 

This is referred to as large signal voltage 
gain and can be measured by the circuit of 
Figure 3-11. Usually specified under a 
specific load determined by RL, a signal 
equal to the maximum swing of the output 
voltage is applied to Vo in both positive and 
negative directions. Vll and VI2 are meas­
ured values of VI and and Vo = maximum 
positive and maximum negative signals 
respectively. The gain of the device under 
test then becomes 

Avo = (Rl + R2) ( Vo, - V02 ) 
Rl V" - V,2 

SLEW RATE 
Many other parameters are checked auto­
matically by similar means. Only the most 

important ones have been covered here. Of 
great interest to the designer are other 
parameters which do not necessarily carry 
minimum or maximum limits. One such 
parameter is slew rate. The configuration 
used to measure slew rate depends upon 
the intended application. Worst case condi­
tions arise in the unity gain non-inverting 
mode. 

MEASURING SLEW RATE 

FROM PULSE -.n:ERATOR 

+10V 

ov 

-10V 

50 

Figure 3-12a 

: SLEWRATE=~ 
I 
I 

(.-,t--.j 
TIME 

Figure 3-12b 

Figure 3-12 shows a typical bench set up for 
measuring the response of the output to a 
step input. The input step frequency should 
be of a frequency low enough for the output 
of the op amp to have sufficient time to slew 
from limit to limit. In addition, Vin must be 
less than absolute maximum input voltage 
and the wave form should have good rise 
and fall times. The slew rate is then 
calculated from the slope of the output 
voltage versus time or 

SR = VOU! in voltsh,s 
T 

OP AMP CURVE TRACER 
Two of the most important parameters of 
linear integrated circuits having differential 
inputs are voltage gain and input offset 
Voltage. These parameters may be read 
directly from a plot of the transfer character­
istic ofthe device. This memo will describe a 
very simple curve tracer which, when used 
with an oscilloscope, will display the 
transfer characteristic of most 8ignetics 
linear devices. 

Figure 3-13 shows the transfer characteris­
tic of a typical linear device, the 8ignetics 
531. Note that the unit saturates at approxi­
mately +12 and -12 volts and exhibits a 
linear transfer characteristic between -10 
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and +10 volts. 

From the slope of this linear portion of the 
transfer characteristic, and from the pOint 

TRANSFER CURVE OF 531 

Figure 3-13a 

EOUT (VOLTS) 
16 

12 
( 

1--+--+---+-1--1---+---+--1 E'N 
-4 -3 -2 -1 2 3 4 (MILLIVOLTS) 

-4 

VOS= 1 mV 

AVO =- .!Om~ = 5DK 

-B r I 
----12 ~ 

-16 

Figure 3-13b 

where it crosses the ein axis, the voltage 
gain and offset voltage may be determined. 
It can be seen that the voltage gain of the 
device under test, (D.U.T.l, is 50,000 and its 
input offset voltage is 1.0mV. 

A simple circuit to display the curves of 
Figure 3-13 on an oscilloscope is shown in 
Figure 3-14. A 60Hz, 44Vp-p sinewave is 
applied to the horizontal input of oscillo­
scope and an attenuated version of the 
sinewave is applied to the input of the D.U.T. 

The output of the D.U.T. drives the vertical 
input of the scope. For providing V+and V­
to the D.U.T., the tester uses two simple 
adjustable regulators, both current limited 
at 25mA. Input drive to the D.U.T. may be 
selected by means of 8-2 as shown. 

To use the curve tracer, first preset the V+ 
and V-supplies with an accurate meter. The 
supply voltages are somewhat dependent 
on ac line regulation and should be 
checked periodically. The horizontal gain of 
the scope may be set to give a convenient 
readout of the peak-to-peak D.U.T. input 
signal corresponding to the setting of 8-2. 
As some devices have two outputs, a second 
output line (vertical 2) has been provided 
for these devices. The transfer function of 
such devices will be inverted to that of 
Figure 3-13 of course. 
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Simplicity and low cost are the two major 
attributes 0.1 this tester. It is not intended to 
perform highly rigorous tests for all devices. 
It is, however, a reasonably accurate means 
of determining the gains and offset voltages 
of most amplifiers. It will in addition, 
indicate the transfer curves of comparators 
and sense amplifiers with equivalent accu­
racies. 

AMPLIFIER DESIGN 
Linear operational amplifier IC's were 
introduced soon after the appearance of the 
first digital integrated circuits. The perform­
ance of these early devices, however, left 
much to be desired until the introduction of 
the 709 device. Even with its lack of short 
circuit protection and its complicated 
compensation requirements, the 709 gained 
real acceptance for the IC op amp. The 709 
was designed using a three stage approach 
requiring both input and output stage com­
pensation. In addition the output stage was 
not short circuit proof and the input stage 
latched up under certain conditions, requir­
ing external protection. 
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Figure 3-14 

Much better designs soon were introduced. 
Among the contenders were the 741, 748, 
101, and 107 devices. All were general 
purpose devices . with single capacitor 
compensation, (some were internally com­
pensated), and all heralded input and output 
overstress protection. The basic design has 
two gain stages. By rolling off the frequency 
response of one of these, (the second stage), 
so that the overall gain is unity at a 
frequency below the point where excess 
phase becomes significant, the device can 
be stabilized for all feedback configura­
tions. Further, by making the first stage a 
voltage to current converter, with a small 
gm and the second stage a current to voltage 
converter with a high rm, the second stage 
can be rolled off at 6dB octave with a small 
value capacitor in the order of 30pF, which 
can then be built into the device itself. This 
concept is shown in Figure 3-15. 

The frequency and phase response of the 
pnp devices in the first stage dictatea roll off 
in the second stage to give a loop gain of 
unity at about 1.0MHz. For the unity gain 
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BASIC TWO STAGE OP 
AMP DESIGN 

Figure 3-15 

feedback configuration, this implies an 
open loop gain of unity at this frequency. 
The capacitor Cc controls this parameter by 
looking much smaller than rm at frequencies 
above a few cycles, giving a clean 6dB/oc­
tave roll off over 5 decades. 

The overall gain at frequencies where the 
impedance of Cc dominates rm is given by 

Av(w) = q1S1. 1 
4KT wCc 

Substituting the value given above, we find 
that a capacitance of Cc = 30pF gives a unity 
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gain frequency of about 1.0MHz. 

First stage large signal current also defines 
the slew rate for a specific compensation 
technique. It is this current which must 
charge and discharge the Cc by the expres­
sion 

SR = dV = iLS 

dT Cc 

where ILS is the largest signal current of the 
input stage. Obviously, the slew rate can be 
improved by increasing the first stage 
collector current. This would, however, 
reflect directly upon the bias current by 
increasing it. 

Two serious limitations, then, of these 
devices for diverse applications are input 
bias current and slew rate. Both may be 
overcome with small changes of the input 
structure to yield higher performance 
devices. 

Reducing the input bias current becomes a 
matter of raising the transistor beta of the 
first stage. Several current designs boasting 
very low input currents use what is termed 
super beta input devices. These transistors 
have betas of 1,500 to 7,000. Bias currents 
under 2nA can be achieved in this way. Even 
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Figure 3·16 

though the Byceo of such transistors can be 
as low as 1 volt, the lower breakdowns are 
accounted for in the input stage by rear­
ranging the bias technique. Bandwidths and 
slew rates suffer only slightly as a result of 
the lower current levels. 

Further reduction in room temperature 
input bias current can be achieved by the 
use of FET input devices. A, (slightly 
simplified), schematic of the 536 FET input 
op amp is given in Figure 3-16. 

The majority of the 741 circuitry is pre­
served with the appropriate input and bias 
structural changes made to incorporate the 
junction FETs. The biasing of 01 and 02 is 
chosen to minimize offset voltage and drift. 
The voltage across Q1 is controlled by 028, 
032. and R8 which is the same as that 
across RS via 042 and 043. The operating 
pOints of 01 and 02 are closely controlled 
by the lOss of 042 via their respective 
current sources. Offset adjustment is ac­
complished by trimming the values of R1 
and R2 externally to equalize the currents 
through 01 and 02. Figure 3-17 illustrates 
the technique required. 

FET input structures of this type can provide 
input bias. (gate leakage). currents on the 
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All resistor values are in ohms. 

Figure 3·17 

order of 5pAat room temperature. However. 
unlike the input bias currents of bipolar 
devices. the input bias current changes 
rapidly with temperature. doubling in value 
for every 10°C rise in temperature. For high 
temperatures the bias current of FETs 
becomes only about 4 times lower than 
super beta structures. 
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The 536 offers the advantages of very high 
input impedance and higher slew rate. The 
increase in slew rates for the 536 is about 6 
times that of a 741. 

The second limitation of 101-741 devices is 
slew rate. As previously mentioned, the rate 
of change is dictated by the compensation 
capacitance as charged by the large signal 
current of the first stage. By altering the 
large signal gm of the first stage as depicted 
by Figure 3-18, the slew rate can be 
dramatically increased. 

The additional current supplied during 
large signal swings by current source 14 
causes the first stage transfer function to 
change as shown in Figure 3-19. The com­
pensation capacitor is returned to the 
output of the 531 structure because the 
output driving source must be capable of 
supplying the increased current to charge 
the capacitor. 

Large signal bandwidths with this input 
structure will be essentially the same as the 
small signal response. Full bandwidth 
possibilities of this configuration are still 
limited by the beta and ft of the lateral pnp 
devices used for collector loads in the first 
stage. Even so, the slew rate of the 531 and 
538 is a factor of 40 better than general 
purpose devices. 

VOL TAGE/CURRENT CURVES OF 
FIRST STAGE 

lOUT 

531 r--

/ 741 

------"....,/=-------- V,N 

---r"/ 

" ---1 

Figure 3-19 

BASIC FEEDBACK 
THEORY 

At the beginning of this chapter the ideal op 
amp was defined. The ideal parameters are 
never fully realized but they present a very 
convenient method for the preliminary 
analysis of circuitry. So important are these 
ideal definitions thatthey are repeated here. 
The ideal amplifier possesses: 

1. Infinite gain 
2. Infinite input impedance 
3. Infinite bandwidth 
4. Zero output impedance 
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INPUT STRUCTURE OF 531 
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Figure 3-18 

From these definitions two important theo­
rems are developed: 

1. No current flows into or out of the input 
terminals. 

2. When negative feedback is applied the 
differential input voltage is reduced to 
zero. 

Keeping these rules in mind, the basic 
concept of feedback can be explored. 

VOLTAGE FOLLOWER 
Perhaps the most often used and simplest 
circuit is that of a voltage folfower. The cir­
cuit of Figure 3-20 illustrates the simplicity. 

VOLTAGE FOLLOWER 

Figure 3-20 

Applying the zero differential inputtheorem 
the voltages of pins 2 and 3 are equal and 
since pins 2 and 6 are tied together, their 
voltage is equal; hence,l;out = Ein. Trivial to 
analyze, the circuit nevertheless does 
illustrate the power of the zero differential 
voltage theorem. Because the input imped­
ance is multiplied and the output imped­
ance divided by the loop gain the voltage 
follower is extremely useful for buffering 
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voltage sources and for impedance trans­
formation. 

NON-INVERTING AMPLIFIER 
Only slightly more complicated is the non­
inverting amplifier of Figure 3-21. 

NON-INVERTING AMPLIFIER 

EOUT 

1 
Figure 3-21 

The voltage appearing at the inverting input 
is defined by 

Eout· Rin 
E2= --­

AF + Ain 

Since the differential voltage is zero, E2 = 
E3, and the output voltage becomes 

Eout= Es (1 + AF) 
Am 

It should be noted that as long as the gain of 
the closed loop is small compared to open 
loop gain, the output will be accurate, but as 
the closed loop gain approaches the open 
loop value more error will be introduced. 

The signal source is shown in Figure 3-21 in 



series with a resistor equal in size to the 
parallel combination of Rin and RF. This is 
desirable because the voltage drops due to 
bias currents to the inputs are equal and 
cancel out even over temperature. Thus 
overall performance is much improved. 

INVERTING AMPLIFIER 
By slightly rearranging the circllit of Figure 
3-21, the non-inverting amplifier is changed 
to an inverting amplifier. The circuit gain is 
found by applying both theorems; hence, 
the voltage at the inverting input is 0 and no 
currentflows into the input. Thus the follow­
ing relationships hold. 

Ein + ~ =0 
Rin RF 

Solving for the output Eo 

Eo = -Ein RF 

Rln 

INVERTING AMPLIFIER 

EOUT 

I 
Figure 3-22 

As opposed to the non-inverting circuits the 
input impedance of the inverting amplifier is 
not infinite but becomes essentially equal to 
Rin. This circuit has found widespread 
acceptance because of the ease with which 
input impedance and gain can be controlled 
to advantage, as in the case ofthe summing 
amplifier. 

COMPENSATION 
Present day operational amplifiers are 
comprised of multiple stages, each of which 
has a 3dB pOint or pole associated with it. 
Referring to Figure 3-23, the 3dB break 
pOints of a two stage amplifier are approxi­
mated by the Bode plot. 

As with any feedback loop, the op amp must 
be protected from phase shifts in excess of 
360' . A steady 180' phase sh ift is developed 
by the amplifier from output to inverting 
input. In addition the sum of all additional 
shifts due to amplifier poles or feedback 
component poles will cause the necessary 
additional 180' to sustain oscillation if the 
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Figure 3-23 

gain of the amplifier is greater than on.e for 
the frequency at which the 180' phase shift 
is reached. By adding poles and zeros to the 
amplifier response externally, the phase 
shift can be controlled to insure stability. 

Many op amps now include internal com­
pensation. These are single capacitors of 
30pF typically and the amplifier will remain 
stable for all gains. However, since they are 
unconditionally stable, the compensation is 
larger than required for most applications. 
The resultant loss of bandwidth and slew 
rate may be acceptable in the general case 
but selection of an externally compensated 
device can add a greatdeal to the amplifier 
response if the compensation is handled 
properly. 

In order to fully develop the point at which 
instability occurs a fuller understanding of 
phase response is necessary. 

The diagram of Figure 3-24 depicts the 
phase shift of a Single pole. Note that at the 
pole position the phase shift is 45' and that 
phase shift becomes 0' for a decade below 
the pole and -90' for a decade above the 
pole location. This is a Bode approximation 
which possesses a 5.7' error at o· and 90' 
but this error is usually considered small 
enough to be ignored. The single pole 
produces a maximum of 90' phase shift and 
also produces a frequency roll off of 20dB 
per decade. The addition of the second pole 
of Figure 3-25 produces an additional 90' 
phase shift and increases the role off slope 
to -40dB per decade. 

At this point phase shift could exceed 180' 
because unity gain is reached causing 
instability. For gain levels equal to A1 or 
11/,81, the phase shift is only 90' and the 
amplifier is stable. However, the gain of A2 
the phase shift is 180' and the loop is 
unstable. Gains in between A1 and A2 are 
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SINGLE POLE AMPLITUDE AND 
PHASE RESPONSE 
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AO 1----_:-1... 

0.1 fp fp 

Figure 3-24 

TWO POLE CLOSED LOOP 
RESPONSE 

IA(jwl(dB) 

Figure 3-25 

marginally stable. However, as shown in 
Figure 3-26 the phase shift as it approaches 
180' causes increasing frequency peaking 
and overshoot until sustained oscillations 
occur. 
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FREQUENCY PEAKING DUE TO 
INSUFFICIENT PHASE MARGIN 

IAI(da) 

Figure 3-26 

It is generally accepted in the interest of 
minimized frequency peaking to limit the 
phase shift of the amplifier to 1350 or a 
phase margin of 450 • At this margin the sec­
ond order response of the system is crit­
Ically damped and oscillation is prevented. 

Referring to Figure 3-27, the required com­
pensation can be determined. Given the 
open loop response of the amplifier, the 
desired gain is plotted until it intercepts the 
open loop curve as shown. 
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Figure 3-27 

The phase shift for minimum peaking is 
1350 • Remembering that phase shift is 450 

at the frequency pole the example of Figure 
3-27 will be unstable at gains less than 20dB 
where phase shift exceeds 1800 , and will 
possess excessive overshoot and ringing at 
gains less than60dB where phase shift 
exceeds 1350 • Thus, the desired compensa­
tion will move the second pole of the 
amplifier out in frequency until the closed 
loop gain intersects the open loop response 
before the second break of the amplifier 
occurs. Selecting only enough compensa-
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tion to do the job assures the maximum 
bandwidths and slew rates of the amplifier. 
Additional in-depth information on com­
pensation can be found in the reference 
material. 

FEED FORWARD 
COMPENSATION 
External compensation has been shown to 
improve amplifier bandwidth over internal 
compensation in the preceding section. 
Additional bandwidth can be realized iffeed 
forward compensation is used. Bandwidth 
is limited in monolithic design by the poor 
frequency response of the pnp level shifters 
of the first stage. 

TECHNIQUE OF FEED 
FORWARD AROUND 1st STAGE 

Figure 3-288 

FREQUENCY RESPONSE WITH 
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All resistor values are in ohms. 

Figure 3-28c 

smootlos 

The concept of feed forward compensation 
bypasses the input stage at high frequen­
cies driving the higher frequency second 
stage directly as pictured by Figure 3-28a. 
The Bode plot of Figure 3-28b shows the 
additional response .added by the feed 
forward technique used in Figure 3-28c. The 
response of the original amplifier requires 
less compensation at lower frequencies 
allowing an order of magnitude improve­
ment in bandwidth. The typical feed forward 
network for the LM301 Is shown in Figure 3-
28c with Its Bode plot in Figure 3-28b. 
Standard compensation and feed forward 
are both plotted to Illustrate the bandwidth 
improvement. Unfortunately, the use of feed 
forward compensation is restricted to the 
inverting amplifier mode. 

REFERENc:ES 
1. OPERATIO",AL AMPLIFIERS-Design & 

Applications, Jerald Graeme and Gene 
Tobey, McGraw Hill Book Company. 

APPLICATIONS 
Volumes upon volumes have been written 
describing circuits based on the operational 
amplifier. Space prohibits a lengthy discus­
sion of each application. Rather the follow­
ing pages are intended as a reference point 
from which one can digress to achieve a 
specific response. The most important 
things to remember were brought out in the 
basic feedback theory section. No applica­
tion of op amps need be terribly difficult if 
the summing point restraints are remem­
bered and applied. 

VOLTAGE FOLLOWER 
The basic configuration In Figure 3-29 has a 
gain of 1 with extremely high input imped­
ance. Setting the feedback resistor equal to 
the source impedance will cancel the effects 
of bias current if desired. 

VOLTAGE FOL.LOWER 

Figure 3-29 

However, for most applications a direct 
connection from output to input will suffice. 
Errors arise from offset voltage, common 
mode rejection ratio and gain. The circuit 
can be used with any op amp with the 
required unity gain compensation, if it is 
required. 



INVERTING AMPLIFIER 
With the inverting amplifier of Figure 3-30 
the gain can be set to any desired value 
defined by R2 divided by R1. Input imped­
ance is defined by the value of R1, and R3 
should equal the parallel combination of R1 
and R2 to cancel the effect of bias current. 
Offset voltage, offset current, and gain 
contribute most of the errors. The ground 
may be set anywhere within the common 
mode range and any op amp will provide 
satisfactory response. 

NON-INVERTING AMPLIFIER 
Gain for the non-inverting amplifier is de­
fined by the sum of R1 and R2 divided byR1. 

The amplifier does not phase invert and 
possesses high input impedance. Again the 
impedances of the two inputs should be 
equal to reduce offsets due to bias currents. 

INVERTING AMPLIFieR 

A2 

A, 

A3 

Figure 3-30 

NON-INVERTING AMPLIFIER 

R2 

A, 

(A' + A2) >-........ -0 VOUT '" VIN \-A-'-

Figure 3-31 

CURRENT TO VOLTAGE 
CONVERTER 

A' 

Figure 3-32 
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DIFFERENTIAL AMPLIFIER 

A4 

Vour= (82-e,) (~) 
R1 '" R3. 
R2" R4 

Figure 3-33 

SUMMING AMPLIFIER 

., 

Figure 3-34 

CURRENT TO VOLTAGE 
CONVERTER 
The transfer function of the current to volt­
age converter is 

Vaut = Rllin 

Evaluation of the circuit depends upon the 
virtual ground theorem developed earlier. 
The current flowing into the input must be 
the same as that flowing across R1, hence, 
the output voltage is the IR drop of R1. 

Limitations of course are output saturation 
voltage and output current capability. The 
inputs may be biased anywhere within the 
common mode range. 

DIFFERENTIAL AMPLIFIER 
This circuit of Figure 3-33 has a gain with 
respect to differential Signals of R2/R1. 

The common mode rejection is dominated 
by the accuracy of the resistors. Other 
errors arise from the offset voltage, input 
offset current, gain and common mode 
rejection. The circuit can be used with any 
op amp discussed in this chapter with the 
proper compensation. 

SUMMING AMPLIFIER 
The summing amplifier is a variation of the 
inverting amplifier. The output is the sum of 
the input voltages, each being weighed by­
RF/Rin. 

The value of R4 may be chosen to cancel the 
effects of bias current and is selected equal 

Smnotics 

to the parallel combination of RF and all the 
input resistors. 

INTEGRATOR 
Integration can be performed with a varia­
tion of the inverting amplifier by replacing 
the feedback resistor with a capacitance. 
The transfer fun?tion is defined by 

Vaut = - .2.. J Vin. dt 
RC 

a 

The gain olthe circuitfalls at 6dB per octave 
over the range in which strays and leakages 
are small. 

INTEGRATOR 
8' 

c, 

A, 

A2 

Figure 3-35 

Since the gain at dc is very high a method for 
resetting initial conditions is necessary. 
Switch S1 removes the charge on the ca­
pacitor. A relay of FET may be used in the 
practical circuit. Bias and offset currents 
and offset voltage should be low in such an 
application. 
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DIFFERENTIATOR 
The differentiator of Figure 3-36 is another 
variation of the inverting amplifier. The gain 
increases at 6dB per octave until it inter­
sects the amplifier open loop gain, then 
decreases because of the amplifier band­
width. This characteristic can lead to 
instability and high frequency noise sensi­
tivity. 

DIFFERENTIATOR 

R1 

R2 

Figure 3-36 

A more practical circuit is shown in Figure 
3-37. The gain has been reduced by R3 and 
the high frequency gain reduced by C2 
allowing better phase control and less high 
frequency noise. Compensation should be 
for unity gain. 

PRACTICAL DIFFERENTIATOR 

R1 

C2 

R3 

~ 

R2 

Figure 3-37 

AUDIO CIRCUITS 
Many audio circuits involve carefully tai­
lored frequency responses. Pre-emphasis is 
used in all recording mediums to reduce 
noise and produce flat frequency response. 
The most often used de-emphasis curves 
for broadcast and home entertainment 
systems are shown in Figure 3-38. Opera­
tional amplifiers are well suited to these 
applications because of their high gain and 
easily tailored frequency response. 

RIAA PREAMP 
The preamplifier for phono equalization is 
shown in Figure 3-39, along with the 
theoretical and actual circuit response. 
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Figure 3-38e 

Low frequency boost is provided by the 
inductance of the magnetic cartridge with 
the RC network providing the necessary 
break pOints to approximate the theoretical 
RIAA curve. 

RUMBLE FILTER 
Following the amplifier stage, rumble and 
scratch filters are often used to improve 
overall quality. Such a filter deSigned with 
op amps uses the 2 pole Butterworth 
approach and features switchable break 
pOints. With the circuit of Figure 3-40 any 
degree of filtering from fairly sharp to none 
at all is switch selectable. 

TONE CONTROL 
Tone control of audio systems involves 
altering the flat response in order to attain 
more low frequencies or more high ones 
dependent upon listener preference. The 
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NOTES 

TONE CONTROL CIRCUIT 
FOR OPERATIONAL AMPLIFIERS 

All resistor values are in ohms. 

1. Amplifier A may be a 531 or 301, Frequency compensation, 85 for unity gain non­
inverting amplifiers, must be used. 

2. Turn-over frequency-1 kHz. 
3. Bass boost+20dB at 20Hz. bass cut -20dB at 20Hz. treble boost+19dB at 20kHz. treble 

cut -19dB at 20kHz. 
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BALANCE AMPLIFIER WITH LOUDNESS 
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circuit of Figure 3-41 provides 20dB of bass 
or treble boost or cut as set by the variable 
resistance. The actual response of the 
circuit 'is shown also. 

BALANCE AND LOUDNESS 
AMPLIFIER 
Figure 3-42 shows a combination of balance 
and loudness controls. Due to the non­
linearity of the human hearing system the 
low frequencies must be boosted at low 
listening levels. Balance. level and loudness 
controls provide all the listening controls to 
produce the desired music response. 

VOLTMETER 
Figure 3-43 shows a high impedance 
voltmeter, using the 536 op amp as a non­
inverting amplifier. The ranges, up to 10V 
full scale, have extremely high input imped­
ance, (up to 5X1080), with a guard terminal 
available. The 30V and 100V scales have 30 
and 100MO input impedance. The input is 
protected against input overvoltage by the 
diodes, but the meter cannot be subjected 
to more than 50% overload. 

CAPACITANCE MULTIPLIER 
The circuit in Figure 3-44 can be used to 
simulate large capacitances using small 
value components. With the values shown 
and C = 1O"F, and effective capacitance of 
10,000"F was obtained. The Q available is 
limited by the effective series resistance. So 
R1 should be as large as practical. 

SIMULATED INDUCTOR 
With a constant current exitation, the 
voltage dropped across an inductance 
increases with frequency. Thus, an active 
device whose output increases with fre­
quency can be characterized as an induct­
ance. The circuit of Figure 3-45 yields such 
a response with the effective inductance 
being equal to: 

L = R1R2C 

The Q of this inductance depends upon R1 
being equal to R2. At the same time, 
however, the positive and negative feed­
back paths of the amplifier are equal leading 
to the distinct possibility of instability at 
high frequencies. R1 should therefore 
always be slightly smaller than R2 to assure 
stable operation. 

POWER AMPLIFIER 
For most applications, the available power 
from op amps is sufficient. There are times 
when more power handling capability is 
necessary. A simple power booster capable 
of driving moderate loads is offered in Fig­
ure 3-46. 

The circuit as 'shown uses a 741 device. 
Other amplifiers may be substituted only if 
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R1 values are changed because of the ICC 
current required by the amplifier. R1 should 
be calculated from the expression 

Rl = 600mV 
ICC 

VOL TAGE-TO-CURRENT 
CONVERTERS 
A simple voltage-to-current converter is 
shown in Figure 3-47 The current out is lout 
"'Vin/A. For negative currents, a pnp can be 
used and for better accuracy, a Darlington 
pair can be substituted for the transistor. 
With careful design, this circuit can be used 
to control currents of many amps. Unity 
gain compensation is necessary. 

The circuit in Figure 3-48 has a different 
input and will produce either polarity of 
output current. The main disadvantages are 
the error current flowing in R2, and the 
limited current available. 

ACTIVE CLAMP LIMITING 
AMPLIFIER 
The modified inverting amplifier in Figure3-
49 uses an active clamp to limit the output 
swing with precision. Allowance must be 
made for the Vbe of the transistors. The 

swing is limited by the base-emitter break­
down of the transistors. A Simple circuit 
uses two back-to-back zener diodes across 
the feedback resistor, but tends to give less 
precise limiting and cannot be easily con­
trolled. 

ABSOLUTE VALUE AMPLIFIER 
The circuit in Figure 3-50 generates a 
positive output voltage for either polarity of 
input. For positive signals, it acts as an non­
inverting amplifier and for negative Signals, 
as an inverting amplifier. The accuracy is 
poor for input voltages under 1 V, butlor less 
stringent applications, it can be effective. 

HALF WAVE RECTIFIER 
Figure 3-51 provides a circuit for accurate 
half wave rectification of the incoming 
signal. For positive Signals, the gain is 0, for 
negative signals, the gain is-1. By reversing 
both diodes, the polarity can be inverted. 
This circuit provides an accurate output, but 
the output impedance differs for the two 
input polarities and buffering may be 
needed. The output must slew through two 
diode drops when the input polarity re­
verses. This limits the accuracy for 741 type 
devices above 300Hz. The 535 device will 
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CAPACITANCE MULTIPLIER 
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Figure 3-44 

VIRTUAL INDUCTOR 

C, 

Figure 3-45 

work up to 10kHz with less than 5% distor­
tion. 

PRECISION FULL WAVE 
RECTIFIER 
The circuit in Figure 3-52 provides accurate 
full wave rectification. The output imped­
ance is low for both input polarities, and the 
errors are small at all signal levels. Note that 
the output will not sink heavy currents, 
except a small amount through the 10kO 
resistors. Therefore, the load applied 
should be referenced to ground or a 
negative voltage. Reversal of all diode 
polarities will reverse the polarity of the 
output. Since the outputs of the amplifiers 
must slew through two diode drops when 
the input polarity changes, 741 type devices 
give 5% distortion at about 300Hz. The 535 
device will give under 5% distortion up to 
10kHz in this circuit. 

CYCLIC A TO D CONVERTER 
One interesting, but, much ignored AID 
converter is the cyclic converter. This 
consists of a chain of identical stages, each 
of which senses the polarity of the input. 
The stage then subtracts Vref from the input 
and doubles the remainder if the polarity 
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VOLTAGE TO CURRENT CONVERTERS 
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Figure 3-47 

VOLTAGE TO CURRENT 
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Figure 3-48 
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wa$correct. In Figure 3-53 the' signal is full 
wave rectified and the remainder of Vin - V,ef 
is doubled. A chain ofthese stages gives the 
gray code equivalent of the input voltage in 
digitized form related to the magnitude of 
V,ef. Possessing high potential accuracy, 
the circuit using 531 devices settles 
in 51'S. 

LOGARITHMIC AMPLIFIER 
Converting an input voltage to its log 
equivalent is very useful in computational 
circuits since two inputs can be multiplied 
simply by adding their logarithms. The log 
transfer curve of a VBE junction is used in 
Figure 3-54 to achieve the transfer function. 
The 15.7kohm resistor and 1kohm thermis­
tor provide a temperature compensated 
scale factor of 1 volt per decade of input 
voltage. Low input current devices such as 
the LF356 should be used for best results. 

TRIANGLE AND SQUARE 
WAVE GENERATOR 
The circuit in Figure 3-55 will generate 
precision triangle and square waves. The 
output amplitude of the square wave is set 
by the output swing of the op amp A - 1 and 
R1/R2 sets the triangle amplitude. The 
frequency of oscillation in either case is 

f= _1_ • R2 
4RC R1 

The square wave will maintain 50% duty 
cycle even if the amplitude oftheoscillation 
is not symmetrical. 

The use of the 531 in this circuit will allow 
good square waves to be generated to quite 
high frequencies. Since the amplifier A1 
runs open loop, there is no need for com­
pensation. The triangle-generating amplifi­
er must be compensated. The 5558 device 
can be used as well, except for the lower 
frequency response. 

TWO-PHASE SINE WAVE 
OSCILLATOR 
This circuit uses a 2-pole pass Butterworth 
filter, followed by a phase shifting single 
pole stage, fed back through. a voltage 
limiter to achieve sine and cosine outputs. 
The values shown using 741 amplifiers give 
about 1.5% distortion at the sine output and 
about 3% distortion at the cosine output. By 
careful trimming of CG and/or the limiting 
network, better distortion figures are possi­
ble. The component values shown give a 
frequency of oscillation of about 2kHz. The 
values can be readily selected for other 
frequencies. The 531 should be used at 
higher frequencies to reduce distortion due 
to slew limiting. 
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FAST SAMPLE AND HOLD 
CIRCUIT 
This circuit, (referring to Figure 3-S7), 
depends upon the high slew rate of the 531. 
The operation begins as a strobe pulse 
developed from a logic input at IC2 turns on 
jFET 01. This completes the feedback loop 
to IC1 and 01 and 02. This forces the 
capacitor C1 to charge to a voltage equal to 
the input voltage plus the gate to source 
offest voltage of the MOS transistor 02. At 
the end of the strobe time, the loop is broken 
and this voltage is held by capacitorC1 until 
the time of the next strobe pulse. Using the 
MOSFET in this way minimizes greatly any 
drift or offset and results in a tracking 

. accuracy of better than .01%. The 536 could 
be used as a buffer amplifier instead, with 
some loss of speed. 

With the components shown, a 15/ls strobe 
pulse was used and the decay of the output 
voltage between samplings was measured 
at less than 1mV per second. 

VOLTAGE COMPARATOR 
Inexpensive voltage comparators with only 
modest parameters are often needed. The 
op amp is often used in this configuration 
because the high gain provides good 
selectivity. Figure 3-58 shows a circuit 
usable with most any op amp. The zener is 
selected for the output voltage required (5.1 
volt for TTL>, and the resistor provides some 
current protection to the op amp output 
structure. Vrel can be any voltage within the 
wide common mode range of the 
amplifier-another advantage of using op 
amps for comparators. If the LM101A 
devices is used as depicted by Figure 3-59 
the clamp diode may be connected to the 
compensation point directly. Clamping the 
voltage at this point does not require a 
series resistor because of the internal 
circuitry of the LM101A. 

VOLTAGE AND CURRENT 
OFFSET ADJUSTMENTS 
Many IC amplifiers include the necessary 
pin connections to provide external offset 
adjustments. Many times however, it be­
comes necessary to select a device not 
possessing external adjustments. Figures 3-
60, 3-61, and 3-62 suggest some possible 
arrangements for offset voltage adjust and 
bias current nulling circuitry. The Circuitry 
of Figure 3-62 provides sufficient current 
into the input to cancel the bias current 
requirement. Although more simplified 
arrangements are possible the addition of 
02 and 03 provide a fixed current level to 
01, thus, bias cancellation can be provided 
without regard to input voltage level. 
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CYCLIC A TO 0 CONVERTER 

644 

+Vcc 

'OK 

Figure 3-53a 

LOGARITHMIC AMPLIFIER 

" 

All resistor values are in ohms. 

Figure 3-54 

TWO-PHASE SINE WAVE 
OSCILLATOR 

All resistor values are in ohms. 

Figure 3-56 
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TRIANGLE AND SQUARE 
WAVE GENERATOR 

SQUARE WAVE 
OUT 

Figure 3-55 

FAST SAMPLE AND 
HOLD CIRCUIT 

All resistor values are in ohms. 

Figure 3-57 
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UNIVERSAL OFFSET NULL 
FOR INVERTING AMPLIFIERS 
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SELECT R2 & R3 FOR 
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THE LF 156, IMPROVED 
FET OPAMP 

Introduction 
Advanced analog processing at Signetics 
has led to the improved JFET input op 
amp. The LF156 incorporates well-matched, 
high-voltage JFET's on the same chip with 
bipolar transistors. The design gives low 
voltage and current noise and a low Ilf noise 
corner. Specific applications which can 
util ize the advanced characteristics of the 
LF156 follow: 

Applications 

A change in capacitance must cause a 
change in charge, and that charge is 
displaced into the summing pOint, which 
must be balanced by an equivalent dis­
placement of charge across the feedback 
capacitor, C" caused in turn by a change in 
the output voltage e. This circuit has the 
desirable property of being virtually inde­
pendent of shunt capacitance across the 

PIEZOELECTRIC CHARGE 
AMPLIFIER 

RL 

PIEZOELECTRIC j----"""""""'"--­
ACCELEROMETER. I I 

C1-.lC 
E 

input, since such capacitance is connected 
from the summing point to ground, and has 
across it only the residual null voltage, 
which should be negligibly low. This 
independence of input capacitance permits 
the use of long shielded cables between the 
transducer and the amp, without signifi­
cantly affecting accuracy. Leakage resist­
ance in parallel with C, must be deliberately 
sustained, in order to prevent the amplifier 
output from drifting to saturation. The 
sensitivity is inversely proportional to the 
value of C,. 

The smallest value of C, that will be large 
compared to "strays" will yield the highest 
predictable sensitivity. At the lowest fre­
quency, Xc must be small compared to RL 
and the op amp's offset current is sufficient­
ly small to prevent saturation with the 
required value of R. 
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Another application for which tne LF156 is 
well suited is the high frequency, high 
impedance active filter. An example follows: 

10 KHz BAND-PASS FILTER 

le2 R3 
O.OO1,<,F 620K 

30CK Rl 

Cl 

R2 O.OOlpF ~ 
360 I 

FREQUENCY RESPONSE 

-5 
Q=20 

-10 

-15 

-20 

-25 

-30 
-351--__ ---1 ___ -1. ___ --' 

1000 10K lOOK 1000K 

FREQUENCY (Hz) 

PHASE RESPONSE 

100 

135 

90 

1 45 

-45 \ 
-90 

-135 

-100 
1000 10K lOOK 1000K 

FREQUENCY (Hz) 

Other applications for the LF156 include: 
high impedance buffers, wideband low 
noise low drift amplifiers, precision high 
speed integrators, sample and hold circuits 
and fast 01 A and AID converters. 

SE/NE535, OP AMP 
APPLICATIONS 

Introduction 
The 535 is a new generation monolithic op 
amp which features improved input charac­
teristics. The device is compensated to 
unity gain and has a minimum guaranteed 
unity gain slew rate of 10V l,u s. This is 
achieved by employing a clamped super 
beta input stage which has lower input bias 
current. 

SLEW RATE AND SMALL 
SIGNAL TRANSIENT RESPONSE 

TEST CIRCUIT 

10k 

O.1/iF 

1 
10k 

RS 

50 

NOTE 

Pins not shown are not connected. 
All resistor values are typical and in ohms. 
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Applications 
These improved parameters can be put to 
good use in applications such as sample 
and hold circuits which require low input 
current and in voltage follower circuits 
which require high slew rates. The circuit 
that follows will yield maximum small signal 
transient response and slew rate for the 535 
at unity gain. 

It is always good practice in designing a 
system to use dual tracking regulators such 
as the Signetics 5554 to power the dual 
supply op amps. This will guarantee the 
positive and negative supply voltage will be 
equal during power up. With the 535, it is 
possible to degrade the input circuit charac­
teristics by not applying the power supplies 
simultaneously. The 535 is capable of di­
rectly replacing the 741 with higher input 
resistance which will improve such de­
signed as active filters, sample and hold, as 
well as voltage followers. 

The SE/NE535 can be used either with 
single or split power supplies. 

VOLTAGE FOLLOWER WITH 
SINGLE POWER SOURCE 

Vee 

10K 

~t--t-----1 

10K 

INVERTING AMP WITH 
SINGLE POWER SUPPLY 

"1 

10K 
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SE/NE538 APP. NOTE OFFSET ADJUST CIRCUIT 

Introduction 
The Signetics SE/NE538 is the under­
compensated version of the SE/NE535. The 
538 has a typical slew rate of 50V//ls and a 
gain bandwidth product of 6MHz. 

The internal frequency compensation is 
designed for a minimum inverting gain of 4 
and a minimum non-inverting gain of 5. 
Below these gains the 538 will be unstable 
and the 535 should be used. 

The higher slew rate of the 538 has made 
this device quite appealing for high speed 
designs and the fact that it has a standard 
pinout will allow it to be used to upgrade 
existing sytems that now use the /lA741 or 
/lA748. 

Applications 

SLEW RATE AND SMALL 
SIGNAL TRANSIENT RESPONSE 

TEST CIRCUIT 

2.SK 

10k 

"s 

50 

NOTE: 

Pins not shown are not con nected. 
All resistor values are typical and in ohms. 
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10k 

+15V 
Vee 

VEE 

O.lJ1F 

1 

V+ 

V-
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INTRODUCTION 
The wide use of integrated circuits in sys­
tems has frequently led to the power supply 
and regulator portions taking a dispropor­
tionate share of the volume of the system. 
The introduction of flexible, high perform­
ance regulator ICs such as the 550 has made 
it possible for a designerto produce a highly 
regulated power supply in a small space 
with greatly reduced design effort. 

The objective of a voltage regulator is to 
provide a constant output voltage inde­
pendent of input supply voltage, output load 
current, and temperature. In general, it is 
desirable that the regulator should limit its 
own dissipation and its output current so 
that fault conditions and overload will not 
damage the regulator or the load. 

Supply regulators contain four basic ele­
ments: a reference source, an error detec­
tor, a control device, and protection circuit­
ry. For the devices discussed here, the 
reference source is a constant voltage, the 
control device is a pass transistor, and the 
protection is primarily by current limiting. 

Because the application of voltage regula­
tors depends a great deal upon the internal 
workings of the integrated circuit, a brief 
discussion of the design is included before 
actual applications are presented. 

A schematic of the 550 is present in Figure 
4-1. For the sake of brevity this discussion 
will deal with the 550 but in most cases will 
apply also to the p.A723 device. 

THE REFERENCE SOURCE 
The 550 reference voltage is developed 
across the zener diode 02. The voltage is 
temperature compensated by the base­
emitter drops in 04, 05 and 06, in combi­
nation with the resistance divider R2-R6. 
The voltage appearing at the emitter of 05 
has a temperature coefficient of approxi­
mately +7mVlo C while that at the base of 06 
is approximately -2.3mV/oC. Thus, by 
choosing the appropriate tap on the resistor 
R2-R6, it is possible to obtain a zero 
temperature coeffient. Naturally, the actual 
value of the temperature coefficient will 
fluctuate from unit to unit, but accurate 
compensation is easier to achieve here than 
with other methods. The effective imped­
ance at this pOint is predominantly the par­
allel impedance of R2 and R6, increased by 
the diode impedances, and is typically 2k 
ohms. 

The reference circuit as it stands is not self 
starting, necessitating the addition of FET 
01, 01, 04, and 05. When there is no cur­
rent in 02,01 will feed current through 04 
and 05 into the base of 04, thus starting the 

550 REGULATOR SCHEMATIC 
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current sources. When these are operating, 
01 drops approxi mately the same voltage as 
02, so 05 has no voltage across it and it no 
longer affects the reference circuit. The 
current through 01 drives the base of 017, 
with 01 and 04 providing the correct bias 
point for the proper operation of 04 and 05. 

ERROR AMPLIFIER 
The error amplifier in the 550 is a differential 
amplifier composed of 011 and 012, with 
biasing provided by 07, 08, 09, 010 and 
013. 07 and 08 act as equal current 
sources, driven by 02, with R4 and R5 
improving the balance and output imped­
ance characteristics. The current from 07 is 
inverted in 010 and 013. 013 has twice the 
area of 01 0, so the current sink 013 is twice 
the value oflhe source 07 and 08. 09 elim­
innates the error term caused by the basic 
currents of 012 and 013. Thus, the sum of 
the emitter currents of 04 and 012 is twice 
the current in source 08. In balance, the 
current flow into the base of 014 can be 
neglected, so the collector current of 012 is 
equal to the current from 08. Ignoring the 
base current of 012, the emitter current of 
012 is half the collector current of 013, so 
011 must carry the remainder. Hence, the 
currents in 011 and 012 are equally 
matched at balance, or no error condition. 
An unbalanced condition where the base of 

r-----._----~----._------------~~~~~------------_oV+ 

0, 02 

A3 
'OK 

A2 
8.4K 

AS 
2.5K 

A, 
'K 

A4 
2K 

40K 

Figure 4-1 
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BASIC REGULATOR CONFIGURATION CURRENT LIMITING CURVES 

011 is more positive (negative) than that of 
012 will lead to an increase (decrease) of 
current in 011, a decrease (increase) of 
current in 012, and a rise (fall) of the volt­
age at the base of 014 and 015. Thus, a 
positive voltage change on the base of 011 
will lead to a higher current from VOUT, the 
emitter of 015. The effect of voltage 
changes on the base of 012 is, of course, the 
opposite. The voltage gain of the error am­
plifier is given by 

(Equation 4-1) 
AV" RC = RC1211Rc8 

2 r 2kT/qlE 
e 

This is typically 5000 at room temperature, 
rising a little at low temperature, and falling 
slightly at high temperature. High frequen­
cy stability is ensured by connecting a 
capacitor from the compensation pin to the 
inverting input, giving the amplifier a 
6dB/octave roll off. In this manner, external 
pass elements with arbitrary phase charac­
teristics at high frequency can still be com­
pensated for by rolling off the amplifier. 

The error voltage is derived by resistor 
division of the output voltage. Since the 
error amplifier inputs will seek a balance 
between them, the output voltage will attain 
a value equal to the reference voltage multi­
plied by the amplifier gain. 

The collector voltage of 012 is set by the 
nearly constant output voltage. Power sup­
ply rejection of the amplifier may be im­
proved by taking the collector of 011 to the 
constant voltage of 014 also. 

The availability of both the inverting and 
non-inverting inputs to the error amplifier 
allows the regulator to be used in a wide 
variety of applications. 
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In some applications where the output is fed 
back to the non-inverting input, a non­
destructive latch-up can occur in 011. By 
feeding current into the compensation pin 
through a diode this phenomenon can be 
avoided. Those applications requiring the 
additional diode are shown with the neces­
sary connections. 

CONTROL DEVICE 
The control element is formed by the pass 
transistor Darlington pair 014-Q15. The 
ultimate current capability of this pair is very 
high, but the usable current is restricted by 
packaging and assembly limitations to 
about 200mA. In general, power dissipation 
factors lead to more severe limitations, and 
applications requiring currents in excess of 
SOmA are best handled with external pass 
transistors. To this end, the collector of 015 
is brought out separately, allowing an ex­
tended range of pass transistor connections 
to be utilized. These are discussed in the 
applications sections. 

PROTECTION CIRCUITRY 
Up to this point the design discussions have 
applied both to the 550 and J,tA723 devices. 
The short circuit protection sections differ 
slightly. Therefore, the following discussion 
will not necessarily apply to the J,tA723. 

Isolating the regulator from the load during 
periods of overload is the function of 016 
and 018. These two transistors are ar­
ranged to form an SCS device. 

Figure 4-2 shows the basic positive voltage 
regulator configuration. The sense resistor 
RSC is connected between emitter and base 
of 016. When load current increases to such 
a value as to turn on 016 the SCS device 

SmnotiCs 

Figure 4-2b 

turns on removing the 120J,tA base drive 
provided by 08 to 014, thus isolating the 
load. 

After the SCS turns on, 016 need only 
provide the small base current required by 
018 to sustain current limiting. The cur­
rent at which current limiting occurs is given 
by: 

(Equation 4-2) 

Ise = Vsense 
RSC 

where Isc is the short circuit current and 
Vsense is the VSE of 016. 

Since the VSE of 016 falls with increasing 
temperature the short circuit also falls, a 
desirable trait. 

The advantage of incorporating the SCS 
device for current limiting lies in foldback 
limiting the output. That is, the output cur­
rent under overload conditions drops to a 
value far below the peak load current capa­
bility. This is essential in high current regu­
lators to protect the regulator from exces­
sive power dissipation. The technique of 
foldback limiting and the resultant locus are 
illustrated by Figure 4-3. In normal opera­
tion of the circuit no current is sourced, but 
when shut down, a current 

(Equation 4-3) 

ICL ~ 108 • hFEL I 11+hFELI 

is sourced. Bypassing this current through a 
resistor RFS as in Figure 4-3, a portion, 
(lCLRFS), of the Vsense shutdown voltage can 
be generated regardless of current in Rsc, 
once the device is shut down. 

Thus, when 016 - 018 are conducting the 
major portion of 108, the shutdown condi-
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FOLD BACK CURRENT LIMITING FOLDBACK CURRENT LIMITED OUTPUT 
VOLTAGE AS A FUNCTION OF 

OUTPUT CURRENT 

VOUT 1-...... -_-..., 
CF. ~ 
.01 j.lF RSC g 10 

Z 
CL 

Figure 4-3a 

tion changes from equation 4-3 to, (ignoring 
small terms), 

(Equation 4-4) 

IscRsc + ICL • RFS = Vsens• 

Thus, the actual short circuit current can be 
much less than the peak load current given 
by equation 4-2. The load current-voltage 
characteristics of Figure 4-3 are shown in 
the curve for various values of RFB. 

Since the input impedance of the CL termi­
nal is negative over some range of voltages, 
it is normally necessary to by-pass RFB with 
a capacitor to maintain stability if operation 
in this range is desired. A value of 0.01 p.F is 
generally satisfactory. 

By increasing RFB to such a value that RFB. 
ICL > V.ense, the circuit will shut down com­
pletely under overload, and not come back 
into operation unless the voltage between 
the CL and Cs terminals is reduced below 
Vsense by some external means. In general, 
this is most useful in remote shutdown 
applications discussed later. 

The final feature available in the dual in-line 
package versions of the 550 and the p.A723 
is the zener diode D3 between VOUT and Vz, 
(the Vz output is not available in the L 
package since there are insufficient pinsl. 
This diode is useful in certain applications 
such as negative regulators, where it is 
desirable forthe output of the amplifier to be 
level shifted to a point more negative that 
You! is permitted to go (+2V referred to V-I. 
The Zener voltage is typically S.4V. The use 
of this feature is discussed in the next.sec­
tion. 

APPLICATIONS 
Designing basic voltage regulators with 
high performance IC regulators is relatively 

REGULATED 
OUTPUT 

, , 

straightforward. Each functional block of 
the regulator should be considered as to its 
contribution to the system. Basic regulation 
of an output voltage is achieved by multiply­
ing a reference voltage by the gain of an 
amplifier. Thus, the error amplifier may be 
treated as an operational amplifier where 
the 'virtual ground' and 'zero differential 
voltage' statements developed in section 
three apply. The reference voltage is ap­
plied to the positive input and a sample of 
the output voltage is fed back to the nega­
tive input via a resistor divider network. 
Since the junction of R1 and R2 in Figure 4-3 
will equal the reference voltage (zero differ­
ential rule), the output will be set by the ratio 
of the resistors. Specifically the output volt­
age becomes: 

(Equation 4-5) 

Rl + R2 
VOUT = VREFR2 

Each input to the error amplifier requires a 
small bias current of typically 1 p.A. Since 
these currents will be flowing through the 
input impedances to the amplifier it is possi­
ble to generate an error voltage if the imped­
ances to the amplifier are not equal. In 
addition temperature changes will cause 
fluctuations in bias current causing the 
output voltage to drift. Thus, the final design 
should provide a match of the input imped­
ances both to improve accuracy and 
temperature stability of the output voltage. 
The effective impedance of the internal 
reference voltage of the 550 is 2kohm. 
Therefore for best temperature stability the 
parallel combination of R1 and R2 should be 
2kohm. 

Rs = 2k = Rl • R2 
Rl +R2 
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(Equation 4-S) 
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Figure 4-3b 

The design of the regulator should satisfy 
both equation 4-5 and equation 4-S simul­
taneously. Solving both leads to equations 
4-7 and 4-8 which express the resistor val­
ues as a function of output voltage. 

R2 = 2000VOUT OHMS 
VOUT-VREF 

(Equation 4-8) 

Rl = 2000VOUT OHMS 
VREF 

(Equation 4-7) 

Having determined the required resistor 
values, the designer may find that they are 
not readily available in standard values and 
some adjustments are necessary. Such 
changes should maintain the ratio: 

VOUT _ Rl + R2 
ViN"-~ 

(Equation 4-9) 

The reference voltage of the 550 is 1.S3 volts 
typically, with a spread of 1.53 volts mini­
mum to 1.73 volts maximum. This variation 
from unit to unit may require that some 
portion of R1 or R2 be made adjustable for 
exact output voltage trimming. 

PASS TRANSISTOR CIRCUITS 
The next major subject concerns the use of 
external pass transistor options. These can 
readily extend the usable output current 
range of the regulator to many amps and 
reduce power dissipation in the IC as well. 
In this way, thermal effects, (discussed later 
in detai/), are minimized. 

The simplest circuit is that shown in Figure 
4-4. Here, the internal Darlington pass tran­
sistor configuration is extended to a triplet 
by the external npn transistor. For further 
extension, this external device can be a 
Darlington, extending the string to a quad. 
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USE OF EXTERNAL NPN 
PASS TRANSISTOR 

USE OF PNP PASS TRANSISTOR 

v+ 
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N.I. 

v-
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Figure 4-4 
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OUTPUT 

ALL RESISTOR VALUES ARE IN OHMS 

Figure 4-5 

REGULATED 
OUTPUT 

USE OF PNP-NPN PASS TRANSISTOR OVERLOAD PROTECTION OF THE 
INTEGRATED CIRCUIT AND THE 

PASS TRANSISTORS 

v+ Vc 

VOUTI-........ -.-.. 

ASC 
CL 

550 

csl---~ 

A, 

ALL RESISTOR VALUES ARE IN OHMS 

Figure 4-6 

Th is arrangement has the merit of economy, 
since npn power transistors are generally 
cheaper than pnp, but has the disadvantage 
that the minimum differential voltage be­
tween input and output is increased by the 
VBEs of the external transistors. The load 
regulation is also somewhat degraded since 
the error amplifier gain is finite and the VBE 
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REGULATED 
OUTPUT 

v+ 

550 

A, 

REGULATED 
OUTPUT 

All resistor values are i.n ohms 

drops of the external transistors is a func­
tion of load current. 

An alternative circuit avoiding the disadvan­
tages mentioned above is shown in Figure 
4-5. This circuit uses the pnp transistor 
whose base drive is obtained from the Vc 
terminal. 

S(gDOliCS 

Figure 4-7 

The resistor R3is used to ensure 01 turns 
off under no load conditions, avoiding the 
excessiv'e buildup of leakage current that 
can sometimes occur at high temperature. 
The effect of 01 is to multiply the hFE of the 
output transistor in the IC, without increas­
ing the VBE, hence this circuit optimizes the 
load regulation also. Once again, this device 



can be replaced by a Darlington pair, butthe 
VSE buildup begins to affect the differential 
voltage limit. The best arrangement is that 
shown in Figure 4-B. The npn pass transistor 
is driven from a pnp device to enhance beta. 
Thus, large output currents are gained with­
out sacrificing minimum input to output 
voltage differential. 

The short circuit and overload protection 
techniques discussed later can all be ap­
plied to these pass transistor circuits. The 
currents can be scaled by altering the value 
of Rsc. 

This will protect the entire regulator against 
overload but will not protect the IC from 
pass transistor failure. The limit is set at 
several amperes - enoug h to destroy the I C 
- should the transistor fail. Protection from 
such failure can be provided by the circuit of 
Figure 4-7. 

RSCI performs the main short circuit protec­
tion, but Rsc21imits the IC output currentto 
a safe value if the pass transistors fail. The 
normal voltage drop in RSC2 should be small 
compared with the voltage drop in RSCI. 
This circuit may be modified to include all 
the protection techniques discussed next. 

OVERLOAD PROTECTION 
The simple short circuit protection arrange­
ment of Figure 4-2A gives the typical output 
characteristic illustrated in 4-28. This 
shows the variation of limit current with 
temperature and the sharp knee between 
the constant voltage and constant current 
regions. Adequate for most applications, 

MODIFIED SHORT 
CIRCUIT PROTECTION 

this method has the benefit of simplicity. 
The value of the short circuit resistor Rsc is 
given by: 

(Equation 4-10> 

tsc ~ Vsense 
Rsc 

Many variations of the basic circuit exist. 
Since the regulator is shut down when the 
voltage difference between CL and Cs 
reaches Vsense, a set of resistors to achieve 
limiting or a locus other than that given by 
equation 4-10 can be chosen. For instance, 
it might be beneficial to limit one supply to a 
lower cu rrent level than another. 

The arrangement of Figure 4-S produces a 
limit relationship 

(Equation 4-11) 

tURSCl + tL2 (RSCI + RSC2) < Vsense 

This allows a higher limit on output 1 
[Vsense/RsCl if I L2=0) than on output 2 
[VsenseiRSCl + RSC2) if III = O),but protects 
both outputs to less than these limits if the 
other is carrying current. The price paid is 
that only one output can be well regulated. 
The other output has an effective output im­
pedance derived from the Rsc's. If output 1 
is stabilized (by tying R1 to it), then the 
output impedance of output 2 will be RSC2 
higher; if output 2 is stabilized, then output 1 
has a low output impedance, but a high 
mutual impedance from the load current IL2. 

In general, any linear combination of load 
currents and input or output voltages can be 
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used to set the overload operating condi­
tions. In extreme cases the use of an op-amp 
summing amplifier to drive CL or Cs could 
be considered. However, the Simple limit 
scheme depicted in Figures 4-2 and 4-3 is 
adequate to cover most cases. 

FOLD BACK CURRENT LIMITING 
The primary limitation on the use of the 
Simple protection of Figure 4-2 arises from 
the power dissipation under short circuit 
conditions. The power dissipation allowed 
depends on the package type. For sim­
plicity, we will discuss the L package (10 
lead T05) values, but the other package 
limits can be substituted readily. At ambient 
temperatures below 30°C, this limit is 
SOOmW, giVing a junction-to-ambient 
temperature difference in the neighborhood 
of 120°C. Above this temperature, derating 
at B.SmW/o C, we find at an ambient of 50° C, 
BSOmW, at 75°C, 510mW, at100°C,300mW, 
and at 125°C, 170mW. 

Clearly, under short circuit output condi­
tions, the dissipation becomes the product 
of the full input voltage and the short circuit 
current. Consider a device with 20VIN, 
15VoUT, and BOmA current limit, operating 
at ambient temperature of TA = 25°C. The 

. standby current will be assumed to be 2mA 
or a dissipation of 40mW. The pass transis­
tor dissipation just before overload is 5V at 
BOmA, or 300mW, for a total of 340mW, well 
within ratings. But under short circuit con­
ditions, the initial pass transistor dissipation 
is 20V at BOmA, or 1.2W (a total of 1.24W), in 
excess of the allowed ratings. If the 340mW 
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dissipation is maintained to reach equilibri­
um, the junction temperature will rise to 
about 75' C, and the short circuit current 
will fall to about 52mA, so the short circuit 
dissipation is then 1.08W, still in excess of 
ratings. Eventually, the junction tempera­
ture will reach 150' C, where the short circuit 
current will be about 37mA, and the total 
dissipation about 800mW, just acceptable at 
an ambient temperature of 25'C. High am­
bient temperature will degrade the situa­
tion. Taking a worst case situation, with VIN 
= 40V, TA = 125'C, and I standby=2.0mA, 
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the allowable package dissipation is 
170mW, of which 80mW is taken by standby 
current, leaving 90mW for the pass device. 
Thus, the short circuit current must not 
exceed 2.2mA. However, with Your at 35V, 
the allowable output current is 18mA. The 
same problem arises in circuits using pass 
transistors, except that the dissipation is 
transferred to the pass transistor itself. 

The solution to this problem is found in 
foldback current limiting circuits. The 550 
device is particularly well suited to this type 

SmDotiCS 

VOUT 1---._ .... ~~~~~~TEO 

1-_--11--0 REMOTE 
SIGNAL 

Figure 4-10 

of circuit. The basic 550 fold back circuit is 
shown in Figure 4-3. The internal operation 
of this circuit was described earlier and will 
not be repeated here. The cu rrent that can 
be drawn without significant drop in Your' 
called the knee current, Uknee), can be con­
siderably greater than the short-circuited 
output current, in this case called the fold­
back current, Isc. The equations controlling 
the currents are, for I knee, 

I knee = V s.nse/Rsc 

and for Isc, 

IsC = (V •• ns• - ICLRFBl/Rsc 

(Equation 4-12) 

(Equation 4-13) 

= (Va.ns. - RFB • 1251'Al/Rsc 

where ICL is 125/LA. 

The primary disadvantage of this scheme is 
that for certain load lines the circuit will not 
start. Large capacitive loads may trigger the 
fold back circuit causing the regulator to 
prematurely shut down. Momentary over­
loads such as start up may have to be 
tolerated in this case by shorting out Asc 
until the capacitance has charged. The ad­
vantage of this circuit is that the dissipation 
under all types of overload is markedly 
reduced and by careful design, the knee 
current can be set at the dissipation limit 
value without exceeding this limit under 
overload. 

An alternative circuit, with advantages and 
disadvantages of its own, is shown in Figure 
4-9. This circuit can be used with the 550 
and the /LA723 devices, and is basically a 
variant of the "linear combination of voltage 
and current" type. 



Here, the combination is of load current and 
output voltage, such that 

(Equation 4-14) 

V,en,e = [VOUT + Iknee • Rsc] r ~J 
LR3+R4 

- VOUT + lelR3 

(where lei"" 1251lA for the 550> 

Solving for Iknee we find 

Iknee 

(Equation 4-15) 

IR3 + R41 IV,en,e - lelR3) + VouTR3 
R,eR4 

The short circuit current is less than the full 
load or "knee" current and is described by 

(Equation 4-161 

I _ IR3 + R4) IV,en,e - lelR3) 
,e - RscR4 

The parallel combination of R3 and R4 form 
a feedback resistor so the impedance 
should be less than 1 kohm. Values larger 
than 1 kohm cause the inherent foldback 
characteristic of the 550 to latch back 
before assuming the linear load line of Fig­
ure 4-S. 

Ignoring small quantities the resistor values 
of R3 and R4 are selected from the ratio 

R4 
R3 

IVOUT l,cI _ 1 
V,ens. IIknee - I,e) 

(Equation 4-17) 

A design example is included here to illus­
trate the design procedure. 

Design Example 
18 Volt Input 
10 Volts Output @ 1 Amp 
Foldback Current Limiting 

Step 1 Compute minimum short circuit 
with I knee = 1 amp by 

~> 2Vsens• >~> 113mA 
Iknee vsense + VOUT 10.6 

Step 2 Select Ise at 150mA 

Step 3 Calculate R3!R4 ratio by 

R4 
R3 

VOUTlIse) _ 1 
Vsense(lknee - lsc) 

=~-1=2.94 
.61.8501 

Step 4 Because R3 in parallel with R4 must 
be less than 1 kohm select R3 at 1 k. Thus, R4 
becomes 2.S4K. Rounding to standard val­
ues select R3 = 1 K and R4 = 3K. 

Step 5 Calculate Rse by 

Rse = IR3 + R4) IVsense - lelR3) + VouTR3 
IkneeR4 

(4) 1.475) + 10 
3 

3.960 

Step 6 Select standard value of Rse =4 ohms 

Step 7 Recalculate Iknee using the selected 
standard values. 

IR3 + R4) IVsen,e - lelR3) + VouTR3 
Iknee = ----c:..:...cR='s'-e-=R"'"4-----

(4) 1.475) + 10 
4.3 

.991 amp 

Step 8 Recalculate Ise using selected values 

IR3 + R4) IV,en,. - lelR3) 
Ise = R,eR4 

= (4) 1.475) = 158mA 
12 

Figure 4-Sa illustrates the final regulator 
arrangement with the shut down locus given 
by Figure 4-Sb. Excellent alignment of cal­
culated and measured results was obtained. 
The foldback characteristic is of the type 
shown in Figure 4-Sb and should be con­
trasted with that of Figure 4-3. 

Two distinct disadvantages of this circuit 
are readily apparent. First, the voltage drop 
across Rse becomes large and adds directly 
to the minimum differential voltage required 
between V,N and VOUT. This in turn causes 
excessive power consumption in the regula­
tor since the power dissipated by the pass 
transistor is equal to the input-output volt­
age differential multiplied by the peak load 
current. 

Secondly, since Rse is larger than normal, 
and must handle all load current, its wattage 
must be increased. It should be noted that 
load regulation will be adversely affected as 
well. 

With these disadvantages in mind, large 
peak current regulators are usually best 
protected by the foldback characteristic 
shown by Figure 4-3. This circuit is advan­
tageous because Rse is small and therefore 
affects load regulation to a smaller degree 
and the latch back characteristic instantly 
switches the regulator from an overload 
condition back into one of safe power dissi­
pation. 

REMOTE SHUTDOWN 
Quite often, especially in large systems, a 
circuit failure or alarm may be required to 
remove power from the main system. Re­
mote control of the 550 is relatively easy as 
shown in Figure 4-10. A current injected into 
Rx sufficient to develop Vsense across Rx will 
shut down. the regulator. 

Note that for the 550 if lei • Rx is greater than 
Vsense (lei = 1251lA), the regulator will latch in 
the shut down mode until Rx is sufficiently 
reduced. This action can be beneficial in 
avoiding the requirement for an external 
latch should the initial remote command be 
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removed when the supply shuts down. Use 
of this technique will be discussed in more 
detail later. 

A remote control circuit which retains any of 
the current limiting protection schemes so 
far discussed and adds control via a stand­
ard TTL logic level is shown in Figure 4-11. 
The gate listed in the figure is a suitable 
open collector gate with high voltage break­
down. 

Selection of any other open collector gate 
should be based upon a breakdown at least 
2 volts higher than the maximum VOUT and 
with output leakage well below 50IlA. 

Naturally, no gate inputs or other loads 
should be tied to the line, but any numberof 
gates meeting the above needs in total may 
be used in a wired-OR configuration. Tri­
state outputs may not be used. Note that if 
the normal VOUT is high, the load capaci­
tance may be discharged through the re­
verse emitter base diodes of the pass tran­
sistors and the gate. This current can be 
limited. by a series resistor not to exceed 2 
kohms. Remote shut down is especially 
useful to ensure turn off of multiple supplies 
if anyone supply becomes overloaded. 

A schematic showing one possible tech­
nique for doing this is shown in Figure4-12, 
where the use of open collector AND gates 
gives a simple logic structure. The diodes 
are not needed for supplies not exceeding 
the Vee logic level, and it has been assumed 
that each supply has a load adequate to turn 
on the gate input. 

The string may be reset by shutting down 
the Vee supply to the gates, which must be 
separate from the string of controlled sup­
plies. 

Another circuit technique giving linked 
shutdown of regulators is given in the Non­
Basic Configurations Section, (Figures 4-17 
and 4-181. 

Figure 4-13 shows another use of the latch 
capability of the 550 regulator in a remote 
latching shutdown regulator. The circuit is 
operated by TTL gates, with separate inputs 
for shutdown and unlatch (or resell. In nor­
mal operation, the shutdown line is high, so 
the output of the shutdown gate is low, and 
regardless of the state of the unlatch gate, 
VOUT is set at the normal level. 

If the unlatch input is low, and the shutdown 
input goes low, the CL input will be pulled 
up by R3 (and R4 if needed), the regulator 
will shut down, and the current sourced from 
the CL terminal will latch the regulator 
shutdown, even after the shutdown line 
goes high again, while the unlatch input 
remains low. When the unlatch line goes 
high, the sourced current is taken through 
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REMOTE SLAVING OF MULTIPLE SUPPLIES 
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Figure 4-13 

the unlatched gate, the CL terminal drops 
belowVsense, and the regulator resets. The 
figure lists some suitable gates, but any 
open collector gate can be used for the 
unlatch gate, and any gate at all for the 
shutdown gate. If an active pullup gate is 
used in the latter position, R4 may be omit­
ted. Using 8T90 gates, a pulse width into the 
shutdown input of 50ns was found adequate 
to ensure latched shutdown, although the 
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~ NJ. 
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R2 

R1 X R2 ""R17R2 = 2kO for minimum temperature drift 

All resistor values are in ohms 

regulator output in the configuration tested 
did not decay fully until more than 11's after 
the pulse. Since this circuit uses the internal 
shutdown components, additional short cir­
cuit protection would require an externl:jl 
transistor, connected to the compensation 
terminal. This basic arrangement can also 
be \.Ised with MOS logic driving the CL input, 
although diode gating will normally be 
needed to ensure correct operation. 

9iDDotiC9 

Figure 4-14 

NON-BASIC CONFIGURATIONS 
All the circuits discussed so far have been 
variations on the basic positive voltage reg­
ulator. There are many other circuit config­
urations that can be used, however, includ­
ing negative voltage regulators, floating 
regulators (for voltages exceeding the maxi­
mum voltage ratings) and switching regula­
tors for highly efficient regulation. Many of 
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NEGATIVE REGULATOR (LESS THAN -8.5 VOLTS) PROVIDING NEGATIVE 
REGULATOR OVERLOAD PROTECTION 
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Figure 4-15 

All resistor values are in ohms 

the pass transistor and overload protection 
circuits discussed in the previous section 
are applicable to these configurations also. 

NEGATIVE REGULATORS 
The basic negative voltage regulator cir­
cuits are shown in Figure 4-14. 

Note that for units not having the Vz termi­
nal (those in 10 pin packages) an external 
6.2V Zener can be used. 

The inverting and non-inverting input con­
nections are reversed, and the pass transis­
tor 01 acts as a level shifted emitter follower 
from Your to drive the output. The regulator 
is driven from its own output, so the line 
regulation is excellent, the load regulation is 
controlled by the hFE of 01 and the load 

All resistor values are in ohms 

CASCADING REGULATORS 

SECOND 
LEVEL 
REG. OUTPUT 

"sc 

Figure 4-17 

"sc 

regulation of the IC. R3 must be of sufficient 
value to drive the maximum load current 
through 01 at the minimum input voltage, 
and large enough not to draw more than 
10mA through the internal Zener (the Vz 
terminal) at minimum load and maximum 
VIN. This places a lower limit on the hFE of 
01, which for large currents may need to be 
a Darlington pair or equivalent. 

The supply voltage for the regulator is de­
rived from the output voltage. For this rea­
son the output voltage available is limited to 
values more negative than -8.5 volts. 

A circuit such as in Figure 4-15 overcomes 
this limitation but assumes the presence of a 
positive supply. This is usually acceptable 
since the majority of negative regulator 
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requirements arise from the need for sym­
metrical positive and negative voltages. 

The diode and resistor frequently shown in 
negative regulator applications is necessary 
to avoid a possible forward base-collector 
bias on 012 of Figure 4-1. Should forward 
base-collector bias occur, the regulator will 
latch up preventing regulation at initial pow­
er up. The diode can be a small signal type 
with a forward current of 100j.LA. Diode 
current flows only during initial turn on and 
sees approximately two volts reverse bias 
under normal operation. The resistor 
should be of sufficient value to allow ap­
proximately 100j.LA to flow into the Your 
terminal. 

Short circuit protection of negative regula-
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Figure 4-18 

tors cannot be implemented with the cir­
cuits previously described because of the 
Inversion of the error amplifier inputs. 

Protection can be provided with the addi­
tion of a transistor as illustrated by Figure 4-
16. Note that the saturation voltage of 02 at 
the maximum current through R5 must be 
less than the VBE of 01. Other components 
are not critical. 

FLOATING REGULATORS 
SO far only output voltages less than the 40 
volt maximum ratings o,f the 550 have been 
covered. The maximum voltage limitation 
can be overcome by using floating regulator 
techniques. 

The limits on VIN can be overcome by using 
a preregulator to feed the V+ and Vc lines, 
but the Your limitation requires greater 
sophistication. The circuits of Figures 4-18 
and 4-19 show two techniques that can be 
used to give output voltages well outside the 
range of the IC device. 

In both circuits, R3 and CR1 provide a low 
voltage supply to preregulate the input volt-
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age to a level within the IC ratings. The 
circuits of Figure 4-18 connects the internal 
pass transistor in the grounded emitter con­
figuration through the 6.2 volt zener Vz with 
overload protection provided by R5. Cas­
caded into the pass transistor is the high 
voltage transistor 01 which provides level 
translation and voltage control to 02, the 
pass transistor. 

Short circultprotection can be arranged by 
removing base drive from 02 is desired. 

SWITCHING REGULATORS 

Up to this point only series dissipative regu­
lators have been discussed. All circuits pre­
sented thus far have the disadvantage of low 
efficiency. By definition these regulators 
must dissipate the power difference be­
tween input and output voltage and the load 
cu rrent such that· 

(Equation 4-18) 

Po = IL MN - Your) 

This is in addition to the standby power 
dissipation of the regulator circuit itself. 

9(gnotic9 

I 
~~Dl :Cl 

':' 

Figure 4-20 

Thus, it becomes prohibitive in terms of 
efficiency to build a dissipative regulator 
with high output currents and high input to 
output voltage differentials. These parame­
ters are best implemented with a switching 
type regu lator taking advantage of the very 
high efficiency of such a circuit. By using 
the switching technique the power transis­
tor requirements and its associated heat 
sink size can be greatly reduced. 

Switching regulators consist of a switch S, a 
level detector, and an LC network L 1, C1 as 
depicted in Figure 4-20. The cycle begins 
when switch S is closed causing a nearly 
linear current to build up through L 1. This 
current, less the load current, charges C1 
until the upper threshold of the detector is 
reached. 

At this point S1 is opened and 01 forward 
conducts eventually discharging C1 
through L 1 to the lower threshold limit at 
which time S1 closes, restarting the se,­
quence. A sketch of the basic waveforms is 
shown in Figure 4-21 for two different duty 
cycles. The output voltage is a function of 
the duty cycle of the switching waveform. 



Therefore, regulation can be achieved if the 
duty cycle is made variable as is the case 
with switching regulators, The detailed the­
ory and design of switching regulators is 
complex, but the basic operation makes the 
following assumptions: 

1. Operating freq uency well above resonant 
frequency of Land C. 

2. Harmonics of input square wave are at-
tenuated. 

3. Phase shift of lowest frequency is 180·. 

The last assumption provides the minimum 
output ripple at close to the hysteresis limits 
of the threshold control device. 

The frequency of operation is a function of 
load levels, input voltage levels, and thresh­
old levels. Although it is possible to syn­
chronize the switching frequency with an 
external source, the electrical interference 
problem usually requires that the regulator 
be well shielded. The choice of operating 
frequency is in general a compromise be­
tween the inductor size becoming prohibi­
tive at low frequencies, and switching losses 
in 01 and S1 becoming excessive at high 
frequencies. Values between 10 and 25kHz 
are normally satisfactory. Note that the load 
current flows as a dc current through L 1, 
and that the peak current IMAX can bequitea 
bit more than that. The inductor should not 
saturate at that level, or the frequency will 
increase abruptly, the efficiency will fall 
rapidly, and potential disaster will ensue. 
The diode and switch must also handle 
IMAX. There is a considerable high frequen­
cy ripple current in C1 of'F (I max -lout). The 
component used must be capable of han­
dling that current. 

A circuit realization for Figure 4-20 is shown 
in Figure 4-22. The switch S1 is replaced by 
a Darlington pnp pair 01 and 02 and the 
threshold detector by the 550 device, driv­
ing 01 and 02 from the Vc pin. 

SWITCHING REGULATOR WAVEFORMS 

Figure 4-21 

The peak driving current through the 550 is 
set by Rsc. This does not, of course, protect 
the whole regulator, just the 550 itself. The 
threshold values are set by VREF in combi­
nation with R1 and R2, and the threshold 
hysteresis is controlled by R3 and the inter­
nal impedance of VREF (about 2knJ, as de­
rived from the voltage across 01. The capac­
itor across R1 reduces the ripple on the 
output by increasing the feedback at ripple 
frequencies. Diode 02 prevents the possi­
bility of initial latchup in the 550. A similar 
circuit can be used for the p.A723, if a resis­
tor of 1-2kfi is included between VREF and 
the junction of R3 and the non-inverting 
input, and the values of R1 and R2 are 
modified to suit the different VREF value. 

The component values may be chosen by 
the following algorithm, which is approxi­
mate: 

Neglecting switching transients, 

VOUT = 10NfVIN 

where tON is the time S1 is on, and f is the 
frequency of operation, so having chosen f 
for some VIN, and knowing VOUT. 

(Equation 4-19) 

VOUT(1) tON = YiN , and 10FF 

= (1 -V~~T) (t) 
The current in L 1 increases almost linearly 
during tON, so we may find L 1 from lOUT, 
IMAX, and tON, or tOFF 

(Equation 4-20) 

II = (VIN - VOUT)(ION) = VOUTIOFF 
2(1MAX - lOUT) 2(1MAX - lOUT) 

The output ripple is derived from the differ­
ence between IL 1 and lOUT charging C1, so 
for a given output ripple aVOUT, we can 
write 
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(Equation 4-21) 

C - IMAX - lOUT 
1 - 4f.1VOUT 

Note that if we put 

VIN - VOUT '" 1 
VIN 

we find 

VIN - VOUT (VOUT :\ 
8l1f2VIN • .1VOUTJ 

(Equation 4-22) 

f '" 1 • (.1VOUT) 1/2 
(8l1C1)1/2 .1VOUT 

The values of L 1 and C1 also control the 
load transient response. The voltage OVFtr­
shoot for a load decrease of alOUT is 

(Equation 4-23a) 

.1VOUT = (.1~~tr) = (.1~~~~2) (~~) 
where the recovery time 

Ir = 211 (.110UT) 
VOUT 

(Equation 4-23b) 

and for a load increase of alOUT is 

(Equation 4-23c) 

'V - .1louTtr .... OUT- --w1 

and 

I .11ouT2 ) (l1 ) 
\VIN - VOUT C1 

(Equation 4-23d) 

I = 211 I .110UT ) 
r '''IN - VOUT 

The exact frequency of oscillation and, in 
fact, the functionality of the circuit depends 
upon the parasitic components. From the 
preceding equations it follows that the cir­
cuit as shown will not sustain oscillation. 
Fortunately the imperfections of compo­
nents comes to the rescue and the circuit is 
restored to operation by the parasitic ele­
ments indicated in Figure 4-23. The most 
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important of these is the series resistance of 
C1, Re. 

The effective series resistance of the induc­
tor RL also contributes, and the storage in 
diode D1 adds a small step. These contribu­
tions are indicated in the waveforms of 
Figure 4-24. All generate a difference in 
VOUT at the two switching pOints, which of 
course must correspond to the hysteresis in 
the threshold detector. Acting in the oppo­
site direction are the delay, and the rise and 
fall times in the switch. 

Considering first the effect of Re, we may 
write at once (even through we don't know 
the value of Rei, 

(Equation 4-241 

VT/RC = 2(1MAX - lOUT) Rc 

Substituting into equations 4-18 and 4-19, 
we obtain 

(Equation 4-251 

f = VOUT (....L) = VOUT (1- ~)..!3..Q. 
VIN tON VT VIN 2L 1 

The easiest way to establish the effect of RL 

is to assess the phase change for the first 
harmonic of the waveform on V01. This 
procedure is at best approximate, but ex­
cept for extreme duty cycles, the higher 
harmonics at the input are smaller than the 
first. Since the attenuation of Land C is at 
12dB per octave, the influence on the an­
swer obtained of these harmonics is small. It 
is convenient to treat the switching delays in 
S1 as a phase change at the same point. 

This total phase change can then be written 

(Equation 4-261 

0= --..BL - 27rfts 
27rfL 1 

where 

1 
ts = 2 (t, + tf) 

This leads to a threshold voltage difference 
at the switching pOints (assum ing the phase 
change is small) of 

(Equation 4-271 

VTIR L = IlVoUTsin (7rf tON) [2~;L 1 - 27r1 t s] 

. (trVOUT~ [ RL 1 
= VOUTsm ~J 27r1 L 1 -2trl tSJ 

The stored charge in the transistor forming 
S1 is primarily introduced by the threshold 
detector, and its removal can be included in 
the fall time tf accounted for in equation 4-
26. The charge removal from the diode is 
performed by S1, which passes a current 
surge when switching on. This current does 
not pass through L 1 and has no influence 
on the remainder of the circuit. However, 
the charge needed to turn the diode on is 
provided by the current in L 1. The voltage 
impulse needed to do this gives a current 
step in III given by 

1= QoRo 
L1 

where Qo is the stored charge, and Ro is the 
effective series impedance of the diode. 

SELF OSCILLATING 
SWITCHING REGULATOR 

CONTRIBUTIONS OF 
PARASITIC ELEMENTS 
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This leads to an effective VT of approxi­
mately 

(Equation 4-28) 

VTI OD = ( ~~~ ) (V~I~T ) tON 

The waveforms resulting from these various 
terms are sketched in Figure 4-24. 

Note that in the circuit of Figure 4-22, the 
value of VT at which the circuit operates is a 
function of VIN. so the frequency may be 
approximated by 

(Equation 4-29) 

f = (R~~T ) ( V~~T ) ( 1- V~~T ) ( :L~ ) 
where RINT is the internal reference imped­
ance, about 2Kn. 

As a fu nction of V IN, we can see that f wi II be 
low for both high and 10wvaluesofVINand it 
will go through a maximum to the point near 
where VIN ~ 2 Vout. 

The value of Rc can be estimated from 
equation 4-28 and gives a value of 0.35 to 
O.4n. Since the performance of the circuit 
depends to some extent on the effective 
series impedance of C1, which may not be 
sufficiently well controlled for some appli­
cations, it may be worthwhile to place a 
small value resistor in series with C1 to 
reduce circuit to circuit variation. 

In applications where the frequency of op­
eration is important (such as EMI supres­
sian), the regulator may be locked to an 
external signal by means of the circuit of 
Figure 4-25. 
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saU~RE R3 V' Vc 

~:i(,EE o--",.,........--lVREf VOUT 
SIGNAL 

C2 R1 C 

'---;~-"'1:~~_O"_;:--,' I""' 
L11sSOturnsofll22wirewound 
on FelToxcube. 42!29-~7A400 

ALL RESISTOR VALUES ARE IN OHMS 

Figure 4-25 

<5V 
REGULATED 
OUTPUT 

Voltage Regulators 

The incoming signal is converted to a tri­
angle wave by R3 and C3, and added to the 
reference voltage. If the drive signal is al­
ready a triangle wave, (derived from pin 4 of 
a 566 oscillator) C3 can be omitted, and R3 
increased to about 1 OOKn. The amplitude of 
the triangle wave at the reference pin must 
exceed the amplitude of the ripple on VOUT, 
(50mV is suitable for normal useJ. The duty 
cycle of the switching pulse is controlled by 
the relative values of VOUT and the (referred) 
VREF with impressed triangle, thus ensuring 
the required regulation. The remainder of 
the circuit operates as precisely as before. 
Note that neither switching paint is con­
trolled in phase relative to the controlling 
waveform. Thus, spikes from other con­
trolled regulators could cause false switch­
ing if inadequately shielded from each oth­
er. The line regulation is closely related to 
the amplitude of the triangle wave. The gain 
of the amplifier is adequate to give sharp 
switching transitions, even without explicit 
positive feedback. 

A negative switching regulator may be con­
structed similarly, as shown in Figure 4-26. 
The same basic restrictions apply here as in 
the simple negative regulator of Figure 4-14, 
the output voltage must be at least -8.5V 
unless a positive supply is available. The 
basic operation is the same as before. An 
alternative negative switching regulator is 
shown in Figure 4-27. This circuit always 
needs a positive supply. 

All these regulators suffer from a lack of 
short circuit protection. The difficulty in 
providing protection is that the regulator 
must continue to switch. If it does not, the 
switching transistors will become pass tran­
sistors with an extreme increase in dissipa­
tion! 

NEGATIVE SWITCHING REGULATOR SWITCHING REGULATOR 
(LESS THAN -8.5 VOLTS) 
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REDUCING REGULATOR NOISE 
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In general, the best way to arrange for 
continued switching is to modify the voltage 
feedback to the amplifier in order to effec­
tively maintain VREF atthe comparison point 
even in shutdown. This can be achieved 
simply by sensing the current in the switch­
ing transistor, as shown in Figure 4-28. 

This has a disadvantage in that the current 
surge when the transistor switches the di­
ode off must be allowed for, and the limit 
pOint is somewhat dependent on duty cycle. 
A better arrangement is shown in Figure 4-
29. This needs more external transistors, 
but gives much better control since the 
current through the inductor is sensed. 
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The current derived is used to raise the 
apparent output voltage as seen at the in­
verting input. Since the amplifier will not 
work with VOUT at ground, the Vz output is 
tied to ground. The Vz output can be tied to 
VOUT, avoiding the waste of that current, if 
the input-output differential is large 
enough. Note that this technique can be 
applied to the negative regulator shown in 
Figure 4-27, (provided V+ is more than 8.5V), 
but not to that of Figure 4-26. 

Since the dissipation in the switching de­
vices is not very dependent on either VIN or 
VOUT, the elaborate protection schemes 
devised for the pass transistor case are not 
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really applicable here. For applications 
where the ripple, transient and regulation 
performance of the switching regulators are 
unacceptable, a combination of a switching 
regulator which gives highly efficient pre­
regulation for a static regulator may provide 
a satisfactory solution. 

NOISE, TEMPERATURE 
EFFECTS, AND TRANSIENT 
RESPONSE 
An almost inherent property of reverse bi­
ased junctions of the emitter base type is 
voltage noise at breakdown as a result of so­
called microplasmas. The noise arises as a 



result of space-charge induced instability of 
the breakdown of localized minor imperfec­
tions and irregularities. The inherently 
clean and defect free processing used for 
integrated circuits reduces this effect to a 
minimum, but the statistical inevitabilities of 
diffusion processes have sufficient irregu­
larity to lead to some small noise genera­
tion. The characteristic noise pattern is 
displayed as step-function current change 
as each microplasma switches on and off. 
Each microplasma switches at roughly con­
stant voltages, leading to approximately 
constant voltage transitions. 

Since the reference voltage for the 550 is 
derived from the breakdown of the emitter­
base junction, this noise will appear at the 
reference terminal. Transformed by the in­
ternal network between the zener diode and 
the reference terminal, this is the major 
component of noise in the regulator. For 
applications where the noise level could be 
troublesome, it can be reduced by putting a 
low pass filter between the zener and the 
amplifier input. The low frequency compo­
nent of the noise is quite small. Since the 
internal reference impedance of the 550 is 
2KO, plaCing a capaCitor between VREF and 
ground will generally be all that is required. 

In circuits where the reference is divided 
down, the divider impedance provides some 
effective series resistance, but in other ap­
plications better results may be obtained by 
the use of a simple series RC network. 
Suitable circuits are shown in Figures 4-30a 
and 4-30b. 

The line and load regulation performance 
discussed in previous sections and present­
ed in the data sheets are all values defined 
and measured under such conditions that 

the die temperature is constant. The circuit 
dissipation is changed by changes in input 
line voltage and load current. Therefore, the 
consequent changes in die temperature, 
which primarily affects the reference volt­
age, must be accounted for separately. The 
temperature effects are certainly not negli­
gible in many applications. 

A regulator operati ng at 10Vin and 5Vou t 

with a load current that steps from 1 mA to 
50mA will have a short time (1-10msec) 
output voltage change of typically under 
3mV. The dissipation increases, however, 
by 250mW, leading to a temperature rise of 
about 25°C at the die. With temperature 
coefficient of 0.005%/° C, this leads to an 
output voltage change of 6mV, twice the 
short time value. If the input voltage had 
been higher, say 15V, the same load step 
would eventually result in about four times 
the voltage change, though the short term 
change would not be affected significantly. 

The effects of transient line and load 
changes are primarily concerned with the 
impulse response of the amplifier, which in 
turn depends on the compensation and 
external connections involved in the partiC­
ular circuit being used. Typical transient 
responses for simple configurations are 
given for the 550 in Figure 4-31. 

There are three effects to be considered, 
then, upon imposition of a line or load step 
to a regulator circuit; the initial reaction is 
controlled by the transient response. After a 
few microseconds, the transient dies away 
and the response becomes the data sheet 
defined regulation. After a time of many tens 
of milliseconds, the changing die tempera­
ture begins to take effect. After perhaps one 
minute, the die temperature stabilizes and 
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Voltage Regulators 

no further changes occur. As mentioned 
above, each of these effects is effectively 
separate, and should be allowed for sepa­
rately. 

3 TERMINAL REGULATORS 

Introduction 
The I'A7800 and 78HVOO series regulators 
are monolithic three terminal devices in­
tended for fixed voltage outputs. Since no 
external elements are required they are 
excellent candidates for PC card and 
subsystem regulation. With the use of these 
devices much system crosstalk and power 
supply distributed noise can be eliminated. 

These devices are available in 5, 6, 8,12,15, 
18 and 24 volts, positive or negative, with 3 
output current ratings. The voltage and 
power output ranges are designated as 
follows: 

78HV05 7805 

1 1Amp 
5 Volt Output L 1Amp 

5 Volt Output 

60V Input 35V Input 
Breakdown 78M 05 Breakdown 

500mA TL 
Output 
Current ---------' 5 Volt Output 
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500mA~T Output L 
Current 5 Volt Output 
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Breakdown 78L 12 

100mA TL 
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Current --------' 12 Volt Output 

TRANSIENT RESPONSE 

CC;47 pfd 

I~ CREF ~ lO~ftl 

'" ( 

21 rnA 

1 rnA 

TIME IN MICRoseCONDS 

Figure 4-31 b 
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Voltage Regulators 

SERIES 7800 7800C 7800C 78MOO 78MOOC 78MOOC 
PACKAGE TO-3 TO-3 TO-220 TO-39 TO-39 TO-220 UNIT 

Maximum junction temperature, 
TJ(MAX) 150 125 125 175 
Minimum ambient temperature, 
TJ(MIN) -55 0 0 -55 

Thermal resistance 
junction-to-case, 0JC 4 4 4 20 
Thermal resistance 
junction-to-case, 0JA 35 35 50 150 

Maximum allowable dissipation, 
Po(MAX) 

The ",A78HVOO has a unique process which 
gives an input breakdown voltage greater 
than 60 volts. Standard operati ng cond i­
tions allow the input voltage to be as high as 
48 volts continuous. Transients and mo­
mentary inputs may be as high as 60 volts 
without damaging the regulator. Under 
these high input conditions, the regulator 
may go into current limiting or thermal 
shutdown. 

Voltages other than those listed are also 
available upon special order. 

Applications 
As with any voltage distribution system, 
effort should be expended to keep the out­
put impedance of three terminal regulators 
as low as possible. 

Possessing 20 to 30 milliohms output im­
pedance at low frequencies, the regulator's 
output impedance will increase with fre­
quency. This becomes significant, especial­
ly in TTL systems, where current impulses 
from the logic are in the Megahertz regions. 

15 15 15 

Figure 4-32 

Thus it becomes necessary to bypass the 
supply lines for high frequencies to insure 
stability and error free operation. The best 
technique for achieving low impedance at 
all frequencies is to usea large tantalum (10-
47",fd) in parallel with small (o.D1",fd) disc 
ceramics. In systems where fairly large 
printed circuit boards are used, the disc 
ceramics should be disbursed upon the 
board to neutralize the trace inductance. No 
other stabilization techniques should be re­
quired. 

Thermal Limitations 
The maximum allowable junction tempera­
ture and the ambient temperature expected 
determine whether a heat sink will be re­
quired for a particular regulator application. 

As seen from the derating curves of Figure 
4-32 the maximum no heat sink powerdissi­
pation allowable for the TO-3 is 3 watts and 
for the TO-220 is 2 watts. Above 25°C this 
must ,be derated according to the relation­
ship 

HEAT SINK MATERIAL SELECTION GUIDE 
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5 

175 125 °C 

0 0 °C 

20 5 °C/W 

150 50 °CIW 

5 5 W 

(Equation 4-30) 

TJ (MAX) - TA 
fJJA 

Figure 4-32 siJmmarizes the maximum junc­
tion temperature and thermal resistivities of 
the TO-3 and TO-220 packages. The power 
dissipation qualities of heat sinks are usual­
ly well established by the manufacturer. 
Since the common terminal of these devices 
is common they may be bolted directly to 
the chassis, using the surface area as the 
heat sink. 

Figure 4-33 provides a selection chart which 
relates surface area of the chassis material 
to the thermal resistivity. It should be noted 
that the surface area refers to both sides of 
the material. 

In order to find a thermal resistivity scribe a 
vertical line from the surface area across the 
appropriate material. 

Heat Sinks 
As a further aid in determining which pack­
age/heat sink combination is best suited to 
a given application .. the following nomo­
graph (Figure 4-35) solves for 0JA from basic 
current, input/output voltage differential 
and ambient temperature information. The 
package thermal resistances have been su­
perimposed on the 0JA line E.lfthe required 
0JA is less than 0JC for a package, then that 
package cannot be considered. Even if an 
infinite heat sink were possible, the junction 
temperature would exceed 125°C. If the 
required 0JA is greater than 0JA for a pack­
age, that package may be used without a 
heat sink. In all other cases a package/heat 
sink combination is necessary. Subtract 
0JC for the preferred package from the 
required 0JA to arrive at the necessary heat 
sink thermal resistance 0HS. 

To use the nomograph, select the maximum 
load current on Line A and the maximum 
input/output voltage differential on Line D. 
The line joining these pOints intersects Line 
B at a point representing the maximum 
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power dissipation. Join this Line 8 intersec­
tion to a point on Line C representing the 
maximum expected ambient temperature. 
Extend this line so it intersects Line E. The 
Line E intersection represents the total 
junction-to-ambient thermal resistance re­
quired for the particular application. If the 
Line E intersection falls above the junction­
to-ambient thermal resistance, @JA, no heat 
sink is required. 

To determine the thermal resistance of a 
heat sink, subtract the junction-to-case 
thermal resistance, 0JC, of the select~d 
package from the Line E intlilrsection. 

• For TO-39, subtract 20°CIW 
• For TO-3, subtract 4°CIW 
• For TO-220, subtract 4°CIW 

Example: 
Choose a regulator to supply 27SmA (max) 
with an input/output voltage differential of 
6V (max) at an ambient temperature of SO° C 
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Figure 4-34 

(max). Join the 27SmA point on lineA tothe 
6V point on Line D. The intersection with 
Line 8 gives a power dissipation of 1.7W. 
Join 1.7W to the SO°C point on Line C and 
extrapolate to an intersection with Line E. 
This gives a total junction-to-ambient ther­
mal resistance requirement of 4S0CIW. The 
regulator package choices are 

• A TO-39 package with a heat sink of 
2SoCIW thermal resistance (subtract 
20°CIW @JC). 

• A TO-220 package with a heat sink of 
41°CIW thermal resistance (subtract 
4°C/W 0Jc). 

• A TO-3 package with no heat sink 
(4S0CIW falls above @JA for the TO-3)' 

Additional Applications Ideas 
The versatility of the 7800 family of regula­
tors may be increased beyond the basic 3-
terminal use by the addition of external 
components. The following applications 
contain circuits which cover the range of 

Voltage Regulators 
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150 
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30 
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10 

O.SV to 30V output, and output currents in 
excess of 10A. Note that apart from power 
considerations the 7800 and 78MOO devices 
are interchangeable in all applications. 

Fixed Output Regulator 
In this basic application of Figure 4-3S, the 
last two digits of the device code specify the 
nominal output voltage. The insulating 
washer normally used when heat-sinking a 
power transistor may be omitted when 
mounting the regulator since the case of the 
device is at ground potential. This is true 
unless circulating ground currents are a 
problem. 

Current Regulator 
The circuit shown in Figure 4-36 supplies a 
regulated current to a load, its value being 
determined by an external resistor. The 
minimum input/output differential in this 
application is (minimum regulator input/ 
output differential voltage) + (maximum 
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regulator output voltage). For currents upto 
1 A 0° C to 70° C, this voltage is typically 2.2V 
+ 5.25V, or 7.45V. 

High Current Voltage Regulators 
Currents in excess of the outputcapabilities 
of the basic regulator can be obtained with 
the circuit shown in Figure 4-37. The value 
of R1 determines the point at which 01 
begins to conduct and hence bypasses the 
regulator. This supply can be protected 
against a short circuit load by adding a short 
circuit sense resistor, R2, and a pnp transis­
tor 02. In this circuit 02 must be able to 
handle the short circuit current of the 
regulator, since when 01 is bypassed, the 
regulator goes into its short-circuit mode. 

Variable Output Voltage 
Regulators 
In Figure 4-38 a voltage pedestal is devel­
oped across R2, which is then added to the 
normal regulated output Vxx, such that' 
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41 

The current through R1 should be set much 
higher than the quiescent current 10 to 
minimize the effects of the change in 10 
which occurs with a change in VIN. 

Switching Regulators 
A switching regulator may be used in those 
cases where the dissipation of a linear 
regulator is excessive. Figure 4-39 shows 
that when power is first applied, current 
flows through R3 and the 7800 device to the 
output. As soon as the current generates a 
voltage drop sufficient to forward bias 01's 
base-emitter junction, 01 is driven toward 
saturation. The increase in voltage at the 
collector applies power through L1 to the 
load and provides positive feedback 
through R1 and R2 to assure a full switching 
action. As the output voltage approaches 
the sum of the 7800 regulated output plus 
the voltage developed across R2, current 
flow through the 7800 decrease~ 

Input voltages in excess of the maximum 
input voltage rating of the regulator may be 
commodated by the inclusion of a voltage 
dropping Zener (01), This reduces the 

SI!IDotlCS 
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voltage appearing across leads 1 and 3 of 
the 7800 to an acceptable level. 

When the base current drops below the level 
required to keep 01 in saturation, the 
collector voltage starts to decrease and the 
positive feedback loop completes the 
switching action. 

ILA7814 
There is a sufficient requ i rement for a power 
supply output voltage of 13.8 volts. There­
fore, Signetics Analog now offers the 
~7814 type 1 amp three terminal regulator 
with 13.8 volts nominal output. 

One of the main requirements for this 13.8 
volt regulator is for AC line operation of 
automotive type equipment. With the in­
crease in the 'number of CB sets and the 
servicing required on CB, AM/FM stereo 
radio, the battery substitution power supply 
is becoming more prevalent. Another major 
need for battery substitution power supplies 
is in the home operation of the portable 
automotive equipment. The portable CB 
can be removed from the vehicle to prevent 
theft and also utilized in .the home with a 
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BATTERY SUBSTITUTION 
POWER SUPPLY 

FIXED OUTPUT REGULATOR 

~II 

battery substitution power supply using the 
I'A7B14. 

NEGATIVE REGULATORS 

Introduction 
The I'A79 series regulators are monolithic 
three terminal devices intended for negative 
fixed voltage outputs. They are an excellent 
choice for PC card and subsystem regula­
tion due to their self-contained simplicity. 
These devices are available in negative 5, 6, 
B, 12, 15, 1B and 24 volts. The voltage and 
power output ranges are designated as fol­
lows: 

790S 

~lAmp 
500mA 79M os 5 Volt Output 

Output T -,-
Current _______ ..J L-s Volt Output 

Voltages other than those listed are also 
available upon special order. 

Applications 
As with the I'A7B voltage regulators, effort 
should be made to keep the output imped­
ance as low as possible. This is accom­
plished with bypass on the supply lines for 
high frequencies to insure stability and 
error-free operation. Use a large tantalum 
(10-47I'fd) in parallel with a small C01l'fd) 
disc ceramic. Output bypass capacitors will 
improve the transient response of the 
regulator. A good high frequency ceramic 
or tantalum of 11'f will generally suffice. 
Keep lead lengths as short as possible. 

All of the applications for Signetics positive 
regulators can be used with the negative 
regulators. The polarities are inversed, the 
sense diode is reversed and the pnp's are 
replaced with NPN transistors. Specific cir­
cuit configurations follow: 

YOUT= l3.BY 
,-----------~---o @3A 

TYPICAL APPLICATIONS 
J.lA79XX SERIES 

VARIABLE OUTPUT 
VOLTAGE REGULATOR 

BASIC CURRENT REGULATOR 

s.ov 
Output current =fi1 + 10 

HIGH CURRENT 
VOLTAGE REGULATOR 

~ I,..---------==e==o v OUT 

R2 

INBE lOll 

I Vour I = Vxx I, +~) + 10-;;2 
"AI . 

VBEIOll 
Al=-­

IREG IREalMAXI III + 1 I - lourlMAXI 

101 = 1l10l) IREG 

HIGH OUTPUT CURRENT, 
SHORT CIRCUIT PROTECTED 

~----_-o vOUT 

Rl 
611 

Al= ______ ~IlV~B~E~IO~l~I ____ _ 

IREalMAXI III + II -IOUTIMAXI 

Ase = VBEI021 

Ise 

HIGH OUTPUT CURRENT, FOLD BACK 
CURRENT LIMITED 

V,N o-__ """,~_---+.. ,.--------__tl--<l V OUT 

1.I#tF 

INBE lOll 
Al=----~-----------

IREOIMAXI III + II - lourlMAXI 
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Voltage Regulators 

VARIABLE OUTPUT VOLTAGE, NEGATIVE OUTPUT. VOLTAGE CIRCUIT 
-30V TO -7V 

V IN 

~-33V . 
1.0k 

10k 

VOUT 

1.011F 

':' 

POSITIVE AND NEGATIVE TRACKING 
VOLTAGE REGULATOR 

VARIABLE OUTPUT VOLTAGE, 

VIN 

-12V 

I2O"F 

~V 

~ ±5V 

PROGRAMMABLE 
REGULATORS 

Introduction 

-O.5V TO -10V 

R' 
910 ::::: 1.0k 

j/A7.41 

The I'A78G and I'A79G are positive and 
negative programmable regulators respec­
tively. They are identical to their I'A78 and 
I'A79 counterparts with the exception to the 
reference to the error amplifier being 
brought out and the voltage determining 
divider being supplied by the circuit design­
er rather than internal to the regulator. The 
voltage may be adjusted over the range of 5 
to 30V for the I'A78G and I'A79G from -30 to 
-2.2 volts. They have the same inherent 
feature that other devices in the series have. 

Applications 
The basic programmable voltage regulator 
circuits and design considerations follow. 

DESIGN CONSIDERATIONS 
The 78G and 79G adjustable voltage regula­
tors have an output voltage which varies 
from VCONTROL to typically VIN - 2V by VOUT 

(R1 + R2) . 
= VCONTROL R2 . The nom mal refer-

ence in the 78G is 5.0V and 79G is -2.23V. If 
we allow 1.0mA to flow in the control string 
to eliminate bias current effects, we can 
make R2 = 5kO in the 78G. The output 
voltage is then: VOUT= (R1 + R2) V, where R1 
and R2 are in kOso 
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VOUT 
4.7K 

1.0J,JF 
4.7K 

J,COMMON 

10k 

+VINo---+-J :------+--0 +VOUT 

':' 

Example: If R2 = 5kO and Rl = 10kO then 
VOUT = 15V nominal, for the 78G; 
R2 = 2.2kO and Rl = 12.BkO then 
VOUT = -15.2V typical, for the 79G. 

By proper wirilig of the feedback resistors, 
load regulation of the devices can be im­
proved significantly. 

Both 78G and 79G regulators have thermal 
overload protection from excessive power, 
internal shOrt circuit protection which limits 
each circuit's maximum current, and output 
transistor safe area protection for reducing 
the output current as the voltage across 
each pass transistor is increased. 

Although the internal power dissipati'on is 
limited, the junction temperature must be 
kept below the maximum specified temper­
ature in order to meet data sheet specifica­
tions. To calculate the maximum junction 
temperature or heat sink required, the fol­
lowing thermal resistance values should be 
used: 

TYP 

OJC 

MAX 

OJC 

TYP 

OJA 

MAX 

OJA Package 

POWER 
TAB 7.5°C/W 11°C/W 75°C/W 80°C/W 

TO-3 4.0°C/W 6°C/W 44°C/W 47°C/W 
Po (MAX) = TJ(MAX) - TA or TJ (MAX) - TA 

OJC + (JCA OJA 
(Without a heat sink) 

OCA = OCS + OSA 
Solving for TJ: TJ = TA +. Po (OJC + OCA) or TA + 
POOJA (Without heat sink) 

Smnotics 

Where T J = Junction Temperature 
TA = Ambient Temperature 
Po = Power Dissipation 
(JJ-A = Junction to ambient thermal 

resistance 

(JJC = Junction to case thermal 
resistance 

(JCA = Case to ambient thermal 
resistance 

Ocs = Case ·to heat sink resistance 
OSA = Heal sink to ambient thermal 

resistance 

I'A78G AND I'A79G 
POWER TAB (U1) PACKAGE 

WORST CASE POWER DISSIPATION 
AS A FUNCTION OF 

AMBIENT TEMPERATURE 

100 
LIMIT 78G/79G -

'f'lF'IIJlt£ ,J 
o N~~ 

-~oI'J", 
() C//ot:t-

118:.:: 
7S~ 

" " 

10 

1.0 r-- 1'<01114J ........ ~ 

0.1 
25 

_s~ 

" f.lJc - 7°C/W 
flJA 80 0 C/W 
POMAX:: 15W 

so 75 100 125 

AMBIENT TEMPERATURE- °c 

~\ 

, 
150 



/LA78G AND /LA79G TO-3 PACKAGE 
WORST CASE POWER DISSIPATION 

vs 
AMBIENT TEMPERATURE 

100 I LIMIT 78G/79G-l-

;0 
I 

Z 10 a 
;:: 
: 
iii .. 

f- f- INFINITE "'~"1' 8. 
~ 
~~ ~ b;::: too... '- 8~ 

~ f- ".,s, 20 
C 
II: 

~ 1.0 

"c/II' 
~l\ "O"EA~ ...... 

"" ~ I r-.... L"-
OJe eOclW 
BJA- 41tIW 

0.1 
P~ MAj='jW 

25 50 75 100 125 
AMBIENT TEMPERATURE _oc 

TEST LOAD CIRCUITS 

O. 

COMM 

/LA78G TEST CIRCUIT 1 

OUT 

0--.- IN MA7SG R1 

CONTROL 
COMM t---

33,uF 

Ilia R2 

-L 

VOUT = ( Rl :2 R2 ) VeoNTRoL 

VCONTROL Nominal == 5V 

Recommended R2 current"'" 1 rnA 
:. R2 = 5kn 178GI 
R2 = 2.2kn 179GI 

/LA79G TEST CIRCUIT 2 

OUT 

R1 

R2 

~ 

150 

Your 

O.1j.J 

-Your 

COMMo-~------~-,----~~~~ 

VOUT = ( Rl R: R2 ) VeONTROL 

VCONTROL Nominal = -2.23V 

Recommended R2 current"" 1 rnA 
:. R2 = 5kn 178G1 
R2 = 2.2kn 179GI 

TYPICAL APPLICATIONS FOR 
J.lA78G 
In many /LA78G applications, compensation 
capacitors may not be required. However, 
for stable operation of the regulator over all 
input voltage and output current ranges, 
bypassing of the input and output (O.33/LF 
and O.1/LF, respectively) is recommended. 
Input bypassing is necessary if the regulator 
is located far from the filter capacitor of the 
power supply. Bypassing the output will 
improve the transient response of the regu­
lator . 

BASIC POSITIVE REGULATOR 

+VIN IN.uA78G R1 

O.331iF CONTROL 
COMMON 

R2 

( Rl + R2) VOUT = VeONT ~ 

POSITIVE HIGH CURRENT 
SHORT CIRCUIT 

PROTECTED REGULATOR 

Rse 

( Rse = VBE [all) -::­
Ise 

± 10V, 1.0A 
DUAL TRACKING REGULATOR 

OUT 1-..---...... -o+10Y 

+15Vo-...... --jIN,uA78G 

/.LA79G 

5. 

[~F 

7.23' 1.+ 
1.0J.1F 

7.77k 

-15V 0-...... ----1 IN OUT t-...... --~--O -10V 

If load is not ground referenced, connect reverse biased 
diodes from outputs to ground. 

!ii!lDotiC!i 
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POSITIVE S TO 30V 
ADJUSTABLE REGULATOR 

H'4r-...,.--<:l +VOUT 

O.33.uF CONTROL 
COMMON 

25. 

5k 

POSITIVE S TO 30V ADJUSTABLE 
REGULATOR lOUT> S.OA 

+32V 0-....... 11'1' ..... +-1 

NOTE: External series pass device is 
not short circuit protected. 

O.1.uF 

POSITIVE HIGH CURRENT SHORT 
CIRCUIT PROTECTED REGULATOR 

VIN 0-..-------------------, 

.3~F~ 

OUT t-----,.--.rl;..c 
IN 

J.1A78G 

..... ..,-.... 

OUTPUT WAVEFORM 

~V--------------

/,/' 

,r.4STEPS 

5vI 
Ov--------------------

VOUT 
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Voltage Regulators 

TYPICAL APPLICATIONS FOR JLA78G (Cont'dl 
MOTOR SPEED CONTROL 

PR.OGRAMMABLE SUPPLY 

+10V +35Y 

IN 

YOUT 
OUT 1-_-_---+ 

+VIN 

O.33,UF 

OUT 

IN pA78G 25. 12 TO 20V O.1J..!F 
DC MOTOR 

CONTROL 1:5.1A 
COMMON 

Use flyback diode across motor if necessary. 

_0"..,.i.IF--+_~M""""H .. ___ ...... """M~L.o_~~_3+ __ C_O~_M_7:_: __ ....J 2.5K 1_ O.I"F _ CONTROL 

+1DY 

-: 

::::10n 

NE/SE5554 DUAL TRACKING 
REGULATOR 
The Signetics NE/SE5554 is a monolithic 
dual tracking regulator designed for use 
where dual supplies must track with close 
tolerances. It was designed with ease of 
production and high performance in mind. 
The intent was to supply a product which 
has performance surpassing its intended 
need and no additional features. 

The device is composed of a negative, zener 
referenced regulator with an inverting 
amplifier-follower. The zener regulator has 
a zener controlled currant source and a 
forward biased diode for temp. compensa­
tion. This classical reference was used for 
one main reason ... simplicity. The main 
justification to use this is the devices in­
tended use. Considering 4 basic contribu­
tors to output voltage change, (1) Line regu­
lation, (2) Load regulation, (3) Temperature 
Coefficient, (4) Popcorn noise, all of these, 
and combinations of them, are small con­
sidering the uses this device is intended for: 

1. Op-Amp Supplies 
2. Sense-Amp Supplies 
3. Analog Signal Processors (Driver-Gates, 

Mpx, etc') 
4. MOS-LSI Systems 
5. Communications Circuits 

These applications all have excellent power 
supply rejection or limited need for very 
close control of slight variations on supply 
lines. In short, it is an attempt to supply a 
customer with a device designed for his 
uses, but not costing money for features he 
doesn't need. 

Both actual regulators are differential am­
plifiers followed by a gain stage followed by 
a Darlington with current limit. The negative 
regulator is the complement of the positive 
with the exception that the output stage is a 
compound PNP. The 5554 is essentially a 
dual 78M regulator. 

The voltage dividers around the zener set 
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the actual reference at 5 volts and allow 
positive and negative output voltages to be 
programmed conveniently. The various re­
sistor values available with metal mask op­
tions, allow many different output voltage 
options as well as externally controlling 
output voltages by programming resistors 
to +Vout, -Vout, control and nUll. 

The output current limit of 200mA was cho­
sen as a compromise. The 100mA limit ofthe 
78LXX Family is only marginally useful for 
many systems, where 0.5 amp is too much 
dissipation for two regulators in a TO-5 
package thus, the 200mA limit. 

The regulators were designed to be on-chip 
compensated so external capacitors are not 

needed. This is a great advantage as most of 
the currently available devices require 10l'f 
output capacitors or other cumbersome 
externally compensation. 

The performance expectations reflect the 
intended use: 

VOUT 
VOUT 

VOUT 
VOUT 

Tolerance 
Regulation 
(Load & Line) 
Temp. Coefficient 
Noise 

5% 
1% 

65PPM/OC 
100l'VRMS 
10Hz - 10kHz 

The intended use being power supplies, not 
reference supplies. Most devices these re­
gulators would be driving have excellent 

NE/SE5554 DUAL TRACKING 
REGULATOR EQUIVALENT CIRCUIT 

+IN 
1 

1----------------------1 

5K 

I 
I 
I 
I 

~----~4--o+0UT 

R5 
15K 

14 

'-------------<~I__O BALANCE 
13 

R6 
15K 

GNOo-+--+---..--'lM-...... -------...... --+--I--o CONTROL 
3 R1 12 

R2 
5K 

R4 
10K 

~-~--~+_o-OUT 

I 
I 

~ I 
2.2K I 

I 
I 
I 
I 

-INo-..L--...... ----------...J I 4 L ______________________ ~ 

9i!1001iC9 

11 



power supply rejection, such as operational 
amplifiers, Analog switches, MOS logic, 
communication circuits, and will not be 
adversely affected by the output voltage 
tolerances, including noise and tempera­
ture coefficient. 

The initial output voltages of the 5554 will 
track exactly but the absolute pos voltage 
will be different from the absolute neg volt­
age. This is due to small process variations 
in the internal balance resistors. 

NE/SE5554 DUAL TRACKING 
REGULATOR APPLICATION 
NOTE 
For most applications, this difference is of 
no concern. For those applications where 
exact positive and negative voltages are 
necessary external balance potentiometer 
may be added as shown. 

+YIN 

BALANCED DUAL TRACKING 
REGULATOR 

14 

BALANCE 
NEISE 13 50. 

3 5554 CONTROL 
12 

+VOUT 

11 I-----<-O-VOUT 

This output balance control may be used to 
change the positive regulated voltage from 
about 0.2 volts to ~ 16 volts without chang­
ing the negative regulated voltage. 

To change the negative regulator voltage 
from its fixed value it is necessary to use the 

control function. With zero resistance be­
tween the control pin and -VOUT, the output 
will be ±5.0 volts. Increasing the resistance 
to 50K will give full output. This control, in 
conjunction with the balance, can give out­
put vohage of ±5V to about ±VIN - 3 volts. 

VARIABLE OUTPUT TRACKING 
REGULATOR 

+YINo-_--I 

-VINo-_--I 

14 t---t-O+VOUT 

13 
NEISE 

BALANCE 

3 5554 
CONTROL 

12 

50. 

11 t--4 ....... -0-VOUT 

in order to prevent instability in this circuit 
when the control resistance approaches 
zero ohms, it is necessary to use a filter 

Voltage Regulators 

capacitor on -VOUT of 0.11'f or larger to 
ground. /l( 10l'f from +VOUT and -VOUT to 
ground will improve transient response, 
where this is of concern. 

Increasing output above 
±15 volts on NE/SE5554 
To increase the regulated output above ±15 
voits, it is necessary to trim the op amp 
negative input reference resistor (R, in the 
NE/SE5554 equivalent circuit). 

DUAL TRACKING REGULATOR 
WITH ±VOUT > 15 VOLTS 

+VINo-_--I 14 +YOUT 

NEISE 
3 5554 CONTROL 10K 

12 

11 t-----o+VOUT 

HIGH CURRENT DUAL 
TRACKING REGULATOR 

r-------t--o +15 VOLTS 

01 

.1 
NEISE .--+---i 3 5554 

.1 

Q2 

14 

11 

'-------<>---0 -15 VOLTS 

IOUTIMAXI 
f3{QI", IREQIMAXI 

Rl ~ R2 ~ flVSE 
IREGIMAXI III -+ 1 I -IOUTIMAXI 
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INTRODUCTION 
Large systems are comprised of many dif­
ferent subsystems, all of which must inter­
face to complete the system. All types of 
circuits, including linear, digital and dis­
crete are often used in the subsystems. 

Interface circuits provide the necessary 
function of tying the parts of a system to­
gether. These circuits are usually not purely 
linear or digital but contain both types of 
circuit functions. For instance, sense ampli­
fiers are designed for interface between low 
level memory outputs and bipolar levels, 
while differential comparators are designed 
for interface between analog systems and 
TTUDTL systems. In general, this section 
will cover such devices as comparators, 
sense amplifiers, line drivers/receivers, and 
display drivers. 

CONVERTERS 
Digital computers, digital communications, 
digital instruments and displays have creat­
ed a demand for low cost reliable convert­
ers. Key factors in this demand are: 

• The need to communicate with digital 
computers for processing and storage of 
analog signals. 

• Severe limitations encountered in reli­
able analog data transmission over any 
considerable distance. 

• The need for more easily readable dis­
plays. 

General application areas for converters 
include: Data processing, data trans­
mission, graphics and displays, audio sys­
tems, control systems and arithmetic opera­
tions. 

Specific Applications 

Test Systems 
• Transistor tester (Force IB and Ie) 
• Resistor matching (Use both outputs) 
• Programmable power supplies 
• Programmable pulse generators 
• Programmable current source 
• Function generators (ROM drive) 

Arithmetic Operations 
• Analog division by a digital word 
• Analog quotient of 2 digital words 
• Analog product of 2 digital words­

squaring 
• Addition and subtraction with analog 

output 
• Magnitude comparison of 2 digital words 
• Digital quotient of 2 analog variables 
• Arithmetic operations with words from 

different logic families 

Graphics and Displays 
• Polar to rectangular conversion 
• CRT character generation 
• Chart recorder driver 
• CRT display driver 

Data Transmission 
• Modern transmitter 
• Differential line driver 
• Party line multiplexing of analog signals 
• Multi-level 2-wlre data transmission 
• Secure communications (constant power 

dissipation) 

Control Systems 
• Reference level generator for setpoint 

controllers 
• Positive peak detector 
• Negative peak detector 
• Disc drive head pOSitioner 
• Microfilm head positioner 

Audio Systems 
• Digital AVC and reverberation 
• Music distribution 
• Organ tone generator 
• Audio tracking AID 
• Speech compression and expansion 
• Audio digitizing and decoding 

D/A CONVERTERS 
D/A converters perform the function of 
converting a digitally coded signal input 
into an analog signal output (See Figure 5-
1>' D/A converters are useful in systems 
requiring analog Signals derived from digi­
tal data. 

DAC Building Blocks 
The actual implementation of a D/A system 
contains four separate parts: A reference 

Interface Circuits 

CONVERSION OF A DIGITALLY 
CODED SIGNAL INPUT INTO AN 

ANALOG SIGNAL OUTPUT 

DIGITAL 
WORD 
INPUT 

DIA 

REF. 

Output = Ref. x digital word 

B1 B. BN 
Output = Ref. x ("2+4" + ... + 2N) 

Figure 5-1 

ANALOG 
OUTPUT 

quantity; a set of binary switches to simulate 
binary coefficients B1 ... BN; a weighting 
network; and an output summing means. 

Binary-Weighted Ladder Employ­
Ing Voltage Switching 
The disadvantages of a binary-weighted 
ladder employing voltage switching in­
clude: A wide range of resistorvaluBSwhlch 
are used in weighting the network; and 
nodal capacitances which are charged/dis­
charged during conversion. See Figure 5-2. 

R-2R Ladder Network Employing 
Current Switching 
The advantages of this type of network 
include: No need for a wide range of resistor 

BINARY-WEIGHTED LADDER 
EMPLOYING VOLTAGE SWITCHING 

Figure 5-2 
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values; and current switching eliminates 
transients in nodal parasite capacitances. 
See Figure 5-3. 

KEY SPECIFICATIONS 

Speed 
The conversion process should represent 
the input signal with the highest fidelity and 
minimal lag in time (Real time applications). 

Settling Time 
Settling time is a measure of a converter's 
speed and is defined as the elapsed time 
after a code transition for DAC output to 
reach final value within specified limits, 
usually ±1/2 L.S.B. See Figure 5-5. 

Errors 
Offset Error -The output voltage of DAC 

with zero code input. Offset 
can and usually is trimmed to 
zero with an offset zero ad­
just potentiometer. See Fig­
ure 5-6. 

TRUE CURRENT OUTPUT 

}-__ --iI--o~IOUT 
WIDE VOLTAGE 
COMPLIANCE HIGH 
IMPEDANCE 

-V8IAS 

R-2R LADDER NETWORK 
EMPLOYING CURRENT SWITCHING 

lOUT 
r---~-----r----,------Q 

y-

Figure 5-3 

DAC OUTPUT TYPES 

VOLTAGE OUTPUT 

>---+--oVOUT 
LOW IMPEDANCE 

LOGIC 
INPUT 

...------0 y+ 

THRESHOLD 
BIAS 

.--___ +-_-o.--IOUT 

a. True Current Output/Voltage Output ....... lOUT 

RESISTIVE OUTPUT 

LITTLE OR NO OUTPUT VOLTAGE COMPLIANCE 

b. Resistive Output 

Figure 5-4 
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R1 R2 

'----+---..... ---0 YBIAS 

c. Complementary High 
Compliance Current 

Switch 



± 1/2 
LSB 

EO 

SETTLING TIME 

Figure 5-5 

Gain Error - Deviation in output voltage 
from correct level when the 
input calls for a full scale 
output. This error may be 
trimmed to zero. See Figure 
5-7. 

Relative Accuracy- The maximum devia­
tion of the DAC output 
relative to an ideal 
straig ht line drawn 
from zero to full scale 
(1 L.S.B'). See Figure 
5-8. 

Differential 
Non-Llnearlty- Incremental error from 

any ideal L.S.B. analog 
output change when the 
digital input is changed (1 
L.S.B.). See Figure 5-9. 

Monotonicity-As the input code is incre-

ANALOG 
OUTPUT 

RELATIVE ACCURACY 

ll.B. 

EL~~-L~,~--,L-~,--~ ~~~~Al 
1 0 0 1 1 

o 1 a 0 0 1 

Figure 5-8 

OFFSET ERROR 

EO 

10 

i£U:J.L __ L--'-__ L--'-__ -'-------'-_D1GIT AL 

001 010 011 100 101 110 111 INPUT 

Stability 

Figure 5-6 

mented from one code to 
the next in sequence, the 
analog output will either 
increase or remain con­
stant. See Figure 5-10. 

Stability is a measure of the independence 
of converter parameters with respect to 
variations in external conditions such as 
temperature and supply voltage. 

Temperature 
Coefficient -The effects of tem peratu re 

changes of the output. Spec­
ified as %F.S. change. 

Supply 
Rejection -Ability to resist changes in 

the output with supply 
changes, specified as % full 
scale change. 

ANALOG 
OUTPUT 

DIFFERENTIAL 
NON-LINEARITY 

o 0 0 0 1 1 1 
o 0 1 1 0 0 1 
o 1 0 1 0 1 0 1 

Figure 5-9 
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DIGITAL 
INPUT 
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GAIN ERROR 

EO 

10 

DIGITAL 
w::......L..-__ L--L __ .L....-'-__ -'-----'-_'NPUT 

000 001 010 011 100 101 110 111 

Figure 5-7 

PARAMETER 
MC140 

61718 NE5008 NE5009 UNITS 

Resolution 8 8 8 Bits 
Relative .78/.39/ 0.19 0.1 % 
accuracy .19 
Settling 300 85 60 ns 
time 

Table 5-1 
D/A CONVERTER COMPARISON 

5007/5008 DAe 

Reference Amplifier Setup 
The 5007/5008 is a multiplying D-to-A con­
verter in which the output current is the 
product of a digital number and the input 
reference cu rrent. The reference cu rrent 
may be fixed or may vary from nearly zero to 
+4.0mA. The full scale output current is a 

NON-MONOTONIC 
(Must be > ±1/2 LSB Non-Linear) 

/ 

000 001 010 011 100 101 110 111 

DIGITAL CODE 

Figure 5-10 

679 



Interlace Circuits 

linear function of the reference current and 
is given by this equation where IREF = ',4. 

255 
IFS =-oIREF 

256 

In positive reference applications shown i'n 
Figure 5-11, an external positive reference 
voltage forces current through R14 into the 
VREF (+) terminal (pin 14) of the reference 
amplifier. Alternatively, a negative refer­
ence may be applied to VREF (-) at pin 15, 
shown in Figure 5-12. Reference current 
flows from ground through R14 into VREF (+) 
as in the positive reference case. This nega­
tive reference connection has the advantage 
of a very high impedance presented at pin 
15. The voltage at pin 14 is equal to and 
tracks the voltage at pin 15 due to the high 
gain of the internal reference amplifier R15 
(nominally equal to R14) is used to cancel 
bias current errors. R15 may be eliminated 
with only a minor increase in error. 

Bipolar references may be accommodated 
by offsetting VREF or pin 15 as shown in 
Figure 5-13. The negative common mode 
range of the reference amplifier is given by 
the following equation. The positive com­
mon mode range is V+ less 1.5V. 

VCM- = v- + "REF 0 1kO) + 2.5V 

When a dc reference is used, a reference 
bypass capacitor is recommended. A 5.0V 
TTL logic supply is not recommended as a 
reference. If a regulated power supply is 

used as a reference R14 should be split into 
2 resistors with the junction bypassed to 
ground with a 0.1/LF capacitor. 

For most applications, a + 1 O.OV reference is 
recommended for optimum full scale 
temperature coefficient performance. This 
will minimize the contributions of reference 
amplifier Vas and TCVas. For most applica­
tions the tight relationship between IREF and 
IFS will eliminate the need fortrimming IREF. 
If required, full scale trimming may be ac­
complished by adjusting the value of R14, or 
by using a potentiometer for R14. An im­
proved method of full scale trimming which 
eliminates potentiometer T.C. effects is 
shown in Figure 5-14. 

Using lower values of reference current 
reduces negative power supply current and 
increases reference amplifier negative com­
mon mode range. The recommended range 
for operation with a de reference current is 
+0.2mA to +4.0mA. 

The reference amplifier must be compen­
sated by using a capacitor from pin 16 to V-. 
For fixed reference operation, a 0.01 /LF ca­
pacitor is recommended. For variable refer­
ence applications, see section entitled Ref­
erence Amplifier Compensation for 
Multiplying Applications. 

Multiplying Operation 
The 5007/5008 provides excellent multiply­
ing performance with an extremely linear 

BASIC POSITIVE REFERENCE 
OPERATION 

'REF VREF (+) 

t VAEF 
RREf 

IR141 VREF (-) 

R1. 
'::' 

VREF 255 -
IF. - +-x-Io + 10 = IF. for all logic states 

RREF 256 

MSB 

For fixed reference, TTL operation typical values are: 
VREF = +10,OOOV. RREF = 5.0000 A15 ~ AREF. 
Ce = O,011'F. VLe = OV Igroundl 
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Figure 5-11 

LSB 

SmootiGS 

BASIC NEGATIVE 
REFERENCE OPERATION 

....---"INV--I14 

5007/5008 
e--<)-'\M--115 

-VREF R15 

-VREF 255 
IFS=--X­

RREF 256 

RREF sets IFS. R15 is for bias current cancellation. 

Figure 5-12 

ACCOMMODATING 
BIPOLAR REFERENCES 

IREF ~ Peak Negative Swing of liN 

14 

VIN~-R15{OPTIONAll 15 
HIGH INPUT 
IMPEDANCE 

5007/5008 

+VREF must be above Peak Positive Swing of VIN 

Figure 5-13 

RECOMMENDED FULL SCALE 
ADJUSTMENT CIRCUIT 

LOWT.C. 
4.SKII 

IREF It) 
14 

2mA 5007/5008 

1V-

APPROX 
SKu 

• 

15 

Figure 5-14 



relationship between IFS and IREF over a 
range of 4mA to 4,.A. Monotonic operation 
is maintained over a typical range of IREF 
from 100,.A to 4.0mA. Consult the factory 
for devices selected for monotonic opera­
tion over wider IREF ranges. For better multi­
plying accuracy see the S009 data sheet. 

Reference Amplifier 
Compensation for Multiplying 
Applications 
AC reference applications will require the 
reference amplifier to be compensated us­
ing a' capacitor from pin 16 to V-. The value 
of this capacitor depends on the impedance 
presented to pin 14. For R14 values of 1.0, 
2.S and S.OkO, minimum valuesofCc are 1S, 
37 and 7SpF. Larger values of R14 require 
proportionately increased values of Cc for 
proper phase margin. 

PULSED REFERENCE OPERATION 

OV.n. 

+VREF 

'i 
J. (OPTIONAL RESISTOR 
... FOR OFFSET INPUTS 

RIN ..... RREF 

Rp 

Figure 5-15 

For fastest multiplying response, low values 
of R14 enabling small Cc values should be 
used. If pin 14 isdriven bya high impedance 
such as a transistor current source, none of 
the preceding values will suffice and the 
amplifier must be heavily compensated, 
which will decrease overall bandwidth and 
slew rate. For R 14 = 1 kO and Cc = 1SpF, the 
reference amplifier slews at 4mA/,.s en­
abling a transition from IREF = 0 to IREF = 
2mA in SOOns. 

Operation with pulse inputs to the reference 
amplifier may be accommodated by an al­
ternate compensation scheme shown in 
Figure S-1S. This technique provides lowest 
full scale transition times. An internal clamp 
allows quick recovery of the reference am­
plifier from a cutoff (lREF = OJ condition. Full 
scale transition (Q to 2mA) occurs in 120ns 
when the equivalent impedance at pin 14 is 
2000 and Cc = O. This yields a reference 
slew rate of 16mA/,.s, which is relatively 
independent of RIN and VIN values. 

Interlace Circuits 

VTH - VLC VI TEMPERATURE 
ply. Minimum input logic swing and mini­
mum logic threshold voltage are given by 
this equation. 

2.D 

'.B 
, .. 

~ 1.4 

~ 1.2 

~ 1.0 

~ 0.8 
> 

D .• 

D.' 
0.2 

r--. 
........ 

........ 

50 0 +50 +100 +150 

TEMPERATURE (OC) 

Figure 5-16 

V- + (lREF • 1 kO) + 2.5V 

The logic threshold may be adjusted over a 
wide range by placing an appropriate volt­
age at the logic threshold control in (pin 1, 
VLcl. Figure S-16 shows the relationship 
between VLC and VTH over the temperature 
range, with VTH nominally 1.4 above VLC. 
For TTL and DTL interface, simply ground 
pin 1. When interfacing ECL, an IREF = 1 mA 
is recommended. For interfacing other logic 
families, see Figure S-17. For general setup 
of the logic control circuit, it should be 
noted that pin 1 may source up to 200,.A. 
External circuitry should be designed to 
accommodate this current. 

Logic Inputs 
Fastest settling times are obtained when pin 
1 sees a low impedance. If pin 1 is connect­
ed to a 1kOdivider, for example, it should be 
bypassed to ground by a O.Q1,.F capacitor. 

Analog Output Currents 

The S007/S008 design incorporates a logic 
input circuit which enables direct interface 
to all popular logic families and provides 
maximum noise immunity. This feature is 
made possible by the large input swing 
capability, 2,.A logic input current and com­
pletely adjustable logic threshold voltage. 
For V- = -1SV, the logic inputs may swing 
between -10V and+18V. Thisenables direct 
interface with +1SV CMOS logic, even when 
the S007/S008 is powered from a +SV sup-

Both true and complemented output sink 
currents are provided, where 10 + 10 = IFS. 
Current appears at the true output when a 1 
is applied to each logic input. As the binary 
count increases, the sink current at pin 4 
increases proportionally, in the fashion of a 
positive logic D-to-A converter. When a 0 is 

NOTE 

INTERFACING WITH VARIOUS LOGIC FAMILIES 

VTH:: VLC + 1.4V 

TIL,DTt +15V CMOS,HTL.HNIL 
VTH = +1 .. 4V I VTH = "7.6V I 

:'12VTO"5V~ if'5V I 
) 10KlJ 9.1K!! I 
I v~ I 
I V~I 

I 6.2V 6.2Ku Io.1tJF I I ZENER I 
I - I 

":' I - ":' ":' I 

PMOS 
VTH = OV 1- IN.'4B 

VLe 

10K!! 

. -5VTO-,DV 

-------t-------T-------.L-------------
~~~ :~~8SV 1 ~~OHV=C+~.~~ VT~OK _E'~~9V 

: "DV 
I 6.2K!! 

I 
I 
I~ 
I~ 

I'" 
I":' 
I 
I 
I 

1.3K!1 

3.9Kll 

1Kn 

~5.2V 

00 not exceed negative logic input range of CAC 

Figure 5-17 
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applied to any input bit, that current is 
turned off at pin 4 and turned on at pin 2. A 
decreasing logic count increases 10 as in a 
negative or inverted logic D-to-A converter. 
Both outputs may be used simultaneously. 
If one of the outputs is not required it must 
still be connected to ground or to a point 
capable of sourcing IFS. Do not leave an 
unused output pin open. 

Both outputs have an extremely wide volt­
age compliance enabling fast direct 
current-to-voltage conversion through a 
resistor tied to ground or other voltage 
source. Positive compliance is 36V above V­
and is independent of the positive supply. 
Negative compliance is given by this equa­
tion. 

v- + (\REF • 1 knl + 2.5V 

The dual outputs enable double the usual 
peak-to-peak load swing when driving loads 
in quasi-differential fashion. This feature is 
especially useful in cable driving, CRT de­
flection and in other balanced applications 
such as driving center-tapped coils and 
transformers. 

Power Supplies 
The 5007/5008 operate over a wide range of 
power supply voltages from a total supply of 
9V to 36V. When operating at supplies of 
±5V or less, IREF :0:; 1 mA is recommended. 

Low reference current operation decreases 
power consumption and increases negative 
compliance, reference amplifier negative 
common mode range, negative logic input 
range, and negative logic threshold range. 
Consult the. various figures for guidance. 
For example, operation at -4.5V with IREF = 
2mA is not recommended because negative 
output compliance would be reduced to 
near zero. Operation from lower supplies is 
possible; however, at least 8V total must be 
applied to insure turn-on of the internal bias 
network. 

Symmetrical supplies are not required, as 
the 5007/5008 is quite insensitive to varia­
tions in supply voltage. Battery operation is 
feasible as no ground connection is re­
quired; however, an artificial ground may be 
useful to insure logic swings, etc., remain 
between acceptable limits. 

Power consumption may be calculated by 
this equation. 

Po = (\+)(v+) + (\+)(V-) + (2IREF)(V-) 

A useful feature of the 5007/5008 design is 
that supply current is constant and inde­
pendent of input logic states. This is useful 
in cryptographic applications and further 
serves to reduce the size of the power sup­
ply bypass capacitors. 

682 

Temperature Performance 
The linearity and monotonicity specifica­
tions of the 5007/5008 are guaranteed to 
apply over the entire rated operating 
temperature range. Full scale output cur­
rent drift is low, typically ±10ppm/oC, with 
zero scale output current and drift essential­
ly negligible compared to 1/2 LSB. 

Full scale output drift performance will be 
best with +10.0V references, as Vos and 
TCVos of the reference amplifier will be 
very small compared to 10.0V. The temper­
atu re coefficient of the reference resistor 
R14 should match and track that of the 
output resistor for minimum overall full 
scale drift. Settling times of the 5007/5008 
decrease approximately 10% at -55°C and 
an increase of about 15% at +125° C is typi­
cal. 

Settling Time 
The 5007/5008 is capable of extremely fast 
settling times (typically 85ns at IREF = 
2.0mAl. Judicious circuit design and careful 
board layout must be employed to obtain 
full performance potential during testing 
and application. The logic switch design 
enables propagation delays of only 35ns for 
each of the 8 bits. Settling time to within 1/2 
LSB of the LSB is therefore 35ns, with each 
progressively larger bit taking successively 

longer. The MSB settles in 85ns, thus deter­
mining the overall settling time of 85ns. 
Settling to 6-bit accuracy requires about 65 
to 70ns. The output capacitance of the 
5007/5008 including the package isapprox­
imately 15pF. Therefore the output RC time 
constant dominates settling time if RL > 
5000. 

Settling time and propagation delay are 
relatively insensitive to logic input ampli­
tude and rise and fall times due to the high 
gain of the logic switches. Settling time also 
remains essentially constant for.IREF values 
down to 1.0mA, with gradual increases for 
lower IREF values. The principal advantage 
of higher IREF values lies in the ability to 
attain a given output level with lower load 
resistors, thus reducing the output RC time 
constant. 

Measurement of settling time requires the 
ability to accurately resolve ±4I'A. There­
fore a 1 kO load is needed to provide ade­
quate drive for most oscilloscopes. The 
settling time fixture of Figure 5-18 uses a 
cascode design to permit driving a 1 kO load 
with less than 5pF of parasitic capacitance 
at the measurement node. At IREF values of 
less than 1.0mA, excessive RC damping of 
the output is difficult to prevent while main­
taining adequate sensitivity. However, the 
major carry from 01111111 to 10000000 

SETTLING TIME MEASUREMENT 

!ii!lDotiC!i 

VL 
FOR TURN-ON, VL = 2.7V 
FOR TURN-OFF, Vt = O.7V 

V CL 0-...... _+---' 

Figure 5-18 

.5V 

16K!! 

-15V 
TO D.U.T. 

.1pF 

+.4V 

Your LOV 
~'PRO~OV 
":" -.4V 



provides an accurate indicator of settling 
time. This code change does not require the 
normal 6.2 time constants to settle to within 
±0.2% of the final value; thus, settling time 
may be observed at lower values of IREF. 

The 5007/5008 switching transients or 
glitches are very low and may be further 
reduced by small capacitive loads at the 
output at a minor sacrifice in settling time. 

TYPICAL APPLICATIONS 

Full scale 
Full scale - LSB 

Half scale + LSB 
Half scale 
Half scale - LSB 

Zero scale + LSB 
Zero scale 

POS full' scale 
POS full scale - LSB 

Zero scale + LSB 
Zero scale 
Zero scale - LSB 

Neg full scale + LSB 
Neg full scale 

Fastest operation can be obtained by using 
short leads, minimizing output capacitance 
and load resistor values, and by adequate 
bypassing at the supply, reference and VLC 
terminals. Supplies do not require large 
electrolytic bypass capacitors as the supply 
current drain is dependent of input logic 
states. 0.11'F capacitors at the supply pins 
provide full transient performance. 

BASIC UNIPOLAR NEGATIVE OPERATION 

MSB LSB 

rrn'rrn" J I,~ 
5000!! 

IREF 

~ 2.000mA 

~ 14 5007/5008 
5.000!! 

;;;"'t 1 J. 
E, 

Bl B2 B3 B4 Bs B6 B7 B8 10mA 

1.992 
1.984 

a a 1.008 
a a 1.000 

.992 

a a a a .008 
a a a .000 

Figure 5-19 

BASIC BIPOLAR OUTPUT OPERATION 

+10.000V 

10.000ku 10.000kn 

I,~ E, 
IREF (+) -0-
= 2.000mA 

0-- 14 5007/5008 

~/ 
Eo 

Bl B2 B3 B4 BS B6 B7 B8 

1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 a 
1 a a a a a a 1 
1 a a a a a a a 
a 1 1 1 1 1 1 1 

a a a a a a a 1 
a a a a a a a 0 

Figure 5-20 
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'OmA EO EO 

000 -9.960 .000 
.008 -9.920 -.040 

.984 -5.040 -4.920 

.992 -5.000 -4.960 
1.000 -4.960 -5.000 

1.984 -.040 -9.920 
1.992 .000 -9.960 

EO EO 

-9.920 +10.000 
-9.840 +9.920 

-0.060 +0.160 
0.000 +0.080 

+0.080 0.000 

+9.920 -9.840 
+10.000 -9.920 
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TYPICAL APPLICATIONS (Cont'd) 

SYMMETRICAL OFFSET BINARY OPERATION 

S.Ok!1 

VREF~5~.OVOO~k~II~--------:-:\~~-t~ 
= +10.000V 

B1 
POS fu II scale 1 
POS full scale - LSB 1 

1+) Zero scale 1 
I-I Zero scale 0 

Neg full scale + LSB . 0 
Neg full Beale 0 

POSITIVE LOW IMPEDANCE OUTPUT OPERATION 

5007/5008 

OTO+iFS·Rl 

IFS ~IREF 
256 

E. 

B2 B3 B4 BS B6 B7 Ba EO 
1 1 1 1 1 1 1 +9.920 
1 1 1 1 1 1 0 +9.840 

0 0 0 0 0 0 0 +0.040 
1 1 1 1 1 1 1 -0.040 

0 0 0 0 0 0 1 -9.840 
0 0 0 0 0 0 0 -9.920 

Figure 5-21 

NEGATIVE LOW IMPEDANCE OUTPUT OPERATION 

5007/5008 

OTO-IFSeRL 

IFS=~:: IREF 

For complementary output (operation as negative logic DAC), connect inverting 
input of OP-amp to 10 Ipin 2), connect 10 Ipin 4) to ground. 

For complementary output (operation as a negative logic CAe), connect "on­
inverting input of OP-amp to 10 (pin 2); connect 10 (pin 4) to ground. 

Figure 5-22 
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LOW COST 8-BIT 1 MICROSECOND A-TO-D CONVERTER 

9l!1ROtlC9 

START 

END-Of-ENCODE 

SCHOTIKY 
nL 

LOGIC 

8-BIT ..,...1....... 
OUTPUT '-,r--I r-1...I...I...L,.j ..... ~ 

Figure 5-24 



3 IC LOW COST A· TO·D CONVERTER 

SERIAL 
OUTPUT 

START 

CONVERSION 
COMPLETE 

413121,6643 
I 

SAR 

TTL CLOCK INPUT 0-------' 
2.25MHz 

NOTE 

Connect "start" to "conversion complete" for continuous conversions. 

Figure 5-25 

DC-COUPLED DIGITAL ATTENUATORI 
PROGRAMMABLE GAIN AMPLIFIER 

+10V 
~ov 

-10V 

INPUT 

-15V 

. } Performs 2 quadrant 
Bipolar Input offset multipllcations-AC input 
binary output controls output polarity. 

NOTES 

1. AI =A2=A3 
2. A4=A5 

E, 

3. Ec DC to 20KHz = ±5V 
4. Eo DC to 10KHz = ±10V 

Figure 5·27 
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LOW COST 2-DIGIT BCD DAC 

SKu 

VFS = +9.9V FOR 
,,001 1001) CODe 

NOTE 

Output is directly proportional to positive power supply. 

+10V 
REFERENCE 

NOTES 

Figure 5·26 

HIGH SPEED WAVEFORM GENERATOR 

OUTPUT SWITCH 
TYPE (EO) S(+) 

Unipolar positive + 
Unipolar negative GND 
Bipolar + 

CLOCK INPUT 

AMPLITUDE 
CONTROL 

SKu 

CONDITIONS 
S(-) 

GND 
-
-

R1 
5Ku 

E, 

1. Bipolar output is symmetrical around zero, adjustable peak to peak amplitude. 
2. For triangle wave, count up to full, reverse and count down. 
3. For positive-going saw1ooth, count up to full, clear, repeat. 
4. For negatlve-golng sawtooth, count down, clear, repeat. 
5. For other waveforms, use a AOM programmed with the desired function. 

Figure 5·28 
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AID CONVERTER CIRCUITS 
Conversion schemes usually fall into one of 
two categories: 

Of A Feedback NO Converters 

a. Digital ramp (Counting) 
b. Tracking (Up-down) 
c. Successive approximation' 

Integrating AID Converters 
a. Single slope 
b. Double slope 
c. Triple slope' 

Indirect Schemes 

Feedback Methods 
• Very fast 
• Accurate 
• Good differential linearity 
• Constant conversion time 

Integrating Methods 
• Slow conversion time 
• Accurate 
• Excellent differential linearity 
• Excellent rejection of high frequency 

noise 
• Fixed averaging period, but va:riable con­

version time 

CONSIDERATIONS FOR 
AID CONVERTERS 
• Analog input signal range and resolution 

required 
• Linearity requirement and stability 
• Conversion speed required 
• Monotonicity requirement: Can misSing 

codes be tolerated? 
• Character of input signal: Is it noisy, 

sampled, filtered, slowly varying? 
• Transfer characteristics (Type of coding) 

AID CONVERTER TERMS 

Resolution 
Resolution is the input change required to 
increment the output between the two adja­
cent codes. This term also refers to the 
number of bits in the output word and; 
hence, the number of discrete output codes 
the input analog signal can be broken into. 
Expressed in "bits" resolution. 

Transfer Characteristic 
The Transfer Characteristic is the relation­
ship of the output digital word (code) to the 
input analog signal, I.e., Binary, BCD. 

Conversion Speed 
The Conversion Speed is the speed at which 
an ADC can make repetitive data conver­
sions. 
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Quantizing Error 
Quantizing Error is an inherent error in the 
conversion process due to finite resolution 
(discrete outputl. See Figure 5-29. 

Offset Error 
An Offset Error is shown in Figure 5-30. 

Gain Error 
A Gain Error is shown in Figure 5-31. 

Relative Accuracy 
Relative Accuracy is the deviation of an 
actual bit transition from the ideal transition 
value at any level over the range of the ADC 
(% F.SJ. See Figure 5-32. 

QUANTIZING ERRORS 

111 

110 

DIGITAL 101 
OUTPUT 100 

011 

001 

Y (1/2 LSB) 

DIGITAL 

111 

110 

101 

OUTPUT 100 

011 

010 

001 

Figure 5-29 

OFFSET ERROR 

EIN 

EIN 

123456789 

ANALOG INPUT 

E 

.,".~ ERROR 
FUNCTION . __ 

-1LSB 

Figure 5-30 
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Figure 5-31 

RELATIVE ACCURACY 
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Hysteresis Error 
A Hysteresis Error is the code transition 
voltage dependence relative to the direction 
from which the transition is approached. 

Monotonicity 
Monotonicity is when the output code either 
increases or remains the same for increas­
ing analog input signals. The opposite is 
true in the reverse direction. 

Missing Codes 
A Missing Code is a code combination that 
is skipped. See Figure 5-33. 

·Converter schemes used at Signetics 

111 

110 

101 

DIGITAL 100 

OUTPUT 011 

010 

001 

MISSING CODES 

/ 

"N 
3 4 5 6 7 8 9 10 

ANALOG INPUT 

Figure 5-33 

INTRODUCTION 
The advent of MSI digital logic has made 
feasible the digital display at a reasonable 
cost with virtually all instrumentation now 
taking that course. The key features of 
digital displays are ease of readability and 
high reliability. 

SEVEN SEGMENT DISPLAYS 
Seven segment displays are used for many 
types of applications. These applications 
include: 

Instruments (Industrial) 
• Voltmeters 
• Frequency Counters 
• Digital Thermometers 
• Medical Equipment 
• Process Control Equipment 
• Avionic Displays 

EDP and Minicomputer 
• POS Terminals 
• Calculators 
• Misc. EDP Peripheral Equipment, e.g., 

Tape Drivers 
• Accounting Machines 

Consumer 
• Automotive-Dashboard Indicators 
• Appliances-Ranges, Clocks 
• Audio-Digital Tuning 
• Games 

The most popular and commonly used of 
the various display technologies are: 

• Liquid Crystal Displays (LCD> 
• Light-Emitting Diodes (LED> 
• Gas-Discharge 
• Fluorescent 
• Incandescent 

The choice of which technology to be used 
is often dictated by the system constraints, 
such as: 

• Cost 
• Size 
• Readability (Ambient light) 
• Operating Temperature Range 
• Reliability 
• Power and Supply Limitations 
• Ability to be Multiplexed 

LIGHT-EMITTING DIODES 
(LEDs) 
LED displays have taken over an appreci­
able part of the display market, primarily 
due to: 

• High Reliability 
• Long Life 
• Fast Response Time 
• Low Operating Voltage 
• Ease in Interfacing 

GAS DISCHARGE DISPLAYS 
Gas discharge displays have several advan­
tages over LEDs, LCOs and other displays in 
the applications area. These advantages are 
generally in products where performance, 
rather than cost, is of prime importance. 
These advantages include: 

• Larger Digits 
• Increased Readability in Bright, Ambient 

Light 
• High Reliability 
• Operation in Wide Temperature Ex­

tremes 

Applications for Gas Discharge 
Displays 

Automotive Industry 
• Operating temperature range (-40° F to 

+120°F) 
• LCDs-Freeze at lower temperature 
• LEOs-Poor efficiencies at high temper­

ature 

Avionics 
• Visibility 

SmootiDS 
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• LCOs-Oifficult to multiplex (Poor re­
sponse) 
Poor operating temperature range 
Need direct light 

• LEOs-Poor visibility in bright light 

Games 
• Size and Brightness 
• LCOs-Poor viewing angle 
• LEOs-Not bright enough 

NES80 BAR GRAPH DRIVER 

Bar-graph System Operation 
The bar-graph display is a thick-film planar, 
gas discharge device. The principal ofoper­
ation is called self-scanS, in which a neon 
glow-discharge is propagated from one 
cathode spot to another under one anode. 
The bar-graph device appears as a series of 
cathode bars arranged in a column. A glow 
discharge is continually propagated along 
the column from a keep-alive cathode at one 
end. Provided the scan rate for a whole 
column is above the eye flicker detection 
rate, then the glow appears as a continuous 
column of light. 

Bar-graph Signal Requirements 
The NE580 comprises most oftheelectronic 
components necessary to interface an ana­
log voltage level to the bar-graph display. 
Each column of the display requires an 
anode control signal and each cathode 
(usually from 4 to 7 in number) requires an 
interlaced logic signal of 1/N duty cycle 
(where N is the number of cathode phases). 
The pulse width of each cathode signal is of 
the order of 50 to 1001's. The cathode sig­
nals clock continuously throughout the 
frame period. The anode signal is on only 
for a proportion of time corresponding to 
the input voltage. 

Thus 
TAN 

V,N =VREF x-
200 

for a 200 element device, where TAN is the 
number of cathode clock cycles for which 
the anode is on Figure 5-35 illustrates the 
relative output phaSing of the linear ramp 
cathode and anode lines for 5 phase opera­
tion. 

Circuit Operation 
The NE580 provides the circuitry to gener­
ate all these signals to the point where they 
drive the high voltage display elements. An 
on-Chip clock generator drives the master 
counter and cathode phase generator. 

The clock also gates a constant current 
source which charges the ramp capacitor 
with a staircase waveform of equal incre­
ment steps. These steps correspond to the 
cathode segments. There are two steps per 
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BLOCK DIAGRAM 
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SAMPLE 
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I 
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,. 

15 
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Figure 5-34 

RELATIVE OUTPUT PHASING 

Figure 5-35 
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APPLICATION 

5V 

INPUTS 

Rl 

R2 
NOTES 

1. Schematic shown is for a dual 5 phase 200 element bar~graph. 
2. Rl 14KO 

R2 14KO 
R3 lMO 
Cl O.022~F 

C2 0.47~F 

C3 O.47~F 

segment SO that the comparison of input 
voltage with respect to the ramp is made at 
the mid-point of each segment. The master 
counter inhibits the current source and 
discharges the ramp 'after 200 cathode 
counts. At the 200th count, the ramp voltage 
is strobed into a sample-and-hold amplifier. 
This voltage is compared with the reference 
voltage and a signal fed back to the ramp 
constant cu rrent source. Hence, the maxi­
mum value of the ramp will be adjusted to 
the same level as the reference voltage. 

NE584/585 GAS DISCHARGE 
DISPLAY DRIVERS 

Introduction 
The NE584 and NE585 Gas Discharge Dis­
play Drivers find wide application in driving 
displays such as Burroughs Panaplex II, 
Cherry Plasma-Lux, Beckman SP, etc. They 
feature high reliability, simplicity in inter­
facing, programmable segment current, 

Figure 5-36 

and internal feedback. External compo­
nents required include a resistor used in 
programming the segment currents, and a 
capacitor used in limiting anode bus voltage 
variations. The purpose of this application 
note is to supply the designer with the 
information necessary to design systems 
based on these drivers. 

Selection of Program 
Current Resistor 
The NE584, available in either an eight or 
nine channel unit, drives the cathodes of the 
displays. Segment drive current, a factor in 
determining the brightness of the display, is 
set on all channel outputs simultaneously 
by selection of a single resistor. 

Currents may be programmed up to 3mA (jn 
the internal feedback mode) and up to 5mA 
(when using external feedback or no feed­
back). Component values may be selected 
using Figure 5-37. 

!li!lnotiB!I 
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R3 

= 

Selection of Feedback 
Capacitor 
The NE584 and NE585 may be operated 
with or without feedback. The feedback 
mode may be controlled internally or exter­
nally. When using external feedback cur­
rent, capabilities of the drivers are extended 
as a result of eliminating the power dissipa­
tion in the internal feedback network which 
is a current limiting factor. Also certain 
system timing conditions may make it nec­
essary to operate in this mode because of 
improper feedback operation. Operating in 
the feedback mode offers consistency of 
operation under conditions such as supply 
voltage variations, temperature variations 
blanked leading zeros, variations in display 
panel ionization voltage, component toler­
ances, etc. 

When operating in the feedback mode, a 
capacitor is required to limit variations on 
the anode bus. This prevents the cathode 
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SEGMENT CURRENT 
vs PROGRAM RESISTOR VALVE 
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Figure 5-37 

output from going into saturation causing 
feedback current to flow and anode bus 
voltages to be higher than required. Selec­
tion of this capacitor is mainly determined 
by the cathode pulse width and by the 
segment currents and may be selected us­
ing Figure 5-38. 

·'nterface Considerations 
Input Requirements 
Driver inputs may be directly interfaced with 
TTL, MOS, and C-MOS logic families. Each 
of these logic families will provide enough 
drive to fully enable the driver outputs. 

Unused inputs should not be grounded. 
They should be left open to prevent loading 
of selected inputs. 

Single Supply Operation 
Because of the increased external compo­
nent count, single supply operation is usu-
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SUPPLY VOLTAG~S 
(-100 VOLTS) 

.1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 
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Figure 5-38 

S.OmA 

4.0mA 

3.0mA 

2.0mA 

1.SmA 

1.0mA 

.SmA 

ally not recommended. If it is necessary to 
operate in this mode, all voltage levels must 
be shifted by 1/2 the supply voltage. For 
example: 

Split Supply Single Supply 
PIN ±100 volts +200.volts 

V1 5 to 15 volts 105 to115 volts 
V2 -100 volts o volts 
V3· +100 volts +200 volts 

GND o volts +100 volts 

The input levels must also be shifted. One 
method of accomplishing this is shown in 
Figure 5-39. 

SHIFTING OF INPU.T LEVELS 

+200 I 
I 
I 

50K 
I 
I 

LOGIC I 
INPUT 58' 

OR 
585 

50K 

5K 

OPENR 
COLLECTOR "'=' 
OUTPUT 

NOTE 

Resistor tolerances are critical 

Figure 5-39 

Pull-Up Option 
When operating the drivers at fast scanning 
rates, the turn-off time of the display may 
become a lirniting factor. This may become 
noticeable when operating with a 5 volt 
supply (V1). 

The pull-up option is provided on the seg­
ment driver and is used to decrease turn-off 
delays by allowing charge to be removed 
more quickly from the cath.odes and from 
stray capacitance. This is accomplished by 
grounding this pin, which increases the 
drive currentto the puH-up network. 

Cathode Pull-Up Resistors 
When driving long cables, it is helpful, as 
with all drivers, to add an external pull-up 
resistor from the output of the cathode 
driver to ground. The value of this resistor is 
in the range of 1 Meg, placed close to the 
display, and allows charge to be removed 
more rapidly from both the display and from 
the cable. 
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Timing Considerations 
and Feedback 
A numberof system requirements and panel 
parameters must be considered in making a 
decision as to what constraints should be 
imposed on cathode and anode signals and 
on selecting the frame rate. The two driver 
. modes ·of operation require different timing 
constraints-each mode offering its own 
unique advantages. Feedback Mode­
Variations in both ionization voltages from 
panel-to-panel as well as from digit-to-digit 
within the same panei and in the supply volt­
ages, make it advantageous to float the 
anode bus and make it self compensating 
for such variations. This is accomplished by 
the use of a current feedback scheme and 
imposes constraints on both the duration 
and relative timing of the driver input sig­
nals. 

The feedback scheme is relatively simple­
whenever an input is applied to the cathode 
driver and the display has not yet ionized the 
coincidence of this condition is sensed by 
the cathode driver and a current pulse is 
sent along the feedback link to the digit 
driver. The amplitude of this pulse is propor­
tional to the program current and to the 
number of segment inputs selected. Its du­
ration is equal to the ionization time or to the 
duration of the segment pulse input-the 
shorter of the two. This current pulse is 
sensed by the digit driver, amplified, and is 
used to charge the feedback capacitor. This 
results in an increase in the voltage level of 
the anode bus. 

Once the display is ionized, a current must 
be supplied by the anode bus for the dura­
tion of the cathode input. The cathode driv­
er, which functions as a constant current 
sink, senses this current and terminates the 
feedback current pulse. Once feedback cur­
rent has ceased, the feedback capacitor 
begins to discharge lowering the anode bus 
voltage. The average voltage level on the 
anode bus is stabilized when the charge 
entering the anode bus during the ioniza­
tion time equals the charge leaving the bus 
during on-time ofthe display, cathode pulse 
duration minus the ionization time. This 
level is defined by the supply voltage and 
display panel parameters and is self com­
pensating since the anode bus voltage is 
directly related to the ionization time and 
the ionization time inversely related to the 
anode bus voltage. 

The following constraints are unique to the 
feedback mode of operation. 

1-a A digit input should always be selected 
before or at the same time that one or 
more segment inputs are selected and 
remain on for the duration of the seg­
ment inputs or longer. 



TYPICAL APPLICATIONS 

NOTES 

FEEDBACK MODE 

DIGIT DATA 
INPUT 

SEGMENT DATA 
INPUT 

(al Feedback pins connected together. 
(bl Segment current set by Rp and limited to 3mA. 
(e) Capacitor connected to anode bus to provide feedback. 

DIGIT 
DATA 
INPUT 

FEEDBACK 
LINK 

NOTES 

Figure 5-40 

MULTIPLE ANODE DRIVER 
SINGLE CATHODE DRIVER 

SEGMENT 
DATA 
INPUT 

(a) Digits are multiplexed (only one digit on at any given time). 
(bl Feedback pins are connected together. 

DIGIT DATA 
INPUT 

(e) Anode bus pins are connected together and a single feedback capaCitor used. 
(d) .Max segment current should be limited to SmA. 
(e) If displays with different parameters are used, it may be necessary to operate the 

system fn the non-feedback mode. This may be accomplished by leaving all 
feedback pins open connecting the anode bus pins together and connecting a 
single zener diode of the proper power and current rating to the -V3(+100 volts) 
supply. 

Figure 5-42 

Interface Circuits 

NON-FEEDBACK MODE 

NOTES 

(al Feedback pins left open. 

DIGIT 
DATA 
INPUT 

SEGMENT OAT A 
INPUT 

(b) Segment current set by Rp and limited to SmA. 
(cl Anode bus connectd to V3 supply (+100 voltsl through zener diode 05-20 volt 

range) and maintains anode bus at a constant voltage. 

Figure 5-41 

MULTIPLE ANODE DRIVER 
SINGLE CATHODE DRIVER CONFIGURATION 

SEGMENT 
DATA 
INPUT 

VB + (+100Y) 

Lr_-_-":-~:I"-_-.J1[,,,""--:..---:..---.... -. g~~! 
INPUT 

NOTES 

SEGMENT 
DATA 
INPUT 

(a) Displays are multiplexed in parallel. (Each anode driver output selects two digits­
one from each displayJ. 

(bl Segment currents may be set independently by Rp1 and Rp2 and the total should 
not exceed 5mA. 

(c) All feedback pins are left open. 

(d) Anode bus pin connected to the V3 supply <+100Vl through a zener diode 20volt 
(15-20volt range) and maintains a constant voltage as the anode voltage. 

Figure 5-43 
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1-b Blanking should be accomplished by 
inhibiting segment inputs or both seg­
ment and digit inputs. 

2. For large cathode pulse widths com­
bined with high segment currents, it is 
recommended that the non-feedback 
mode be used a result of limitations on 
the magnitude of the feedback current 
and on power diSSipation. If any of the 
constrai nts are not met, then the non­
feedback mode of operation should be 
used. 

The following constraints are common to 
both modes of operation. 

1. Adequate blanking should be used 
when scanning digits sequentially to 
inhibit adjacent digit arcing. Interlac­
ing of digits may be used to eliminate 
the necessity for such blanking, but 
this in many cases will require a greater 
amount of hardware. Typical blanking 
time would range between 10-20% of 
total digit time. 

2. Minimum pulse widths forthesegment 
inputs should be typically greater than 
2001'S so that variations in ionization 
time do not cause brightness varia­
tions in displays. 

3. 

4. 

Scanning rate should be greater than 
50Hz to prevent flickering of display. 

Brightness of the display is directly 
proportional to the segment current 
level and to the cathode input pulse 
width. Typically, the brightness may be 
varied over a 3:1 range by variation of 
segment current and over a 10:1 range 
by variation of cathode pulse width. 
Both ranges are dependent on display 
parameters. 

CONCLUSION 
The switching of the high voltages neces­
sary for display panels has long presented 
difficulties to the semiconductor industry­
particularly to the IC manufacturers. Sig­
netics now makes available a driver set 
capable of switching these high voltages 
with high reliability and ease in interfacing. 
Flexibility in configuring systems and small 
external component count, together with 
internal feedback and programmable seg­
ment current capabilities is why Signetics 
drivers find such wide applications in termi­
nals, calculators, clocks, electronic games, 
instrument, cash registers, and medical 
equipment. 

MULTIPLE ANODE AND CATHODE DRIVER CONFIGURATION 

SEGMENT 
DATA 
INPUT 

SEGMENT 
DATA 
INPUT 

NOTES 

DIGIT 
DATA 585 
INPUT '-'---"l_T"'T_..1 

584 

Rp2 

YB+ (+100V) 

~:====::::: g~,;,r 
.... "'T"T""...... INPUT 

585 

(a) ExtenSion to the concepts presented in Figure 5-42 and 5-43. Non-feedback mode 
employed. 

(b) Segment currents independently set and their sum limited to SmA. 

Figure 5-44. 
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APPENDIX A 

DRIVER-INTERCONNECTION 
DIAGRAM 

ANODE 
INPUT 

FEEDBACK 
LINK 

CATHODE 
INPUT 

PULL-UP 
OPTION 

-PROGRAMMING 
CURRENT 

Vee Ys- (-100±10%) 

(5 TO 15 VOLTS) 

Figure 5-46 

APPENDIX B 
NE584/585 Digital Clock Application 
The system operates in the non-feedback 
mode. A 15V zener diode maintains the 
anode bus at +85 volts which allows for 
variations in display panel ionization volt­
age. Display segment current is pro­
grammed by R1 and is set at 5mA to allow 
maximum brightness. No other external 
components are required for interfaCing. 

DESCRIPTION OF OPERATION 
A three position brightness control is pro­
vided as well as a blanking switch. When in 
the blanking mode of operation the clock 
operates in a normal manner, but the dis­
play is blanked. Controls are provided for 
setting the time. The hours digit will be 
advanced by depressing S2. Minutes may 
be advanced in ten minute increments by 
depreSSing S3 and in one minute incre­
ments by depressing S2 and S3 simultane­
ously. A count inhibit switch is also pro­
vided which will allow setting of seconds. 

A snooze alarm feature may be added by 
adding additional switches which allow the 
following pins in the Mostek chip to be 
connected to +15 volts. Pin (12) alarm en­
able, Pin (15) alarm set, Pin (11) snooze. In 
the alarm set mode the alarm time is dis­
played and may be set. The snooze feature 
will temporarily turn off an activated alarm 
for ten minutes. 
An output tone, available at Pin (13), is in the 
range between 400-600Hz and when buf­
fered is used to drive a speaker. 



PARALLEL INPUT DIGIT DRIVER OUTPUTS 

DIGIT DATA INPUT 

NOTES 

SEGMENT DATA 
INPUT 

SEGMENT DATA 
INPUT 

(a) Corresponding inputs and outputs on each digit driver are connected together 
directly. 

(bl Non-feedback mode is used. 
(el Max segment current should be limited to 5mA on each cathode driver and digit 

current limited to 60mA where 10 = I Is. 
Cd) Separate zener diodes may be used to decrease power ratings, but a single diode may 

also be used and the anode bus pins tied together, 
(e) Extended current capability of the 585 is increased to 60mA. 

Figure 5-45 

COMPARATORS 
Voltage comparators are high gain differen­
tial input-logic output devices. They are 
specifically designed for open loop opera­
tion with a minimum of delay time. Although 
variations of the comparator are used in a 
host of applications, all uses depend upon 
the basic transfer function of Figure 5-49. As 
shown device operation is simply a change 
of output voltage dependent upon whether 
the Signal input is above or below the 
threshold input. The threshold in this exam­
ple is 0 volts. 

Comparator inputs are customarily marked 
with plus or minus signs to indicate their 
polarity. For example the circuit of Figure 5-
50 produces a logic 1 level when the non­
inverting input is more positive than the 
reference voltage. 

DEFINITIONS 
Many similarities exist between operational 
amplifiers and the amplifier section of volt­
age comparators. In fact op amps can be 

used to implement the comparator function 
at low frequencies. 

Thus, the characteristic definitions present­
ed here are similar to those reviewed for op 
amps in Section 3. 

Input Offset Voltage 
As with operational amplifiers the non-ideal 
comparator possesses some offset voltage. 
The definition differs slightly in that the 
output structure of comparators is digital 
rather than linear. Hence, input offset volt­
age is defined for comparators as the dc 
voltage required at the input to force the 
output to the logic threshold of ensuing 
devices (1.2 volts for TTl). 

Input Offset Current 
Imbalances of input bias current arise from 
small variances of the junction geometry of 
the differential input amplifier. As for op 
amps, the imbalance is referred to as input 
offset current. 

s~nDtics 
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Bias Current 
As with op amps the input structure of 
comparators is usually a differential bipolar 
stage. Hence, the average input current 
required defines bias current. 

Common Mode Range 
When speCifying voltage comparators one 
of the key parameters is common mode 
range, which is defined as the range of 
voltages over which both inputs can be 
varied simultaneously without abnormal 
output voltage transitions. This parameter 
must be kept uppermost in the designer's 
mind because the reference and Signal volt­
ages become common mode signals at 
threshold. All ranges of input signals thus 
must be within the common mode range of 
the input amplifier. 

Voltage Gain 
Specifications of voltage gain refer to the 
overall gain of the device, the bulk of which 
occurs in the amplifier section. 

In general higher gains would be advanta­
geous for resolving smaller input signals. Of 
course the propagation delay suffers due to 
the more severe saturation of the transis­
tors. Typical gains for TTL output devices 
are set for 5000 volts per volt. This gain 
provides 5 volts of output swing with 1mV 

DRIVER INTERFACING 

CLOCK INPUT 

+1' 

Figure 5-47 
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POWER SUPPLY DIAGRAM 

r-------~~----------------------_oCLOCK 

,-----------------_0 +.2 

t-----_---o +100 

L __ ...I-_----t--<> -'00 

C4 

~------~~--~----~--------+---~--~END 

Figure 5-48 

input signal change for reasonable accura­
cy but does not contribute severely to the 
overload recovery delay. 

Propagation Delay 
Voltage comparisons of analog signals with 
a reference voltage usually require that the 
operation take as little time as possible. 
Long delays in the comparator cause a 
pulse position error at the output since the 
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FIgure 5-49 

analog signal in the meantime has changed 
value. At low frequencies the delay is of 
small consequence but at higher frequen­
cies, transit time becomes intolerable. De­
sign of voltage comparator devices includes 
as a prime goal, the minimizing of transit 
times. 

Propagation delay testing is done under 
worst case conditions. The recovery from 
saturation varies depending upon the initial 
state of the amplifier and the overdrive. 
Worst case conditions begin applying a 
100mV signal on the reference terminal. 
With no signal applied the amplifier is in 
saturation in one direction. A step input 
pulse on the signal line of 100mV ± Vos will 
bring the amplifier to a threshold level. 
Propagation delay at this point is undefined 
since the output has not switched. 

To attain output switching a small overdrive 
is necessary. Propagation delay is tested in 
a configuration such as Figure 5-51. The 
input is a step function of 100mV plus a 
specified excess or overdrive signal. This 
causes the amplifier to be exercised from 
saturation in one direction to saturation in 
the other for worst case propagation delay. 
Note that larger overdrive improves delay 
time as can be seen in Figure 5-52. An 
overdrive of 5mV causes 12ns delay, where­
as a 100mV overdrive improves transit time 
to only 6ns. 

BASIC COMPARATOR CIRCUIT 

VSIGNAL 0----<1 ___ -1 

Figure 5-50 
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If the measurement were made without 
initial saturation (less than 100mV V thresh­
old) the delay time would be smaller, due tei 
the smaller storage times of unsaturated 
transistors. 

STATE-OF-THE-ART 
Comparator design has always been opti­
mized for four basic parameters. They are: 
1. High Speed 
2. Wide Input Voltage Range 
3. Low Input Current 
4. Good Resolution 

Unfortunately these four parameters are not 
compatible. For instance gain and input 
current can be improved by using thinner 
diffusions for higher beta, but only at the 
expense of input voltage range. Highergain 
also means higher saturation for an in­
crease in delay time. So it becomes obvious 
that comparators such as the 526 were 
designed with the best compromises in 
mind using standard processing. 

One method of improving overall response 
adds gold doping to the processing flow. 
The gold dopant causes a decrease in mi­
nority carrier lifetime which aids the recom­
bination process and shortens the satura­
tion recovery time. Unfortunately the 
transistor beta is adversely affected by gold 
causing slightly higher bias and offset cur­
rents. 

PROPAGATION DELAY 
TEST SETUP 

SIGNAL 

100 mVPlUS 
OVERDRIVE -= 

Figure 5-51 

It was not until the advent of the Schottky 
clamp that a vast improvement in speed 
without input degradation was possible. A 
very familiar term in the semiconductor 
industry, the Schottky barrier diode's (SBD) 
location is illustrated in Figure 5-53. 

The Schottky clamped transistor is formed 
by parallelling the Schottky diode with the 
base-collector junction of the npn transis­
tor. Without the clamp, as base drive is 
increased the collector voltage falls until 
hard saturation occurs. At this point the 
collector voltage is very near the emitter 



RESPONSE TIME FOR NE/SE521 
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Figure 5-52 

vo.ltage, and sto.red charges in the junctio.ns 
causes slew reco.very fro.m saturatio.n after 
base drive has been remo.ved. The forward 
vo.ltage dro.p o.f the Scho.ttky dio.de is 0.4 
vo.lts-Iess than the fo.rward dro.p o.f silico.n 
dio.des. This difference in fo.rward dro.p is 
used by placing the dio.de acro.ss the tran­
sister base-co.llecto.r junctio.n. The Scho.ttky 
dio.de beco.mes fo.rward biased when the 
co.llecto.r vo.ltage falls 0.4 vo.lts belo.w the 
base vo.ltage. Excess base drive is then 
shunted into. the co.llecto.r circuit pro.hibit­
ing the transisto.r fro.m reaching classic 
saturatio.n. With almo.st no. sto.red charge in 
either the SBD o.r the transisto.r, there is a 
large reductio.n in sto.rage time. Thus, tran­
sister switching time is Significantly re­
duced. 

A cress sectio.nal area o.f the Scho.ttky diode 
is shewn in Figure 5-54. 

SCHOTTKY CLAMPED 
TRANSISTOR 

Figure 5-53 
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SCHOTTKY CLAMPED TRANSISTOR GEOMETRY 

COLLECTOR CONTACT 

EMITTER CONTACT 

Figure 5-54 

COMPARING THE 
COMPARATORS 

Presently available co.mparato.r IGs range 
fro.m the ultra fast 521 to. the general pur­
po.se co.mparato.r fashio.ned fro.m an inex­
pensive o.p amp. Selectio.n o.f the device 
depends upo.n the applicatio.n in which it 
will be used. Often times speed o.f co.nver­
sio.n is of primary impo.rtance to. minimize 
pulse po.sitio.n erro.rs o.f high frequency 
signals. At ether times the parameters are 
much less stringent allo.wing the use o.f a 
general purpo.se co.mparato.r. 

A handy reference guide to. the majo.r pa­
rameters is summarized in Table 5-3. At a 
glance the necessary parameters can be 
cho.sen to. select the pro.per device. 

Propagation Vos los Iblas 
Device Delay (ns) (mV) (ILA) (ILA) 

521 12 7.5 5 20 

522 15 7.5 5 20 

526 48 5 5 35 

527 26 6 0.75 2 

529 22 6 5 20 

521/522 Comparators 
A general descriptio.n o.f the co.mparato.r 
devices is included here to. familiarize the 
user with available devices and their advan­
tages. 

Processed with state-o.f-the-art Scho.ttky 
barrier dio.des the 521/522 series devices 
provide geed input characteristics while 
pro.viding the fastest analo.g to. TTL co.nver­
sio.n to. date. To.tal delay fro.m input to. o.utput 
is typically 6ns with a guaranteed speed o.f 
12ns. Additio.nal features o.f this device in­
clude the dual co.nfiguratio.n and individual 
o.utput strobes to. simplify system Io.gic. The 
522, altho.ugh sacrificing some speed, fea­
tures o.pen co.llecto.r o.utputs fer party line o.r 
wired-OR co.nfiguratio.ns fer additio.nal 
system flexibility. 

CMR 
Gain (V) Benefits 

5000 ±3 Dual, very fast, standard sup-
plies, TTL co.mpatible, individ-
ual & co.mmo.n strebe. 

5000 ±3 Same as 521 plus o.pen co.llec-
to.r o.utputs fer additio.nal de-
ceding. 

- +4.2 General purpo.se, ±5V sup-
-3.2 plies, strebe, separate amplifi-

er o.utput, large co.mmo.n mo.de 
range. 

5000 ±6 Fast, very lew input current, 
differential o.utputs, flexible 
surplus wide co.mmo.n mo.de 
range. 

5000 ±6 Same as 527 but with faster 
respo.nse. 

NOTE Parameters are based on minimax limits at 25° C as defined in the individual data 
sheet. 

Table 5-3 COMPARATOR SELECTION GUIDE 
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526 Comparator 
The 526 is a medium speed analog compa­
rator intended for applications where rapid 
recovery from common mode or differential 
overdrive is necessary. The circuit consists 
of a medium gain differential amplifier and 
high speed TTL gate, Compatible with all 
TTL logic families, the 526 provides inde­
pendent amplifier and gate outputs and 
operates from standard ±5 volt supplies. 

If desired more than one gate may be driven 
from the 526 amplifier output. Should this 
be necessary, a 5k ohm pull down resistor 
from the amplifier output to V- should be 
added to increase the sink current capabili­
ty as shown in Figure 5-55. More than one 
amplifier may also be tied together for sys­
tem flexibility. This configuration produces 
the logic NOR of 2 analog signals at the 
output of the gate. 

INCREASING AMPLIFIER 
SINK CURRENT 

OUTPUT 1 

OUTPUT 2 

-5 V 

Figure 5-55 

527 Comparator 
Featuring darlington inputs for very low bias 
current, the 527 is generically related to the 
529 comparator. Emitter follower inputs to 
the differential amplifier are used to trade 
better input parameters for slightly less 
speed. As Table 5-3 shows, a factor of 10 
improvement in IBIAS is gained with an in­
crease of propagation delay of only 4ns 
maximum. 

529 Comparator 
Second in speed only to the 521 device, the 
529 is also manufactured using Schottky 
technology. Although a few nano seconds 
slower than the 521, the 529 features vari­
able supplies from ±5 to ±10 volts with a 
high common mode range of ±6 volts. Both 
the' 527 and 529 Schottky comparators 
boast complimentary logic outputs with 
output A being in phase with input A. In 
addition the supplies of both the 527 and 
529 may be non-symmetrical to produce a 
desired shift in the common mode range. 
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This technique is illustrated by the ECl to 
TTL and TTL to ECl translators of Figures 
5-65 and 5-66 respectively. The only major 
requirement of the supplies is that the neg­
ative supply be at least 5 volts more nega­
tive than the ground terminal of the gate. 
This is necessary to insure that the internal 
bias arrangement has sufficient voltage to 
operate normally, 

APPLICATIONS 
Today's state-of-the-art ultra-high speed 
comparators are capable of making logic 
decisions in less than 10 nano seconds. 
They are easily applied and possess good 
input and power supply noise rejection. As 
with all linear ICs however, some prelimi­
nary steps should be taken in their use. 

General Precautions 

Layout 
The comparator is capable of resolving sub­
millivolt signals. To prevent unwanted sig­
nals from appearing at signal ports, good 
physical layout is required. For any high 
speed design,ground planes should be 
used to guard against ground loops and 
other sources of spurious signals. At high 
frequencies hidden Signal paths become 
dominant. Of a particular nuisance is distri­
buted capacitance. If care is not taken to 
isolate output from input, distributed capac­
itance can couple a few millivolts into the 
input, causing oscillation. 

Another source of spurious signal is ground 
current. Input structures are relatively high 
impedance while the gate structures of 
comparators run with large signal and 
ground currents. If this gate ground current 
is allowed to pass near the input signal path, 
the small impedances of the ground circuit 
will cause millivolt changes in reference or 
signal voltages producing errors, sustained 
oscillation, or ringing. A ground plane ar­
ranged such that output currents do not 
flow near input areas is highly recom­
mended. 

Power Supplies 
Another general precaution that should 
always be exercised is power supply by­
passing. As mentioned the name of the 
game is speed. Very high speed gates are 
used to produce the desired output logiC 
levels. Maximizing response speed also re­
quires higher current levels, giving rise to 
power supply noise. For this reason good 
power supply by-passing is always manda­
tory very close to the device itself. A tanta­
lum capacitor of 1 to 10l'F in parallel with 500 
to 1000pF will prove effective in mostcases. 
lead lengths should be as short as physical­
ly possible to preserve low impedances at 
high frequency. 
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Unused Inputs 
Some currently available comparators such 
as the 521 and 522 are dual devices. Most 
often both sections of these devices will be 
utilized. Should a system utilize one device, 
the unused inputs should be biased in a 
known condition. The high gain-bandwidth 
may otherwise cause oscillations in the 
unused comparator section. A low imped­
ance should be provided from both unused 
inputs to ground. A resistor of relatively 
high impedance may then be used to supply 
a differential input on the order of 100mV to 
insure the comparator assumes a known 
state. 

If the inverting input is tied to the positive 
differential voltage the gate output will be 
low. The strobe inputs then provide a means 
of utilizing the Schottky gate for other sys­
tem logic functions. 

Common Mode Signals 
As defined previously manufactu rers speci­
fy the maximum voltage range over which 
the inputs may be taken. In addition the 
maximum differential voltage that may be 
safely applied to the inputs is specified. In 
the case of the 529 comparator the differen­
tial voltage is restricted to less than ±5volts, 
with a common mode of ±6 volts. That these 
two quantities interact cannot be over­
looked during application. For instance with 
both inputs at ±4 volts the common mode 
restriction is satisfied. If V ref is now left at 
+4 volts the signal input may not be taken 
below ground more than 1 volt because the 
differential sig nal becomes 5 volts. 

It is important to observe this maximum 
rating since exceeding the differential input 
voltage limit and drawing excessive current 
in breaking down the emitter-base junctions 
of the input transistors could cause gross 
degradation in the input offset current and 
bias current parameters, 

Exceeding the absolute maximum positive 
input voltage limit of the device will saturate 
the input transistor and possibly cause dam­
age through excessive current. However, 
even if the current is limited to a reasonable 
value so that the device is not damaged, 
erratic operation can result. 

Input Impedance 
The differential bias and offset currents of 
comparators are minimized by design. As 
was painted out for op amps, the input 
resistance seen by both inputs should be 
equal. This reduces to a minimum the con­
tribution of offset current to threshold error. 
Unbalanced input impedance also adds to 
the offset error due to the difference in volt­
age drop across the input resistances. 



BASIC APPLICATIONS 
The basic comparator circuit and its trans­
fer function were presented by Figures 5-49 
and 5-50. 

When the input exceeds the reference volt­
age, the output switches either positive or 
negative, depending on how the inputs are 
connected. 

The vast majority of specific applications 
involve only the basic configuration with a 
change of reference voltage. A to D con­
verters are realized by applying the signal to 
one terminal and the voltage derived from a 
ladder network to the other. Limit detectors 
are likewise made from only the very basic 
circuit. Both are only a small deviation from 
the basic level detector. 

Hysteresis 
Normally saturated high or low, the amplifi­
ers used in voltage comparators are seldom 
held in their threshold region. 

They possess high gain-bandwidth prod­
ucts and are not compensated to preserve 
switching speed. Therefore if the compared 
voltages remain at or near the threshold for 
long periods of time, the comparator may 
oscillate or respond to noise pulses. For 
instance this is a common problem with 
successive approximation D/A converters 
where the differential voltage seen by the 
comparator becomes successively smaller 
until noise signals cause indecision. To 
avoid this oscillation in the linear range, 
hysteresis can be employed from output to 
input. Figure 5-56 defines the arrangement. 
Both positive and negative feedback is pro­
vided by RIN and R/. 

Hysteresis occurs because a small portion 
of the "one" level output voltage is fed back 
in phase and added to the input signal. This 

LEVEL DETECTOR WITH HYSTERESIS 

RF 
V,N o-"""-.-T----¥>I'r-------, 

Figure 5-56 

o VOLT LEVEL DETECTOR 
WITH ± 10mV HYSTERESIS 

INPUT (10 mY/em) 

Figure 5-57 

feedback aids the signal in crossing the 
threshold. When the signal returns to the 
threshold, the positive feedback must be 
overcome by the signal before switching 
can occur. The switching process is then 
assured and oscillations cannot occur. The 
threshold "dead zone" created by this meth­
od, illustrated in Figure 5-57, prevents out­
put chatter with signals having slow and 
erratic zero crossings. 

As shown in Figure 5-56 the voltage feed­
back is calculated from the expression: 

VHYST = _E.::,O=..UT,--o _RIc.;N 
RIN+ Rf 

where EOUT is the gate output voltage. The 
hysteresis voltage is bounded by the com­
mon mode range and the ability of the gate 
to source the current required by the feed­
back network. If symmetrical hysteresis is 
desired an additional inverting gate is re­
quired if the comparator does not have 
differential outputs. The 527 and 529 de­
vices provide inverted signals from differen­
tial outputs while the 521, 522 and 526 
devices will require the inverter. Care 
should be taken in the selection of the 
inverter that propagation delay is minimum 
especially for very high speed comparators 
such as the 521. 

Line Receiver 
Retrieving signals which have been trans­
mitted over long cables in the presence of 
high electrical noise is a perfect application 
for differential comparators. Such systems 
as automated production lines and large 
computer systems must transmit high fre­
quency digital signals over long distances. 
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If the twisted pair of the system is driven 
differentially from ground, the signals can 
be reclaimed easily via a differential line 
receiver. 

Since the electrical noise imposed upon a 
pair of wires takes the form of a common 
mode signal, the very high common mode 
rejection of the 521/522 makes the unit ideal 
for differential line receivers. Figure 5-58 
depicts the simple schematic arrangement. 
The 521 is used as a differential amplifier 
having a logic level output. Because com­
mon mode signals are rejected, noise on the 
cable disappears and only the desired dif­
ferential signal remains. Figure 5-59 illus­
trates the 521 response to the 200mV peak 
to peak 10MHz differential signal. In Figure 
5-60 the same signal has been buried in 5 
volts peak to peak of 1 MHz common mode 
"noise." 

As shown the circuit suffers no degradation 
of signal. If desired several 522 comparators 
may be "wire OR'd," ora latch output can be 
accomplished as shown. 

The 521 and 529 comparators have the 
advantage of wider bandwidth to permit 
higher data rates. Where speed is slower the 
526 comparator will also provide the excel­
lent common mode rejection needed for line 
receiving. 

Double Ended Limit Detector 
Many system designs require that it be 
known when a signal level lies between two 
limits. This function is easily accomplished 
with a single 522 package. The schematic 
and transfer curve of the circuit is shown in 
Figure 5-61. 

Each half of the 522 is referenced to the 
desired upper or lower voltage limit produc­
ing the desired transfer curve shown. Tak­
ing advantage of the dual configuration and 
the open collectors of the 522 minimize 
external components and connections. 

Crystal Oscillator 
Any device with a reasonable gain can be 
made to oscillate by applying positive feed­
back in controlled amounts. The 521 will 
lend itself to crystal control easily, provided 
the crystal is used in its fundamental mode. 
Figure 5-62 shows a typical oscillator cir­
cuit. 

The crystal is operated in its series resonant 
mode, providing the necessary feedback 
through thecapacitorto the input of the 521. 
The resistor Radj is used to control the 
amount of feedback for symmetry. Oscilla­
tions will start whenever a circuit disturb­
ance such as turning on the power sup­
plies occurs. The 521 will oscillate up to 
70MHz. However, crystals with frequencies 
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higher than about 20MHz are usually oper­
ated in one of their overtones. To build an 
oscillator for a specific overtone requires 
tuned circuits in addition to the crystal to 
provide the necessary mode suppression. If 
the spurious modes are not tuned out the 
crystal will oscillate at the fundamental 
frequency. Higher frequency oscillators 
could be realized using input and output 
mode suppression or tuning. The 522 is 
especially desirable since the bare collector 
topology allows the output to be collector 
tuned readily. 

Analog to Digital Converter 
There are many types of A to D converter 
designs, each having its own merits. How­
ever, where speed of conversion is of prime 
interest the multi-threshold conversion type 
is used exclusively. It is apparent from Fig­
ure 5-63 that the conversion speed of this 
design is the sum of the delay through the 
comparator and the decoding gates. 

The sacrifices which must be made to ob­
tain speed are the number of components, 
bit accuracy and cost. The number of com­
parators needed for an N-bit converter is 
2n-l. Although the 521 provides two com­
parators per package, the length of parallel 
converters is usually limited to less than 4 
bits. Accuracy of multi-threshold A-D con­
verters also suffers since the integrity of 
each bit is dependent upon comparator 
threshold accuracy. 

The implementation of a 3-bit parallel A-D 
converter is shown in Figure 5-64 with a 3-
bit digital equivalent of an analog input 
shown in Figure 5-63. 

Reference voltages for each bit are devel­
oped from a precision resistor ladder net­
work. Values of Rand 2R are chosen so that 
the threshold is one half of the least signifi­
cant bit. This assures maximum accuracy of 
±1/2 bit. 

It is apparent from the schematic that the 
individual strobe line and duality features of 
the 521 have greatly reduced the cost and 
complexity of the design. The speed of the 
converter is graphically illustrated by the 
photo of Figure 5-63. All 3-bit outputs have 
settled and are true a mere 15ns after the 
input step of 3 volts has arrived. The output 
is usually strobed into a register only after a 
certain time has elapsed to insure that all 
data has arrived. 

logic Interface 
During the design of the 527 and 529 de­
vices, particular attention was paid to the 
biasing network so that balanced supplies 
need not be provided. For example, if the 
"ground" terminal is set at -5.2 volts and the 
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other supplies are adjusted accordingly, the 
output logic 1 state will be at -1.5 volts and 
logiC 0 will be at -5.0 volts. With this freedom 
of power supply voltage, the user may ad­
just the output swings to match the desired 
logic levels even if that logic is other than 
TTL levels. 

ECl to TTL Interface 

INPUT 
1V/cm 

, . 
3 

2 

1 

1 

Emitter coupled logic is becoming very 
popular due to its speed. Systems are often 
built around standard TTL logiC with those 
portions requiring higher speed being im­
plemented with emitter coupled logic. As 
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soon as such a decision is mapa the prob-' 
lem of interfacing TTL to ECl logic levels is 
encountered. The standard logic output 
swings Of ECl are -O.SV to -1.SV at room 
temperatures. Converting these signals to 
TTL levels.is acComplished simply by using 
the basic voltage cOmparator circuit with 
slight modifications. Figure 5-65 reveals 
that the power supplies have been shifted in 
order to shift the common mode rangsmore 
negative. This insures that the common 
mode range is not exceeded by the logic 
inputs. Since ECl is extremely fast the 529 
.is usually selected because of. its superior 
speed so that a minimum of time 'is lost in 
translation. 

TTL to ECl 
Operating in the reverse, TTL levels can also 
be converted to ECl levels bythe529. Again 
the 529 is selected as the fastest converter 
with the necessary power supply flexibility 
to accomplish the level shifting with a mini­
mum of effort and cost. 

A check of output voltage for the 529 reveals 
that the voltage is slightly less than required 
by the ECl logic for fast switching. R2 and 
the diode of Figure 5-66 raises the gate 
supply voltage and therefore the 529 output 
voltage by 0.7V sufficient to guarantee fast 
switching of the translator. Resistive pull up 
from the 529 output to Vee can also be used 
with the gate supply grounded. This method 
is dependent upon RC time constants of 
distributed capacitance and is therefore 
much slower. 

Photo Diode Detector 
Responding to the presence or absence of 
light, the photo diode increases or de­
creases the current through it. Detecting the 
changes becomes a matter of converting 
light and dark currents to voltage across a 
resistor as shown in Figure 5-67. R1 is 
selected to be large enough to generate 
detectable differences between light and 
dark conditions. Once the signal levels are 
defined by R1 and the diode characteristics, 
the average between light and dark signals 
is used for V reference and is produced by 
the resistive divider consisting of R1 and R2. 
The comparator then produces an output 
dependent upon the presence or absence of 
light upon the diode. 

SENSE AMPLIFIERS 
Closely related to the comparator is the 
sense amplifier. Signals derived from the 
many sources such as transducers and core 
memories are not of sufficient amplitude to 
be compatible with subsequent logic. It then 
becomes necessary to amplify and convert 
the signal to TTL levels, which is the respon­
sibility of the sense amplifier. 
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As an example, the 1103 MOS RAM output is 
of the bare drain variety. Hence the output 
of the memory takes the form of a current for 
a one level with·zero current for a zero level. 

It remairis, then,' for the user to convert 
these currents to TTL levels: A terminating 
resistor from the drain to ground provides a 
voltage output proportional to the current 
and the resistor size. larger signals can be 
produced by larger resistors; but in practice 
resistors larger than 1 k ohm are avoided 
because of increasing access time. Distrib­
uted capaCitance forms a time constant with 
this output resistance causing slow rise and 
fall times when the resistor is large, adding 
to the access time. 

Virtually any voltage comparator or sense 
amplifier can be used. Sincetotal time is the 
sum of all delays, the sense amplifier is most 
often the fastest available. Signetics com­
parators 521 and 522 are ideal in this appli­
cation because of low input offset voltages 
and very fast response, Using these Schott­
ky clamped comparators significantly re-. 
duces the total cycle time of the memory. 

Design of the sense amplifier network de­
pends upon t.he 1103 used (1103 or 1103-1) 
and the input characteristics .. Two sense 
amplifiers will be discussed in this applica­
tion, the 521/522 and the 751 071751 OS. Both 
sets of devices are very similar in operation 
with basic differences in input parameters 
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• 
and speed. The significianl specifications 
are given in Table 5-4. 

DEVICE VoslmV) IBIMA) VIN IMIN)(mV) 
SPEED INS) 
IV IN =100mV) 

521 10 40 15 12 
522 10 40 15 15 
75107 - 75 25 25 
75108 - 75 25 25 

Table 5-4 IMPORTANT SENSE 
AMPLIFIER PARAMETERS 

GAIN 

5000 
5000 

-
-

Consideration must first be given to the 
differential input voltage requirements of 
the sense amplifier. The required reference 
voltage is calculated from the relationship: 

Vref ,.; (11 - IB) R1 - Vdiff 

Where 11 is the 1103 output current, 18 is 
sense amplifier bias current and Vdill is 
minimum differential voltage to switch the 
sense amplifier. 

Thus, referring to Figure 5-68, the calcula­
tion for the 522 and the 1103-1 becomes: 

Vref"; 1900"A - 40"A) R - 15mV 

Hence Vrel must be less than 71mV fora 100 
ohm resistor. Values of R1 can be selected 
from 100 to 1000 ohms. Resistor values less 
than 100 ohms do not produce sufficient 
voltage swings while values over 1k ohm 
tend to generate excessive noise from 
capacitively coupled signals. 

In large systems noise coupled into the 
sense lines by stray capacitance can be very 
troublesome. Judicious layout patterns with 
sense lines being as short as possible will 
help, but large memories can still be difficult 

PHOTO DIODE DETECTOR 
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to control. One method of eliminating noise 
is to use a balanced sense line as shown in 
Figure 5-69. 

During layout a dummy line is run parallel to 
the actual sense line in as close proximity as 
possible. One end is connected to the sense 
amplifier at the Vrel point while the other end 
is left open. The normal sense line is con­
nected as usual. Electrical noise imposed 
upon the pairof sense lines takes the form of 
a common mode signal and will be rejected 
by the sense amplifier. Signal currents in the 
sense line, on the other hand, form differen­
tial signals at the sense amp causing the 
output to SWitch. 

Core Memory Sense Amps 
The core memory is another device requir­
ing a sense amplifier. 

Figure 5-70 shows a simplified block dia­
gram of memory organization in a compu­
ter: The appropriate command to the ad­
dress register selects the appropriate x and 
y address lines. Two wires are threaded 
through each core. One is common to all 
cores in that column arranging a matrix in 
which any x-address line and anyy-address 
line has only one core in common. 

Both reading and writing are accomplished 
by driving current through the wires linking 
the cores. If this current exceeds a minimum 
value 1m the core is reset to zero. Therefore, 
by drivi~g Im/2 through one of the x-address 
lines and through one of the y-address lines, 
anyone core may be reset. Only the core 
common to both lines will receive the sum of 
the currents and will be reset. The rest of the 
cores receive Im/2 and will be only half­
selected. For a core to be set to the "1" state, 
the current is reversed in the two selecting 
wires. 

Si,gDl!tiCS 

A sense line linking all the cores in the plane 
together couples the read data out of the 
array.lnorderto read aspecificcore, a "0" is 
first written into that core. If its initial state 
was at "1", it is reset, generating a pulse on 
the sense line. If the core is in "0" state, no 
signal results. 

The high currents used in core memory 
generate a good deal of noise. The sense 
amplifier used must be able to detect the 
difference between the disturbed one volt­
age, without responding to undesired sig­
nals. The threshold voltages of the sense 
amplifier should be adjusted to approxi­
mately the mid-point between the sum of 
the disturbed zero voltages and the mini­
mum disturbed one voltage as defined in 
Figure 5-71. 

The region on either side of the threshold 
voltage in which the sense amplifier cannot 
detect the difference between a a and a 1 is 
called the uncertainty region. This region is 
the sum ofthevarition of the input threshold 
voltage and the differential offset voltage 
and must be less than the voltage difference 
between ones and zeros generated by the 
memory core. 

Signetics series N7520 Dual Core Memory 
Sense Amplifiers, successfully solve the 
basic sense amplifier problems: It provides 
a stable narrow input threshold, an adjust­
able reference and output logic functions to 
fulfill the several variations required in dif­
ferent core memory systems. 

The N7520 series uses the "true compara­
tor" technique to achieve superior amplifier 
threshold performance. A unique circuit 
design of the internal logic guarantees the 
fastest possible propagation. Series N7520 
is pin compatible with other 7520 series and 
offers the user these advantages: 
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TYPICAL DIGITAL COMPUTER 
MEMORY ORGANIZATION 

Figure 5-70 
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Figure 5-71 

a. True Comparator technique guarantees 
that narrow input threshold devices can 
be built in volume production. 

b. An external capacitor is not required for 
stability. True Comparator technique al­
lows use of simple single stage preamp. 

c. Clamp diodes are provided at all gate and 
strobe inputs. 

Figure 5-72 illustrates the necessary con­
nections to utilize the 7524 sense amplifier. 
The reference voltage against which the 
sense voltage is compared is derived via the 
resistor divider network from the 5 volt 
supply. Other connections are straight for­
ward and for the most part self explanatory. 

Care should be exercised in the board lay­
out to minimize stray coupling of signals. Of 

extreme importance to the device, the refer­
ence voltage must be kept as clean as possi­
ble. For instance, ground currents from the 
gate structure should not be allowed to pass 
near the reference terminals before finding 
system ground. Small voltages generated 
by this current can cause reference instabil­
ity. Oscillations and general poor perform­
ance can also occur if proper techniques 
are not used in layout. 

55/75325 MEMORY DRIVERS 
TYPICAL APPLICATIONS 

Balanced Bipolar Logic Line Driver 
The circuit shown in Figure 5-73 converts 
standard TTL logiC to bipolar logic. Bipolar 
logic is primarily used in transmitting data 
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or clock pulses over long lines. This line­
driver may be operated from a single 5 volt 
supply; however; the output drive may be 
increased by raising the supply voltage to 
the source collectors. The circuit features a 
tri-state output which is off during the ab­
sence of data, thus not disSipating high 
power. It provides a balanced drive circuit 
giving maximum noise immunity when used 
with the proper line receiver. Large drive 
levels can be used to further increase noise 
immunity. The circuit is capable of driving 
twisted-pair lines of several miles in length 
or low-impedance coaxial lines. 

In memory-drive applications the 75325 (or 
for full-temperature operation, the 55325) 
can be connected in any of several ways. 
Typically, however, sources and sinks are 
arranged in pairs from which many drive­
lines branch off as shown in Figure 5-74. 
Here each drive-line is served by a unique 
combination of two source/sink pairs so 
that a selection matrix is formed. To select 
drive-line 13, 75154 No.1 must be set to 3 
(with mode select high), enabling source X 
of 75325 No.2 to drive lines 12 through 15, 
and 74154 No.2 must be setto 2, providing a 
sink at Y of 75325 NO.4 for drive-line 13 only. 
Alternatively, to drive current in drive-line 
13 in the opposite direction, only the mode­
select voltage would be changed from high 
to low. The size of such a matrix is limited 
only by the number of drive-lines that a 
source/sink pair can serve. This number in 
turn depends on the capacitive and induc­
tive load that each drive-line of the particu­
lar system imposes on the driver. A 256-
drive-line selection matrix is shown in 
Figure 5-75. These 256 drive-lines are suffi­
cient to serve (256/2)2 = 16,384 individual 
cores. 

External Resistor Calculation 
A typical magnetic-memory word-drive re­
quirement is shown in Figure 5-76. A 
source-output transistor of one 75325 deliv­
ers load current (lL). The sink-output tran­
sistor of another 75325 sinks this current. 

The value of the external pull-up resistor 
(Rext) for a particular memory application 
may be determined using the following 
equation: 

Rext= 
16 (VCC2(mln) - Vs - 2.21 

IL - 1.6 (VCC2(minl - Vs - 2.9) 

(Equation 1) 

where: Rext is in kO, 
VCC2(min) is the lowest expected 
value of VCC2 in volts, 
Vs is the source output voltage in 
volts with respect to ground, 
IL is in mAo 
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The power dissipated in resistor Rex! during 
the load current pulse duration is calculated 
using Equation 2. 

IL 
PRex! ~ - [VCC2(min) - Vs -2] 

16 

where: PRex! is in mW. 

(Equation 2) 

After solving for Rex!. the magnitude of the 
source collector current (les) is determined 
from Equation 3. 

les ~ 0.94 IL 
(Equation 3) 

where: les is in mAo 

As an example. let Vee2(min) = 20V and VL = 
3V while IL of 500mA flows. 

Using Equation 1. 

16 (20 - 3 - 2.2) 
Rex! = = 0.5kn 

500 - 1.6 (20 - 3 - 2.9) 

~ .. ... 
II: 

OUTPUT 
XV 
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75325 USED AS A MEMORY DRIVER TO SELECT ONE OF SIXTEEN DRIVE LINES 
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TYPICAL MAGNETIC MEMORY 
WORD DRIVE REQUIREMENT 

r--------
lONE R 

II 55/75325 
I SOURCE 

&._------------

r-------------I 
lONE 
I 55175325 
I SINK L ____________ _ 

NOTE 
A. For clarity, partial logic diagrams of two 75325's 

are shown. 
B. Source and sink shown are in different packages. 

Figure 5-76 

and from Equation 2, 

PRe" ~ 500 (20 - 3 - 2) ~ 470mW 
16 

The amount of the memory system current 
source (lcs) from Equation 3 is: 

Ics ~ 0.94 (500) ~ 470mA 

In this example the regulated source-output 
transistor base current through the external 
pull-up resistor (Rext) and the source gate is 
approximately 30mA. This current and Ics 
comprise IL. 

VIDEO AMPLIFIER PRODUCTS 

592 Video Amplifier 
The 592 isa two stage differential output, 
wideband video amplifier with voltage gains 
as high as 400 and bandwidths up to 
120MHz. 

Three basic gain options are provided. 
Fixed gains of 400 and 100 result from 
shorting together gain select pins G1A -

G1B and G2A-G2B respectively. As shown 

by Figure 5-78 the emitter circuits of the 
differential pair return thru independent 
current sources. This topology allows no 
gain in the input stage if all gain select pins 
are left open. Thus the third gain option of 
tying an external resistance across the gain 
select pins allows the user to select any 
desired gain from 0 to 400 volts per volt. The 
advantages of this configuration will be 
covered in greater detail under the filter 
application section. 

Three factors should be pointed out at this 
time: 

1. The gains specified are differential. 
Single ended gains are one halfthe stated 
value. 

2. The circuit 3dB bandwidths are a func­
tion of and are inversely proportional to 
the gain settings. 

3. The differential input impedance is an 
inverse function of the gain setting. 

In applications where the Signal source is a 
transformer or magnetic transducer the 
input bias current required by the 592 may 
be passed directly thru the source to 
ground. Where capacitive coupling is to be 
used, the' base inputs must be returned to 
ground through a resistor to provide a dc 
path for the bias current. 

Due to offset currents, the selection of the 
input bias resistors is a compromise. To 
reduce the loading on the source, the resis­
tors should be large, but. to minimize the 
output de offset, they should be small'­
ideally 0 ohms. Their maximum value is set 
by the maximum allowable output offset 
and may be determined as follows: 

1. Define the allowable output offset (as­
sume 1.5VL 

2. Subtract the maximum 592 output offset 
(from the data sheetL This gives the out­
put offset allowed as a function of input 
offset currents (1.5V - 1.0V = 0.5VL 

3. Divide by the circuit gain (assume 100). 
This refers the output offset to the input. 

PARAMETER 501 

BANDWIDTH 150 
(MHZ) 

GAIN 6, 10, 20, 50 

RIN 1 
(K) 

Vpp 3.5 
(VOLTS) 

Interface Circuits 

THERMAL INFORMATION 

CASE TEMPERATURE 
DISSIPATION DERATING CURVE 

1200 

~ '\ , , 
1000 

800 

~ ~ 

" .\ 
600 

400 

200 ~ ~ 
PKG DERATE FROM 
BA 24mW/oC 10BoC SEE 
F 35mW/oC 

o 
121°C NOTE A 

100 110 120 130 140 150 

T C - CASE TEMPERATURE _ c C 

FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 

1200 

1000 

800 

800 

400 

200 

o 

1\ J.Jj J..l..! I'l F PACKA':i 

BAPACKAG~ " ~~SERIES 

" 

20 30 40 50 60 70 80 90 100 110 120 130 

T A - FREE AIR TEMPERATURE _ °e 

NOTE A rated operating free add temperature 
ranges must be observed regardless of 
heat sinking. 

Figure 5-77 

592 733 

120 120 

0,100,400 10,100,400 

4-30 4-250 

4.0 4.0 

Table 5-5 VIDEO AMPLIFIER COMPARISON FILE 

SmootiCS 707 



Interface ClrclJlts 

4. The maximum input resistor size is: 

RMAX = Input Offset Voltage 
Max Input OHset Current 

.OO5V 
3~ 

= 1.67kO 

Of paramount importance during the design 
of the 592 device was bandwidth. In a mono­
lithic device, this precludes the use of pnp 
transistors and standard level shifting tech­
niques used in lower frequency devices. 
Thus without the aid of level shiftingtM 
output common mode voltage present on 
the 592 'is typically 2.9 volts. Most applica­
tions, therefore, require capacitive coupling 
to the load. An exception to the rule is a 
differential amplifier with an input common 
mode range greater than +2.9V as shown in 
Figure 5-79. In this circuit, the 592 drives a 
511 B transistor array connected as a differ­
ential cascode amplifier. This amplifier is 
capable of differential output voltages of 
48V peak-to-peak with a 3dB bandwidth of 
approximately 10MHz (depending on the 
capacitive load!, For optimum operation, R1 
is set for a no signal level of +18V. The 
emitter resistors, RE, were selected to give 
the cascode ampiifier a differential gain of 
10. The gain of the composite amplifier is 
adjusted at the gain selected point of the 
592. 

592 INPUT STRUCTURE 

v+ 

G1A 

G2A 

600 600 1.4K 

v-

All resistor values are in ohms, 

Figure 5-78 
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VIDEO AMPLIFIER WITH HIGH 
LEVEL DIFFERENTIAL OUTPUT 

INPUT o---f h--:-.;::-::-i" 

All resistor values are in 'ohms, 

1 OUTPUTS 
48 VOLTS 
PEAK TO PEAK 

Figure 5-79 

Filters 
As mentioned earlier, the emitter circuit of 
the 592 includes two current sources. Since 
the stage gain is calculated by dividing the 
collector load impedance by the emitter 
impedance, the high impedance contribut­
ed by the current sources causes the siage 
gain to be zero with all gain select pins open. 
As shown by the gain vs. frequency graph of 
Figure 5-80 the overall gain at low frequen­
cies is a negative 48dB. 

Higher frequencies cause higher gain due 
to distributed parasitic capacitive react­
ance. This reactance in the first stage emit­
ter circuit causes increasing stage gain until 
at 10MHz the gain is OdB or unity. 

Referring to Figure 5-81, the impedance 
seen looking across the emitter structure 
includes small re of each transistor. 
Any calculations of impedance networks 
across the emitters then must include this 
quantity. The collector current level is ap­
proximately 2mA causing the quantity of 2 
re to be approximately 32 ohms. Overall 
device gain is thus given by 

VetS) _ 1.4 X 104 
VIN(S) - Z(S) + 32 

where Z(S) can be a resistance or a reactive 
impedance. Table 5-6 summarizes the 
possible cOl1figurations to produce low, 
high, and bandpass filters. The emitter im­
pedance is made to vary as a function of 
frequency by using capaCitors or inductors 
to alter the frequency response; 'Included 
alsb in Table 5-6 is the gain calculation to 
determine the voltage gain as a function of 
frequency. 

Differentiation 
With the addition of a capacitor across the 
gain select terminals the 592 becomes a 
differentiator. The primary advantage of 
using .the emitter circuit to accomplish dif­
ferentiation is the retention of the high 
common mode noise rejection. Disc file 
playback systems rely heavily upon this 
common mode rejection.for proper opera­
tion. 

Disc file Decoding 
In recovering data from disc or drum files, 
several steps must be taken to pre-condition 
the linear data. The NE592 video amplifier, 
coupled with the 8T20bi-directional one­
shot, provides all the signal conditioning 
necessary for phase encoded data. 

When data is recorded on a disc, drum or 
tape system, the read back will be a Gaus­
sian shaped pulse with the peak of the pulse 
corresponding to the actual recorded trans­
ition point. This read back signal is usually 
500",V Pop to 3mV POp for oxide coated disc 
files and 1 to 20mV pop for nickel-cobalt disc 
files. In order to accurately reproduce the 
data stream originally written on the disc 
memory, the time of peak point olthe Gaus­
sian read back signal 'must be determined, 

The classical approach to peak-time deter­
mination is to differentiate the input signal. 
Differentiation results in a voltage propor­
tional to the slope of the input signal. The 
zero-crossing point of the differentiator, 
therefore, will occur when the input signal is 
at a peak. Using a zero-crossing detector 
and one-shot, therefore, results in pulses 
occurring at the input peak paints. 



VOLTAGE GAIN AS A 
FUNCTION OF FREQUENCY 
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~ 

FREOUENCY IMH~l 

Figure 5-80 

A circuit which provides the pre­
conditioning described above is shown in 
Figure 5-83. Readback data is applied di­
rectly to the input of the first 592. This 
amplifier functions as a wideband ac cou­
pled amplifier with a gain of 100. The NE592 
is excellent for this use because of its high 
phase linearity, high grain and ability to 
directly couple the unit with the readback 
head. By direct coupling of readback head 
to amplifier, no matched terminating resis­
tors are required and the excellent common 
mode rejection ratio of the amplifier is pre­
served. DC components are also rejected 
because the 592 has no gain at dc due to the 
capacitance across the gain select term i­
nals. 

BASIC GAIN CONFIGURATION 

v, 

VO(5) = 1.4)(104 
'\11Ts) Zls) +2re 

=~.4)(104 
Z(s) + 32 

+6 

-6 

Figure 5-81 

Interface Circuits 

ZNETWORK FILTER Vo (sl TRANSFER 
TYPE VI (sl FUNCTION 

R L 
1.4 X 104 t-I_-j ~ LOW PASS 

L • + R/L 

R C 
1.4 X 104 t. + ;/Rc] ~I 0 HIGH PASS --R--

R L C 1.4X 104 
[.2 + R/L'. + I/LCJ ~~ BANDPASS 

L 

'"'" 
R c;:r 1.4 X 104 [ .2 + I/LC j BAND REJECT --R-- .2 + I/LC + slRC 

NOTE: In the networks above, the R value used is assumed to include 2 re, or 
approximately, 32 ohms. 

Table 5-6 FILTER NETWORKS 

The output of the first stage amplifier is 
routed to a linear phase shift low pass filter. 
The filter is a single stage constant K filter, 
with a characteristic impedance of 2000. 
Calculations for the filter are as follows: 

L = 2R/wc Where R = characteristic impedance 
(oh!iisr' 

e = I/wc wC = cutoff frequency (radians/sec) 

The second 592 is utilized as a low noise 
differentiator/amplifier stage. The 592 is 
excellent in this application because it al­
lows differentiation with excellent common 
mode noise rejection. 

The output of the differentiator/amplifier is 
connected to the 8T20 bi-directional mon­
ostable unit to provide the proper pulses at 
the zero-crossing pOints of the differentia­
tor. 

The Circuit in Figure 5-83 was tested with an 
input signal approximating that of a read­
back signal. The results are shown in Figure 
5-85. 

Automatic Gain Control 
The 592 can also be connected in conjunc­
tion with a MC1496 balanced modulator to 
form an excellent automatic gain control 
system. With the circuit of Figure 5-84, the 
signal is fed to the signal input of the 
MC1496 and RC coupled to the 592. 
Unbalancing the carrier input of the 
MC1496 causes the signal to pass thru 
unattenuated. Rectifying and filtering one 
of the 592 outputs produces a dc signal 
which is proportional to the ac signal ampli-

Smnotics 

tude .. After filtering this control signal is 
applied to the MC1496 causing its gain to 
change. 

LINE DRIVERS AND RECEIVERS 
Many types Of line drivers and receivers are 
available today. Each device has been de­
Signed to meet specific criteria. For in­
stance, the device may be extremely wide 
band or be intended for use in party line 
systems. Some include built in hysteresis in 
the receiver while others do not. 

DIFFERENTIAL WITH HIGH 
COMMON MODE NOISE REJECTION 

+6 

v, 

O'2r"F 2K 

VO 

O.2Y 
IK -6 

For frequency F1 « 1/2 7r(32)C 

Vo "".4 X 10'C ~~ 
All resistor values are in ohms. 

Figure 5-82 
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5MHz PHASE-ENCODED DATA 
READ CIRCUITRY 

4mH 

.---_1~------------------------------------~~--------nrnrL-----_1~---------------o+5V 

4mH 
r---~--------------~ __ ------------~~-----JTTT~ ______ +-__ ~ __________ -o~V 

43 

J.,O'PF 

200 

X100AC 
PRE·AMPLIFIER 

All resistor values are in ohms. 

LINEAR PHASE 
lOW PASS FILTER 

DIFFERENTIA TOR 

Figure 5-83 

WIDE BAND AGC AMPLIFIER 

200 

200 

":' 
a 1-""'--";:;"--0 

8T20 DIGITAL 
OUTPUTS 

01---------0 
ClR 

BIDIRECTIONAL 
ONE~SHOT 

lK .----~-------1~------t---------~+6V 

2.7K 2.7K 

10pF 

~~~----------~4 
+ 

51 MCl456K 

51 
9t-~---' 3.3K 

10 5 8 

lK 

0.1 

lK 

lK 
L---~~--~--~~~--~--------~~--------------------~~------O-6V 

All resistor values are in ohms. 

Figure 5-84 
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The EIA Standard 
The Electronic Industries Association has 
produced a set of specifications dealing 
with the transmission of data between data 
terminal and communications equipment. 
This is EIA Standard RS-232-C and delin­
eates much information about signal levels 
and hardware configurations in data sys­
tems. 

MC1488/1489 
As line driver and receiver the MC1488 and 
MC1489 meet or exceed the RS-232 specifi­
cation. 

Standard RS-232 defines the voltage level 
as being from 5 to 15 volts with positive 
voltage representing a logic O. The MC1488 
meets these requirements when loaded with 
resistors from 3k to 7k ohms. 

TEST RESULTS 

--- -

f--

IV V V 

/l, I-
I / II 

V ~ I¥ 

.I~ l\ 
V J (1 
r"'l 

" r f , J ~ 
IV , , I 
I I I 

I--- --

/~ I 
~ II V V IV ~ :1 
" 

, 
"" f r " I I II 

-- f--I 

~ U IV " ;"'" 

TIME SASE200ns/d,v 

.. A n 1 ~ f.. ~ I 
U ~ V [J U ~ 

~ 

TIME BASE 200nlld,v 

ft.. I"", 

~ ,., r 
LJ ,/ U V ~ 

" 
I J , 
• I I 

TIME 8Ase 2GOns/dlv 

Figure 5-85 

PRE·AMPLIFIER OUTPUT 
100mV/div 

DIFFERENTIA TOR 
200mVldiv 

PRE·AMPand OtFFERENTlATOR 
SUPER IMPOSED 

Bolh200mV/div 

DlFFERENTIATOR 
200mVhJiv 

8T20 a OUTPUT 
lV/d,v 
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Interface Circuits 

Output slew rates are limited by RS-232 to 
30 volts per microsecond. To accomplish 
this specification the MC1488 is loaded at its 
output by capacitance as shown by the 
typical hookup diagram of Figure 5-86. A 
graph of slew rate vs output capacitance is 
given in Figure 5-87. For the standard 
30V//J.s a capacitance of 300pF is selected. 

The short circuit current charges the capac­
itance with the relationship. 

c = IscAT 
AV 

The EIA standard also states that output 
shorts to any other conductor of the cable 
must not damage the driver. Thus the 
MC1488 is designed such that the output 
will withstand shorts to other conductors 
indefinitely even if these conductors are at 
worst case voltage levels. In addition to 
output protection the MC1488 includes a 
300 ohm resistor to ensure that the output 
impedance of the driver will be at least 300 
ohms even if the power supply is turned off. 
In cases where power supply malfunction 
produces a low impedance to ground, the 
300 ohm resistors are shorted to ground 
also. Output shorts then can cause exces­
sive power dissipation. Preventing such a 
case from happening, series diodes should 
be included in both supply lines as pictured 
in Figure 5-88. 

The companion receiver MC1489 is also 
designed to meet RS-232 specifications for 
receivers. It must detect a voltage from ±3 to 
±25 volts as logic signals but cannot gener­
ate a differential voltage of greater than 2 
volts should its inputs become open circuit­
ed. Noise and spurious signals are rejected 
by incorporating positive feedback internal­
ly to produce hysteresis. Featured also in 
the receiver is an external response node so 
that the threshold may be externally varied 
to fit the application. Figure 5-89 shows the 
shift in high and low trip pOints as a function 
of the programming resistance. 

PERIPHERAL DRIVERS 
Peripheral drivers are general purpose in­
terface devices which interface between 
logic and devices requiring high current. 

Application Areas 

POWER SWITCHING 
• Relay Drivers 
• Electromechanical Controls 
• SCR or TRIAC Gates 

LAMP DRIVERS 
• Pilot Lamps 
• I ntensity Control 

711 



Interface Circuits 

712 

TYf)ICAL LINE DRIVER-RECEIVER APPLICATION 

~~cl~l 
I 

Figure 5-86 

OUTPUT .SLEW RATE VS. LOAD CAPACITANCE 

100 

" 

30VIIJ.I 

c;;_ -- c-
I 

3Jar I 

100 

C, CAPACITANCE (pF/ 

Figure 5-87 

PROTECTION FROM POWER 
SUPPLY MALFUNCTION 

Figure 5-88 

10.000 

SI!IDl!tiCS 

LEVEL SHIFTERS 
• TTL-to-MOS 
• MOS-to-TTL 

SIGNAL COMPARISON·· 
• In-Phase Logic Detector. 

SIGNAL GENERATION 
• Square Wave Generator 

TIMING 
• Dual Channel One Shot 
• Two Phase MaS Clock Driver 

Basic Requirements for a 
Peripheral Driver 
• Input Logic Compatibility 
• High Output Current/High Voltage Com­

pliance 

HYSTERESIS AS A FUNCTION OF 
PROGRAMMING RESISTANCE 

-"6, 0 

T 
0 

I I 
I 1 

0 

_Vy R, R, ::.; R, 
f-,5K 13K _11K 

V'H V'H V'H _ R, 
o t--+SV ",v f- _-'V 

-=- VTH 

0 f 
0 

-o· VIL~VIH 

I I 
o +1.0 +2.0 +3.0 

YIN INI1UT VOLTAGE /Vdc) 

.0 

T 

.0 
I I 

1 T 
.0 F R, ::k R, R, 
.0 5K "- 11K VTH V'H ",v -6V -=- VTH 

.0 -# 
.0 

0 
l- I--

-3.0 -2.0 -1.0 0 +1.0 +2.0 +3.0 +4.0 

YIN INPUT VOLTAGE (Vd<::} 

Figure 5-89 



PERIPHERAL DRIVER 

INPUTS GATE 

AND, NAND, OR, 
NOR FUNCTIONS 

Figure 5-90 

• High Speed 
• Application Versatility 

Other Requirements Include: 
• Compatability with popular supply volt-

ages 
• Medium to high power capability 
• Economical packaging 
• Good pin arrangement 

A peripheral driver has two basic building 
blocks: 

(See Figure 5-90) 

1. TTL gate 
2. Discrete transistor with good output 

drive capabilities 

Typical Applications 

P-MOS TO LOAD 
ULN 2002 

Figure 5-91 

Interlace Circuits 

DARLINGTON TRANSISTOR 
ARRAYS 
Darlington Transistor Arrays are high volt­
age, high current arrays comprised of sev­
en silicon npn Darlington pairs on a com­
mon monolithic substrate. 

• High voltage: VCE = 50V 
• Output suppression diodes 
• Fast switching: 1 p's typo 

5p.s max. 
• Open collector outputs 

NE 5501 Series 
ULN 2001 Series 
The ULN 2001 Series features 
• General purpose (DTL, TTL, PMOS, 

CMOS) 

The NE 5501 Series features are the same as 
the ULN 2001 Series with the following ex­
ceptions: 

• High voltage: VCE = 90V 
• High current: 500mA continuous • High current: 350mA continuous 

DEVICE FEATURES 

75450B 30 volt breakdown, 24-35ns 
75451B switching, choise of logic 
75452B function, 300mA output 
DS3611 80 volt breakdown 
DS3612 100-300ns switch i ng 
DS3613 speed,300mA 
DS3614 output 
UDN5711 Same as DS3611 series with 
UDN5712 the addition of output 
UDN5713 suppression diodes 
UDN5714 
ULN2001 General purpose 
ULN2002 Darlington NPN 
ULN2003 Transistor arrays 
ULN2004 50 volt breakdown 

500mA output 
Output suppression diodes 

NE5501 Same as ULN 2001 series except 
NE5502 for 90 volt breakdown, and 350mA 
NE5503 output 
NE5504 

TABLE 5-7 PERIPHERAL DRIVER PRODUCTS 

TTL TO LOAD 
ULN 2003 

Figure 5-92 

s~nDtics 

BUFFER FOR HIGHER 
CURRENT LOADS ULN2004 

Figure 5-93 
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INTRODUCTION 

In mid 1972, Signetics introduced the 
555 timer, a unique functional building 
block that has enjoyed unprecedented 
popularity. The timer's success can be 
attributed to several inherent character­
istics foremost of which are versatility, 
stability and low cost. There can be no 
doubt that the 555 timer has altered the 
course of the electronics industry with 
an impact not unlike that of the I.C. 
operational ampl ifier. 

The simplicity of the timer in conjunc­
tion with its ability to produce long time 
delays in a variety of applications has 
lured many designers from mechanical 
timers, op amps, and various discrete 
circuits into the ever increasing ranks 
of timer users. 

DESCRIPTION 

The 555 timer consists of two voltage 
comparators, a bistable flip-flop, a dis­
charge transistor, and a resistor divider 
network. To understand the basic con­
cept of the timer let's first examine the 
timer in block form as in Figure 6-1. 

changes state and sets the flip-flop driv­
ing the output to a high state. The 
threshold pin normally monitors the 
capacitor voltage of the RC timing net­
work When the capacitor voltage 
exceeds 2/3 of the supply, the threshold 
comparator resets the flip-flop which in 
turn drives the output to a low state. 
When the output is in a low state, the 
discharge transistor is "on", hereby dis­
charging the external timing capacitor. 
Once the capacitor is discharged, the 
timer will await another trigger pulse, 
the timing cycle having been completed. 

The 555 and its complement, the 556 
Dual Timer, exhibit a typical initial 
timing accuracy of 1 % with a 50ppm/oC 
timing drift with temperature. To oper­
ate the timer as a one shot, only two 
external components are necessary; resis­
tance & capacitance. For an oscillator, 
only one additional resistor is necessary. 
By proper selection of external com­
ponents, oscillating frequencies from 
one cycle per half hour to 500KHz can 
be realized. Duty cycles can be adjusted 
from less than one percent to 99 percent 
over the frequency spectrum. Voltage 

555/556 TIMER FUNCTIONAL BLOCK DIAGRAM 

Vee 

DISCHARGE 

555 OR 112556 1-------------------1 

THRESHOLOo---,---t--t 

OUTPUT I------,,---OOUTPUT 

TRIGGERo--+--t-t 

~--------- ---------~ 

RESET 

Figure 6-1 

The resistive divider network is used to 
set the comparator levels. Since all three 
resistors are of equal value, the threshold 
comparator is referenced internally at 
2/3 of supply voltage level and the trig­
ger comparator is referenced at 1/3 of 
supply voltage. The outputs of the com­
parators are tied to the bistable flip-flop. 
When the trigger voltage is moved below 
1/3 of the supply, the comparator 

control of timing and oscillation func­
tions is also available, 

Timer Circuitry 

The timer is comprised of five distinct 
circuits; two voltage comparators, a 
resistive voltage divider reference, a bi­
stable flip-flop, a discharge transistor, 
and an output stage that is the "totem 
pole" design for sink or source capability. 

Si!lDotiCS 
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010 - 013 comprise a Darlington dif­
ferential pair which serves as a trigger 
comparator. Starting with a positive 
voltage on the trigger; 010 and Oil 
turn on when the voltage at pin 2 is 
moved below one third of the supply 
voltage. The voltage level is derived 
from a resistive divider chain consisting 
of R7, Rs and R9. All three resistors 
are of equal value (5K ohms). At fif­
teen volts supply, the triggering level 
would be five volts. When 010 and Oil 
turn on, they provide a base drive for 
015, turning it on. 016 and 017 form 
a bistable flip-flop. When 015 is satu­
rated, 016 is 'off' and 017 is saturated. 
016 and 017 will remain in these states 
even if the trigger is removed and 015 
is turned 'off'. While 017 is saturated, 
020 and 014 are turned off. 

The output structure of the timer is a 
"totem pole"design, with 022 and 024 
being large geometry transistors capable 
of providing 200mA with a fifteen volt 
supply. While 020 is 'off', base drive is 
provided for 022 by 021, thus provid­
ing a high output. 

For the duration that the output is in 
a high state, the discharge transistor is 
'off'. Since the collector of 014 is typ­
ically connected to the external timing 
capacitor, C, while 014 is off the timing 
capacitor now can charge thru the tim­
ing resistor, R A . 

The capacitor voltage is monitored by 
the threshold comparator (01 - 04) 
which is a Darlington differential pair. 
When the capacitor voltage reaches two 
thirds of the supply voltage, the current 
is directed from 03 and 04 thm 01 and 
02. Amplification of the current change 
is provided by 05 and 06. 05 - 06 and 
07 - Os comprise a diode-biased ampli­
fier. The amplified current change from 
06 now provides a base drive for 016 
which is part of the bistable flip-flop to 
change states. In doing so, the output is 
driven "low", and 014 the discharge 
transistor is turned "on" shorting the 
timing capacitor to ground. 

The discussion to this point has only 
encompassed the most fundamental of 
the timer's operating modes and cir­
cuitry. Several points of the circuit are 
brought out to the real world which 
allow the timer to function in a variety 
of modes. It is important; more than 
that, it is essential that one understands 
all the variations possible in order to 
utilize this device to its fullest extent. 

717 



Timer 

SCHEMATIC 555 OR 1/2556 DUAL TIMER 

CONTROL VOLTAGE 

R5 
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RESET 0--------£ 025 015 

R6 R9 
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Reset Function 

Regressing to the trigger mode, it should 
be noted that once the device has trig­
gered and the bistable flip-flop set, con­
tinued triggering will not interfere with 
the timing cycle. However, there may 
come a time when it is necessary to in­
terrupt or halt a timing cycle. This is the 
function that the reset accomplishes. 

In the normal operating mode the reset 
transistor, 025, is off with its base held 
high. When the base of 025 is grounded, 
it turns on, providing base drive to 014, 
turning it on. This discharges the timing 
capacitor, resets the flip-flop at 017, 
and drives the output low. The reset 
overrides all other functions within the 
timer. 

Trigger Requirements 

Due to the. nature of the trigger circuitry, 
the .timer will trigger on the negative 
going edge of the input pulse. For the 
device to time out properly, it is nec­
essary that the trigger voltage level be 
returned to some voltage greater than 
one third of the supply before the time 
out period. This can be achieved by 
making either the trigger pulse suffi­
ciently short or by AC coupling into 
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Figure 6-2 

the trigger. By AC coupling the trigger, 
see Figure 3, a short negative going pulse 
is achieved when the trigger signal goes 
to ground. AC coupling is most fre­
quently used in conjunction ·with a 
switch or a signal that goes to ground 
which initiates the timing cycle. Should 
the trigger be held low, without AC 
coupling, for a longer duration than the 
timing cycle the output will remain in a 
high state for the duration of the low 
trigger signal, without regard to the 
threshold comparator state. This is due 
to the predominance of 015 on the base 
of 016, controlling the state of the bi­
stable flip-flop. When the trigger signal 
then returns to a high level, the output 
will fall immediately. Thus, the output 
signal will follow the trigger signal in 
this case. 

Control Voltage 

One additional point of significance, the 
control voltage, is brought out on the 
timer. As mentioned earlier, both the 
trigger comparator, 010 - Q13, and the 
threshold comparator, 01 - 04, are ref­
erenced to an internal resistor divider 
network, R7, Rs, Ri). This network es­
tablishes the nominal two thirds of 
supply voltage (Vee) trip point for the 
threshold comparator and one third of 

Si!lDOliCS 

R" 
6,81< 

R13 
3.9K 

c Q23 B 

0'0 

R14 
220 

R15 
47K 

OUTPUT 

a" 

AC COUPLING OF THE TRIGGER PULSE 

Vee Vee 

Lb .001 ~F 
, 555 

l 
ALL RESISTOR VALUES ARE IN OHMS 

Vee , 
I 
I 
I 
I 
I 
I 
I 

lfJVcc 

I 
°VOl-rs 

I....-~ DURATlON10F TR~GER PULSE ----I 
I ASSEENSV THE TIMER 

SWITCH GROUNDE:> 
AT THIS POINT 

Figure 6-3 



Vcc for the trigger comparator. The two 
thirds point at the junction of R7, Rs 
and the base of Q4 is brought out. By 
imposing a voltage at this point, the 
comparator reference levels may be 
shifted either higher or lower than the 
nominal levels of one third and two 
thirds of the supply voltage. Varying the 
voltage at this point will vary the timing. 
This feature of the timer opens a mul­
titude of application possibilities such as 
using the timer as a voltage controlled 
oscillator, pulse width modulator, etc. 
For applications where the control voltage 
function is not used, it is strongly rec­
ommended that a bypass capacitor 
(.01}.LF) be place across the control volt­
age pin and ground. This will increase 
the noise immunity of the timer to high 
frequency trash which may monitor the 
threshold levels causing timing error. 

Monostable Operation 
The timer lends itself to three basic 
operating modes.: 

1. Monostable (one shot) 
2. Astable (oscillatory) 
3. Time delay 

By utilizing anyone or combination of 
basic operating modes and suitable var­
iations it is possible to utilize the timer 
in a myriad of applications. The applica­
tions are limited only to the imagination 
of the designer. 

One of the simplest and most widely 
used operating modes of the timer is the 
monostable (one shot). This configura­
tion requires only two external compo­
nents for operation (See Figure 6-4). The 
sequence of events starts when a voltage 
below one third Vcc is sensed by the 
trigger comparator. The trigger is nor­
mally applied in the form of a short 
negative going pulse. On the negative 
going edge of the pulse, the device trig­
gers, the output goes high and the dis­
charge transistor turns off. Note that 
prior to the input pulse, the discharge 
transistor is on, shorting the timing ca­
pacitor to ground. At this point the tim­
ing capacitor, C, starts charging thru the 
timing resistor, R. The voltage on the 
capacitor increases exponentially with a 
time constant T = RC_ Ignoring capacitor 
leakage, the capacitor will reach the 
two thirds Vcc level in 1.1 time con­
stants or 

T= 1.1 RC 
where T is in seconds; R is in ohms and; 
C is in Farads. This voltage level trips 
the threshold comparator, which in turn 
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drives the output low and turns on the 
discharge transistor. The transistor dis­
charges the capacitor, C, rapidly. The 
timer has completed its cycle and will 
now await another trigger pulse. 

Astable Operation 
In the astable (free run) mode, only one 
additional component, Rb is necessary. 

SsgDDliCS 

The trigger is now tied to the threshold 
pin. At power up, the capacitor is dis­
charged, holding the trigger low. This 
triggers the timer, which establishes the 
capacitor charge path thru RA and RS. 
When the capacitor reaches the thresh­
old level of 2/3 Vcc, the output drops 
low and the discharge transistor turns 
on. 

719 



Timer 

The timing capacitor now discharges 
thru RB. When the capacitor voli:age 
drops to 1/3 Vcc, the trigger comparator 
trips, automatically retriggering the 
timer, creating an oscillator whose fre­
quency is given by: 

f 1.49 
= (RA + 2RB) C 

Selecting the ratios or RA and RB varies 
the duty cycle accordingly. Lo and be­
hold, we have a problem. If a duty cycle 
of less than fifty percent is required, 
then what? Even if RA = 0, the charge 
time cannot be made smaller than the 
discharge time because the charge path 
is RA + RB while the discharge path is 
RB alone. In this case it becomes 
necessary to insert a diode in parallel 
with RB, cathode toward the timing ca­
pacitor. Another diode is desireable, but 
not mandatory, this one in series with 
RB, cathode away from the timing ca­
pacitor. Now the charge path becomes 
RA, thru the parallel diode into C. Dis­
charge is thru the series diode and RB 
to the discharge transistor. This scheme 
will afford a duty cycle 'range from less 
than 5% to greater than 95%. It should 
be noted that for reliable operation a 
minimum value of 3Kn for RB is rec­
ommended to assure that oscillation 
begins. 

METHOD OF ACHIEVING 
DUTY CYCLES LESS THAN 50% 
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RA 
I 
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I 

Figure 6-6 

Time Delay 

In this third basic operating mode, we 
aim to accomplish something a little 
different from monostable operation. In 
the monostable mode, when a trigger 
was applied, the output immediately 
changed to the high state, timed out, 
and returned to its pre-trigger low state. 
in the time delay mode, we require the 
output not to change state ,upon trig­
gering, but at some precalculated time 
after trigger is received. 
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The threshold and trigger are tied to­
gether monitoring the capacitor voltage. 
The discharge function is not used. The 
operation sequence begins as transistor 
(T!) is turned on, keeping the capacitor 
grounded. The trigger sees a low state 
and forces the timer output high. When 
the transistor is turned off the capacitor 
commences its charge cycle. When the 
capacitor reaches the threshold level, 
then and only then does the output 
change from its normally high state to 
the low state. The output will remain 
low until T! is again turned on. 

GENERAL DESIGN 
CONSIDERATIONS 
The timer will operate over a guaranteed 
voltage range of 4.5 volts to 15 volts 
DC, with 16 VDC being the absolute 
max. rating. Most of the devices, how­
ever, will operate at voltage levels as low 
as 3 VDC. The timing interval is inde­
pendent of supply voltage since the 
charge rate and threshold level of the 
comparator are both directly proportion­
al to supply. The supply volatage may be 
provided by any number of sources: 
however, several precautions should be 
taken. The most important, the one 
which provides the most headaches if 
not practiced, is good power supply 
filtering and adequate bypassing. Ripple 
on the supply line can cause loss of tim­
ing accuracy. The threshold level shifts 
causing a change of charging current. 
This will cause a timing error for that 
cycle. 

S[gnotics 

Due to the nature of the output struc­
ture, a high power totem pole design, 
the output of the timer can exhibit large 
current spikes on the, supply line. By­
passing is necessary to eliminate this 
phenomenOn. A capacitor across the Vcc 
and ground, ideally, directly across the 
device is necessary. The size of capacitor 
will depend on the specific application. 
Values of capacitance from .01J,LF to 
10J,LF are not uncommon. Note that the 
bypass capacitor would be as close to 
the device as physically possible. 

Selecting External 
Components 

In selecting the timing resistor and ca­
pacitor, there are several considerations 
to be taken into account. 

Stable externcilcom'ponents are neces­
sary for the RC network if good timing 
accuracy is to be maintained. The timing 
resistor(s) should be of the metal film 
variety if timing accuracy and repeata­
bility are important design criteria; The 
timer exhibits a typical initial accuracy 
of one percent. That is, with anyone 
RC network, from timer to timer only 
one percent change is to be expected. 
Most of the initial timing error (i.e. de­
viation from the formula) is due to in­
accuracies of external components. Re­
sistors range from their rated values by 
.01 % to 10 and 20 percent. Capacitors 
may' have a 5 to 10 percent deviation 
from rated capacity. Therefore" in, a 



system where timing is critical, an adjus­
table timing resistor or precision com­
ponents are necessary_For best results, 
a good quality trim pot, placed in series 
with the largest feasible resistance will 
allow for best adiustability and perfor­
mance. 

The timing capacitor should be a high 
quality, stable component with very low 
leakage characteristics. Under no cir­
cumstances should ceramic disc capaci­
tors be used in the timing network! 
Ceramic disc capacitors are not suffi­
ciently stable in capacitance to operate 
properly in an RC mode. Several accept-' 
able capacitor types are: silver mica, 
mylar, polycarbonate, polystyrene, tan­
tulum or similar types. 

The timer typically exhibits a small nega­
tive temperature coefficient (50ppm/oC). 
If timer accuracy over temperature is a 
consideration, timing components with 
a small positive temperature coefficient 
should be chosen. This combination will 
tend to cancel timing drift due to tem­
perature. 

In selecting the values for the timing 
resistors and capacitor, several points 
should be considered. A minimum value 
of threshold current is necessary to trip 
the threshold comparator. This value is 
.251JA. To calculate the maximum value 
of resistance, keep in mind that at the 
time the threshold current is required, 
the voltage potential on the threshold 
pin is two thirds of supply. Therefore: 

Vpotential = Vcc - Vcapacitor 

Vpotential = Vcc - 2/3 Vcc = 
1/3 Vcc 

Maximum resistance is then defined as 

R - Vcc-Vcap 
max - 'thresh 

Example: V cc = 15V 

15-10 _ ,-, 
Rmax = .25 (10-6) - 20M~~ 

Vee = 5V 

5 - 3.33 
Rmax = ~25 (10..,-6) 6.6Mn. 

NOTE: If using a large value of timing 
resistor, be certain that the capacitor 
leakage is significantly lower than the 
charging current available to minimize 
timing error. 

On the other end of the spectrum, there 
are certain minimum values of resistance 
that should be observed. The discharge 
transistor, 014. is current limited at 
35mA to 55mA internally. Thus, at the 
current limiting values, 014, establishes 
high saturation voltages. When examining 
the currents at 014, remember that the 
transistor, when turned on will be carry­
ing two current loads. The first being 
the constant current thru timing resis­
tor, RA. The second will be the varying 
discharge current from the timing capac­
itor. To provide best operation the cur­
rent contributed by the RA path should 
be minimized so that the majority of 
discharge current can be used to reset 
the capacitor voltage. Hence it is rec­
ommended ·that a 5K ohm value be the 
minimum feasible value for RA. This 
does not mean lower values cannot be 
used successfully in certain applications. 
Yet there are extreme cases that should 
be avoided if at all possible. 

Capacitor size has not proven to be a 
legitimate design criteria. Values ranging 
from picofarads to greater than one 
thousand microfarads have been used 
successfully. One precaution need be 
utilized though. (It should be a cardinal 
rule that applies to the usage of all I C's.! 
Make certain that the package power 
dissipation is not exceeded. With ex­
tremely large capacitor values, a max­
imum duty cycle which allows some 
cool ing time for the discharge tran­
sistor, may be necessary. 

The most important characteristic of 
the capacitor should be as Iowa leakage 
as possible. Obviously any leakage will 
subtract from the charge count causing 
the calculated time to be longer than 
anticipated. 

Control Voltage 

Regressing momentarily, we recall that 
the control voltage pin is connected 
directly to the threshold comparator at 
the junction of R7, or Rs. The combina­
tion of R7, Rs and R9 comprise the 
resistive voltage divider network that es­
tablishes the nominal 1/3 Vcc trigger 
comparator level (junction Rs, R9) and 
the 2/3 Vcc level for the threshold com­
parator (junction R7, Rs). 

For most applications, the control volt­
age function is not used and therefore 
is bypassed to ground with a small capac­
itor for noise filtering. The control volt­
age function, in other applications be­
comes an integral part of the design. By 
imposing a voltage at this pin, it becomes 
possible to vary the threshold com para-
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tor "set" level above or below the 2/3 
Vcc nominal, hereby varying the timing. 
In the monostable mode, the control 
voltage may be varied from 45 percent 
to 90 percent of Vcc. The 45 to 90 per­
cent figure is not firm, but only an in­
dication to a safe usage. Control voltage 
levels below and above those stated have 
been used successfully in some applica­
tions. 

In the oscillatory (free run) mode, the 
control voltage limitations are from 1.7 
volts to Vcc. These values should be 
heeded for reliable operation, Keep in 
mind that ilJ this mode the trigger level 
is also important. When .the control volt­
age raises the threshold comparator level 
it also raise the trigger comparator level 
by one half that amount due to Rli and 
R9 of Figure 2. As a voltage controlled 
oscillator, one can expect ±25% around 
center frequency (fo) to be virtually 
linear with a normal RC timing circuit. 
For wider linear variations around Fo it 
may be desireable to replace the charging 
resistor with a constant current source. 
In this. manner the exponential charging 
characteristics of the classical configura­
tion will be altered to linear charge time. 

Reset Control 

The only remaining function now is the 
reset. As mentioned earlier, the reset, 
when taken to ground, inhibits all device 
functioning. The output is driven low, 
the bistable flip-flop is reset, and the 
timing capacitor is discharged. In the 
astable (oscillatory) mode, the reset can 
be used to gate the oscillator. In the 
monostable it can be used as a timing 
abort to either interrupt a timing se­
quence or establish a standby mode (i.e. 
- device off during power up). It can 
also be used in conjunction with the trig­
ger pin to establish a positive edge trig­
gered circuit as opposed to the normal 
negative edge tri.gger mode. One thing 
to keep in mind when using the reset 
function is that the reset voltage (switch­
ing) point is between 0.4 V and 1.0V 
(min/max). Therefore, if used in con­
junction with the trigger, the device will 
be out of the reset mode prior to reach­
ing 1 volt. At that point the trigger is in 
the "turn on" region, below 1/3 Vcc. 
This will cause the device to trigger im­
mediately, effectively triggering on the 
positive going edge if a pulse is applied 
to pins 4 and 2 simultaneously'. 

FREQUENTLY ASKED 
APPLICATIONS QUESTIONS 

The following is a. harvest of various mal­
adies, exceptions, and idiosyncracies 
that may exhibit themselves from time 

721 



Timer 

to time in various applications. Rather 
than cast aspersions, a qUlck review of 
this list may uncover a solution to the 
problem at hand. 

1. In the osc.illator mode when reset is 
released the first time constant is ap­
proximately twice as long as the rest. 
Why? 

Answer: In the oscillator mode the 
capacitor voltage fluctuates between 
1/3 and 2/3 of the supply voltage. 
When reset is pulled down the capaci­
tor discharges completely. Thus for 
the first cycle it must charge from 
ground to 2/3 Vcc which takes twice 
as long. 

2. What is maximum frequency of 
oscillations? 

Answer: Most devices will oscillate 
about 1 M Hz. However, in the in­
terest of temperature stability one 
should operate only up to about 
500kHz. 

3. What is temperature drift for oscil/a­
tor mode? 

Answer: Temperature drift of oscilla­
tor mode is 3 times that of one shot 
mode due to addition of second volt­
age comparator. Frequency always 
increases with an increasing tempera­
ture. Therefore it is possible to par­
tially offset this drift with an off­
setting temperature coefficient in the 
external resistor/capacitor combina­
tion. 

4. Oscillator exhibits spurious oscilla­
tions on cross over points_ Why? 

Answer: The 555 can oscillate due to 
feedback from power supply. Always 
bypass with sufficient capacitance 
close to the device for all applica­
tions. 

5. Trying to drive a relay but 555 hangs 
up. How come? 

Answer: Inductive feedback. Aclamp 
diode across the coil prevents the coil 
from driving pin 3 below a negative 
.6 volts. This negative voltage is suffi­
cient in some cases to cause the timer 
to malfunction. The solution is to 
drive the relay through a diode thus 
preventing pin 3 from ever seeing a 
negative voltage. 

6. Double triggering of the TTL loads 
sometimes occurs. Why? 

Answer: Due to the high current ca­
pability and fast rise and fall times of 
the output a totem pole structure 
different from the TTL classical struc­
ture was used. Near TTL threshold 
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this output exhibits a cross over dis­
tortion which may double trigger log­
ic. A 1000 p F capacitor from the out­
put to ground will eliminate any false 
triggering. 

7. What is the longest time I can get out 
of the timer? 

Answer: Times exceeding an hour are 
possible, but not always practical. 
Large capacitors with low leakage 
specs are quite expensive. It becomes 
cheaper to use a countdown scheme 
(see Figure 15) at some point depen­
dent on required"accuracy. Normally 
20 to 30 min. is the longest feasible 
time. 

DRIVING HIGH Q INDUCTIVE LOADS 
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Figure 6-8 

DESIGN FORMULAS 

Before entering the section on specific 
applications it is advantageous to review 
the timing .formulas. The formulas given 
here apply to the 555 and 556 devices. 
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APPLICATIONS 

The timer since introduction has spurred 
the imagination of thousands. Thus the 
ways in which this device has been used 
are far too numerous to present each 
one. A review of the basic operation and 
basic modes has previously been given. 
Presented here are some ingenious appli­
cations devised by our applications en­
gineers and by some of our customers. 



Missing Pulse Detector 

Using the circuit of Figure 6-9a, the timing 
cycle is continuously reset by the input 
pulse train. A change in frequency, or a 
missing pulse, allows completion of the 
timing cycle which causes a change in the 
output level. For this application, the time 
delay should be set to be slightly longer 
than the normal time between pulses. Fig­
ure 6-9b shows the actual waveforms seen 
in this mode of operation. 
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If the input frequency is known, the timer 
can easily be used as a frequency divider by 
adjusting the length of the timing cycle. 
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Figure 6-10b shows the waveforms of the 
timer in Figure 6-10a when used as a divide 
by three circuit. This application makes use 
of the fact that this circuit cannot be retrig­
gered during the timing cycle. 

Pulse Width Modulation 
(PWM) 

In this application, the timer is connected in 
the monostable mode as shown in Figure 6-
11 a. The circuit is triggered with a continu­
ous pulse train and the threshold voltage is 
modulated by the signal applied to the con­
trol voltage terminal (pin 5). This has the 
effect of modulating the pulse width as the 
control voltage varies. Figure 6-11 b shows 
the actual waveform generated with this 
circuit. 
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Pulse Position Modulation 
(PPM) 

Timer 

This application uses the timer connected 
for astable (free-running) operation, Figure 
6-12a, with a modulating signal again ap­
plied to the control voltage terminal. Now 
the pulse position varies with the modulat­
ing signal, since the threshold voltage and 
hence the time delay is varied. Figure 6-12b 
shows the waveform generated for triangle 
wave modulation signal. 
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Timer 

Tone Burst Generator 

The 556 Dual Timer makes an excellent 
tone' burst generator. The first half is 
connected as a one shot and the second 
half as an osciliator.(Figure 6-131 

The pulse established by the one shot 
tunis on the oscillator allowing a burst 
to be generated. 

Sequential Timing 

One feature of the dual timer is that by 
utilizing both halves it is possible to ob­
tain sequential timing. By connecting 
the output of the first half to the input 
of the second half via a .001J.Lfd coupling 
capacitor sequential timing may be ob­
tained. Delay tl is determined by the 
first half and t2 by the second half 
delay. (Figure 6-141 

The fi rst half of the timer is started by 
momentarily connecting pin 6 to ground. 
When it is timed out (determined by 
1.1RICt) the second half begins. Its 
duration is determined by 1.1 R2C2. 

SEQUENTIAL TIMER 

Vee Vee Vee 

10K 
., 
lmeg 

12 

13 
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~;~F 

INPUT 0---1 

ALL RESISTOR VAL.UES ARE IN OHMS 

Figure 6-14 

METHOD OF ACHIEVING LONG TIME DELAYS 

LONG TIME COUNTER 

Vee Vee 

., 
10K 130K 

e, 
*5o"F 

.001 
OUTPUT 1 

OUTPUT 2 

(HOURS, DAYS. WEEKS, ETC.) 
r-~r-~~--~--~--------------------------~~--~~~~Vee 

RB 
(5M) 

R. 
(5K) 

r.~+,..., 

+----j2 1/2-556 5 

C JI130 >'F) 

ALL RESISTOR VALUES ARE IN OHMS 

Long Time Delays 

In the 556 timer the timing is a function 
of the charging rate of the external ca­
pacitor. For longtime delays expensive 
capacitors with extremely low leakage 
are required. the practicality of the com­
ponents involved limits the time between 
pulses to something in the neighbor­
hood of twenty minutes. 

To achieve longer time periods both 
halves may be connected in tandem with 
a "divide-by" network in between. 

The first timer section operates in an 
oscillatory mode with a period of 1/fo. 
This signal is then applied to a "Divide­
by-N" network .to give an output with 
the period of N/fo. This can then be 
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13 
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Figure 6-15 

used to trigger the second half of the 
556. The total time is now a function 
of Nand fo (Figure 6-151. 

Auto Burglar Alarm 
This circuit utilizes the time delay mode 
of operation. When the arm/disarm 
switch is opened (normally closed) the 
exit timer starts its timing cycle. Pin 5 
will· go low after the exit time lapse to 
energize the alarm circuit. Door switches, 
when closed will keep the PNP transistor 
of'. by keeping pin 9 high. When any 
door switch is opened, after a delay, the 
transistor will turn on sounding horn of 
the arm/disarm switch is not closed with­
in the delay time (Figure 6-161. 

GjgDotiGG 

Speed Warning Device (1) 
Utilizing the "missing pulse detector" 
concept, a speed warning device, 'suchas 
depicted, becomes a simple and inex­
pensive circuit (Figure 6-17al. 

Car Tachometer (1) 

The timer receives pulses from the distri­
butor points. Meter M receives a cali­
brated current thru R6 when the timer 
output is high. After time out the meter 
receives no current for that part of the 
duty cycle. integration of the variable. 
duty cycle by the meter movement pro­
vides a visible indication of engine speed 
(Figure 6-181. 



BURGLAR ALARM CIRCUIT 
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Figure 6-16 
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Oscilloscope Triggered 
Sweep 

The 555 timer holds down the cost of 
adding a triggered sweep to an economy 
oscilloscope. The circuit's input op amp 
triggers the timer, setting its flip·flop 
and cutting off its discharge transistor 
so that capacitor C can charge. When 
capacitor voltage reaches the timer's 
control voltage (O.33Vcc), the flip· 
flop resets and the transistor conducts, 
discharging the capacitor (Figure 6-19) .. 

FROM 
VERTICAL 
AMPLIFIER 1M 

Square Wave Tone Burst 
Generator (4) 

Depressing the pushbutton provides 
square·wave tone bursts whose duration 
depends on the duration for which the 
voltage at pin 4 exceeds a threshold. 
Component~ RI, R2 and CI causes the 
astable action of the timer Ie (Figure 6-20L 

Regulated DC-to-DC 
Converter (2) 
Regulated DC to DC converter produces 
15V DC outputs from a +5V DC input. 
Line and load regulation is 0.1 % (Figure 
6-21). 

SCHEMATIC OF TRIGGERED SWEEP 

tVee 

OK 

Voltage to Pulse Duration 
Converter (1) 

Voltage levels can be converted to 
pulse dUrations by combining an op amp 
and a timer IC. Accuracies to better than 
1 % can be obtained with this circuit (a) 
and the output signals (b) still retain the 
original frequency, independent of the 
input voltage (Figure 6-22). 
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REGULATED DC TO DC CONVERTER 
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Servo System 
Controller (1) 

To remoteley control a servo motor, 
the 555 needs only six extra components 
(Figure 6-23>' 

PULSE GENERATOR 
OR SYSTEM 

CLOCK 

Your 
FOR 
VIN=V2 
V2 V, 

·VIN IS LIMITED TO ·2 
DIODE DROPS WITHIN 
GAOUND OR BELOW 
Vcc 

Figure 6-22 

Stimulus Isolator (5) 

Stimulus isolator uses a photo-SCR and 
a toroid for shaping pulses of up to 200V 
at 200ILA (Figure 6-24>' 

SmDotiCS 

Voltage to Frequency 
Converter 
(0_2% Accuracy) (6) 

Linear voltage-to-frequency converter (a) 
achieves good linearity over the 0 to 
-10V. Its mirror image (b) provides the 
same linearity over the O-to+10V range 
but is not DTL/TTL compatible (Figure 
6-25a & bJ 
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Positive to Negative 
Converter (7) 

Transformerless dc-de converter derives 
a negative supply voltage from a positive. 
As a bonus the circuit also generates a 
clock signal. 

The negative output voltage tracks the 
de input voltage linearity (a), but its 
magnitude is about 3V lower, Applica­
tion of a 50 On load, (b), causes 10% 
change from the no-load value (Figure 
6-26a, b, & d. 
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Auto Burglar Alarm (8) 

lOO"F 

Timer A produces a safegaurd delay, 
allowing driver to disarm alarm and elim­
inating vulnerable outside control switch. 
The SCR prevents timer A from trigger­
ing timer B, unless timer B is triggered 
by strategically located sensor switches 
(Figure 6-271. 
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Cable Tester (9) AUTO BURGLAR ALARM 

ON/OFF SLIDE SWITCH~ Compact tester checks cables for open­
cicuit or short-circuit conditions. A dif­
ferential transistor pair at one end of 
each cable line remains balanced as long 
as the same clock pulse - generated by the 
timer IC - appears at both ends of the 
line. A clock pulse just at the clock end 
of the line lights green light-emitting 
diode, and a clock pulse only at the 
other end lights a red LED (Figure 6-28l. 

l 0--- IGNITION 

+BAT 

Low Cost Line Receiver (10) 

The timer makes an excellent line re­
ceiver for control applications involving 
relatively slow electro-mechanical de­
vices. It can work without special driv­
ers over single unshielded lines (Figure 
6-29l. 
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LOW COST LINE RECEIVER Temperature Control (11) Automobile Voltage 
Regulator (12) 

Vee +5 V 

lOOK 
INPUT o---vI/Ir~~---1 

TIMER 
SIGNETICS 3 OUTPUT 

555 

STROBE 

A couple of transistors and thermistor 
in the charging network of the 555-tvpe 
timer enable this device to sense temper­
ature and produce a corresponding fre­
quency output. The circuit is accurate 
to within ±1 Hertz over a 78°F tem­
perature range (Figure 6-30a & b)' 

Monolithic 555-type timer is the heart 
of this simple automobile voltage reg­
ulator. When the timer is off so that its 
output (pin 3) is low, the power Darling­
ton transistor pair is off. If battery volt­
age becomes too low (less than 14.4 volts 
in this easel. the timer turns on and the 
Darlington pair conducts (Figure 6-31), 
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Switching Regulator (13) 

The basic regulator of Figure 6-32 is shown 
here with its associated timing and pulse 
generating circuitry. The block diagram 
Illustrates how the over~all regulator works. 
The multivibrator determines switching fre­
quency, and the error amplifier adjusts the 
pulse width of the modulator to maintain 
output voltage at the desired level. The 
output resistor divider provides the sensing 
voltage. (Figure 6-35) 

DC-to-DC Converter (14) 

DC TO DC CONVERTER 

II&[ 
Figure 6-32 

Ramp Generator (14) 

'V RAMP GENERATOR 

TRltlGER 

Figure 6-33 

Audio Oscillator (14) 

AUDIO OSCILLATOR 

'v 

RA I 
• 4 

r---- 7 

~: 
TIMER 

'~IIGc1 ~c 
1 

":' 
1,49 

f " (RA + 2RBIC 

Figure 6-34 

732 

SWITCHING REGULATOR 

'" !i 

Figure 6-35 

SmootiCS 



Low Power Monostable 
Operation 

In battery operated equipment where 
load current is a significant factor figure 
36 can deliver 555 monostable operation 
at low standby power. This circuit inter­
faces directly with CMOS 4000 series 

and 74LOO series. During the monostable 
time, the current drawn is 4.5mA for 
T = 1.1 RC. The rest of the time the cur­
rent drawn is less than 50,uA. Circuit 
submitted by Karl Imhof, Executone 
Inc., Long Island City, NY. 

In other low power operations of the 
timer where Vcc is removed until timing 

LOW POWER MONOSTABLE 

Timer 

is needed, it is necessary to consider the 
output load. If the output is driving the 
base of a PNP transistor, for example, 
and its power is not removed, it will sink 
current into pin 3 to ground and use 
excessive power. Therefore, when driving 
these types of loads, one should recall 
this internal sinking path of the timer. 
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Timer 

INTRODUCTION 

The 558/559 are monolithic Quad Tim­
ers designed to be used in the timing 
range from a few microseconds to a 
few hours. Four entirely independent 
timing functions can be acheived, using 
a timing resistor and capacitor for each 
section. Two sections of the quad may 
be interconnected for astable operation. 
All four sections may be used together, 
in tandem, for sequential timing applica­
tions up to several hours. No coupling 
capacitors are required when connecting 
the output of one timer section to the 
input of the next. 

FEATURES 

• 100mA OUTPUT CURRENT PER SEC­
TION 

• EDGE TRIGGERED (NO COUPLING CA­
PACITOR) 

• OUTPUT INDEPENDENT OF TRIGGER 
CONDITIONS 

• WIDE SUPPLY VOLTAGE RANGE 4.5V 
TO 16V 

• TIMER INTERVALS FROM MICROSEC­
ONDS TO HOURS 

• TIME PERIOD EQUALS RC 

CIRCUIT OPERATIONS 

In the one shot mode of operation, it 
is necessary to supply a minimum of 
two external components, the resistor 
and capacitor for timing. The time per­
iod is equal to the product of Rand C. 
An output load must be present to com­
plete the circuit due to the output struc­
ture of the 558/559. 

For astable operation, it is desireable to 
cross couple two devices from the 558/ 
559 Quad. The outputs are direct cou­
pled to the opposite trigger input. The 
duty cycle can be set by ratio of R 1 Cl 
to R2C2 from close to zero to almost 
100%. An astable circuit using one timer 
is shown on page 13. 
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OUTPUT STRUCTURE 558 

The 558 structure is open collector which 
requires a pull-up resistor to Vcc and is 
capable of sinking 100mA per unit but 
not to exceed the power dissipation and 
junction temperature rating of the die 
and package. The output is normally 
low and is switched high when triggered. 

OUTPUT STRUCTURE 559 

The 559 output is normally low and off. 
It sources up to 100mA from a Darling­
ton emitter follower when switched on. 
A pull down resistor to ground is re­
quired. 

RESET 

A reset function has been made available 
to reset all sections simultaneously to an 
output low state. During reset the trigger 
is disabled. After reset is finished, the 
trigger voltage .must be taken high and 
then low to implement triggering. 

The reset voltage must be brought be­
low 0.8V to insure reset. 

558/559 TEST CIRCUIT 

Vee RESET 

THE CONTROL VOLTAGE 

The control voltage is also made availa­
ble on the 558/559 timers. This allows 
the threshold voltage to be modulated, 
therefore controlling the output pulse 
width and duty cycle with an external 
control voltage. The range of this con­
trol voltage is from about 0.5V to Vcc 
minus 1 volt. This will give a cycle time 
variation of about 50:1. In a sequential 
timer with voltage controlled cycle time, 
the timing periods remain proportional 
over the adjustment range. 

TEST BOARD FOR 558/559 

The circuit layout can be used to test 
and characterize the 558 or 559 timer. 
52 is used to connect the loads to either 
Vcc or ground. The main precaution, in 
layout of the 558 and 559 circuits, is 
the path of the discharge current from 
the timing capacitor to ground (pin 12). 
The path must be di rect to pi n 12 and 
not on the ground buss. This is to pre­
vent voltage spi kes on the ground buss 
return due to current switching transient. 
It is also wise to use good power supply 
bypassing when large currents are being 
switched. 

...... _-+-o-..S_'~ 

Rl R2 

10 

15 

Vee 
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558/559 TEST BOARD LAYOUT 

FOIL SIDE 

INPUTS 1 
o 

OUTPUTS 1 
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Timer 

558 TWO HOUR TIMER 

TRIGGER 

Veeo-~~--------~~--------~~--------~, 

10M 
180pF 

APPLICATIONS 

TR1GGER~ 
I-r 4 (AC) 2 HAS, ~I 

OUTPurJ L 

558 SEQUENTIAL TIMER WITH VOLTAGE CONTROLLED CYCLE TIME (50:1 RANGE) 

TRIGGER 
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MONOSTABLE OPERATION 
(ONE SHOT) 

Vee 

TRIGGER 

T = RC OUTPUT 

'/--'-'::"-+--o OUTPUT 4 

558 VARIABLE FREQUENCY OSCILLATOR 
WITH FIXED DUTY CYCLE 

Vee 

RL R, RL 

OUTPUT 
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OUTPUT 3 
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NOTE 
t" t2, t3. t4 remain proportional over entire adj. range. 

558 ASTABLE OPERATION 
(OSCILLATOR) 

j INCREASE 
FREQUENCY 
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OUTPUT 
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APPLICATIONS 

558 LONG·TIME DELAY 

Vcco-~--1r---------,---t----------~-1~--------1r--' TRIGGE;-U 

OUTPUT.:.r~ '--------
OUTPUT :2 ~ ..... ---
OUTPUT 3 

I 
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NOT US EO fOELAV 31~,C,1 
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558 RING COUNTER 
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Timer 
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APPLICATIONS 

NE558 400 Hz SQUARE WAVE OSCILLATOR 
A single section of the Quad time may 
be used as a non precision oscillator. The 
values given are for oscillation at about 
400Hz. Tl "'" R1CI and T2 "'" 2.25 R2 
C2 for Vcc of 15 volts. The frequency 
of oscillation is subject to the changes 
in Vcc. 

VCC"'15V 

START 

RESET 

C2 
.01 

TIME 

TRIG 
OUT 

56K 

::E' 

VCC 

START 

RL 
1.5Kn 

559 ASTABLE OPERATION 

R1 R2 

o-.... ...,:~ TRIG 0, 1-'-_.----'-4 

13 RL 13 RL 

RESET 
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EXPECTED WAVEFORMS 
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INTRODUCTION 
The following chapter will cover those de­
vices which can be referred to as communi­
cations circuits. Such devices as balanced 
modulators,RF/lF amplifiers, a(ld video 
amplifiers are included. Many other devices 
such as the ULN2111 partially fit the com­
munication heading but also fit the consum­
er category since they are intended primari­
ly for the home entertainment market. 
These devices will be covered in detail inthe 
consumer section. 

RF/IF AMPLIFIERS 
Ideally, semiconductor devices for use in 
the RF amplifiers should have a high 
forward transconductance and a low re­
verse transadmittance, that is,lowfeedback 
capacitance. A single transistor may have a 
high transconductance, but it will also have 
high reverse transadmittance, making it 
difficult to fully utilize its high tranconduct­
ance in a tuned amplifier. 

DIFFERENTIAL AMPLIFIER 

Figure 7-1 

There are two multiple transistor circuit 
configurations available that allow the re­
duction of the reverse transadmittance. The 
first circuit, Figure 7-1, is basically a differ­
ential amplifier with a high impedance 
emitter coupling circuit (a current genera­
torl. Rearranging the circuit and adding a 
source, load, and ground result in the circuit 
of Figure 7-2. The input stage is common 
collector and the output stage is common 
base. Therefore, the currents in the collec­
tor to base capacitance of the input stage 
are completely isolated from the input 

. stage. The reverse transadmittance then 
consists primarily of the stray capacitive 
reactance occurring in the package in 
which the device is encased. Figure 7-3 
shows the circuit with suitable biasing 
applied. 

The second circuit, Figure 7-4, is a series 
transistor connection. When a source and 
loading are incorporated, it is apparent that 

this is a common emitter-common base 
connection, commonly called a "cascode" 
circuit. Again, as in the circuit of Figure 7-3, 
the currents in the collector to base capaci­
tance of the output stage are completely 
isolated from the input circuitry. The cur­
rents in the collector to base capacitance of 
the input stage do not flow directly to 

REARRANGEMENT SHOWING 
COMMON COLLECTOR-COMMON 

BASE STAGES 

Figure 7-2 

COMMON COLLECTOR~COMMON 
BASE STAGE WITH BIASING 

v+ 

Figure 7-3 

COMMON EMITTER-COMMON 
BASE AMPLIFIER 

Figure 7-4 

SagOotiG!i 

Communications· Circuits 

REARRANGEMENT SHOWING LOADS 
AND PARASITIC ELEMENTS 

Figure 7-5 

ground as in the circuit of Figure 7-3 and 
some feedback does occur. However, it is 
negligible because the collector of the first 
stage is heavily loaded by the emitter of the 
second stage. Therefore, very little feed­
back voltage may be developed across it. 
Figure 7-6 shows the circuit as it might be 
used. It has a gain capability greater than 
the circuit of Figure 7-3. 

In most RF/IF amplifiers, the Circuit design­
er wishes to operate from a single power 
supply. To permit this method of operation, 
a bias must be supplied for the bases of 
transistors 01 and 02. 

This bias is obtained by inserting two more 
diodes, CR1 and CR2, in a series with the 
bias current resistor R, of Figure 7-7. Two 
diodes are used to ensure that if either of the 
transistors, 01 or 02, should become satu­
rated the voltage cannot fall low enough to 
disturb the operation of the current gener­
ator. 

COMMON EMITTER-COMMON BASE 
AMPLIFIER WITH BIASING 

v+ 

Figure 7-6 

741 



Communications Circuits 

ADDITIONAL BIASING TECHNIQUE DC AND LOW FREQUENCY 
PARAMETERS 

v+ 

CC-CB CE-CB 
Unit PARAMETER 

V+= 6V V+ = 12 V V+= 6V V+ = 12 V 

Bias Network Current 1.5 3.2 1.5 3.2 mA 
Quiescent Input Current 25 50 50 100 "A 
Quiescent Output Current 0.6 1.4 1.2 2.8 mA 
Input Conductance (Yl1) 0.25 0.4 1.0 2.0 mmho 
Output Conductance (Y22) 0.01 0.01 0.01 0.01 mmho 
Input capacitance 4.0 4.5 8 10 pF 
Output Capacitance 3.0 2.5 3.0 2.5 pF 
Feedback Capacitance 0.1 0.1 0.1 0.1 pF 
Forward Transconductance (Vi,) 11 21 45 75 mmho 

Table 7-1 

Figure 7-7 

The final ci'rcuit deSign is shown in Figure 7-
B. The transistors used are of small geome­
try and have an FT of about 700MHz. 

As shown the 510 and 511 configurations 
are quite similar. The emitters of the current 
sources are brought out for the 511 so that 
degeneration may be introduced for better 
signal handling capability and linearity. 

CIRCUIT CHARACTERIZATION 
The circuit is characterized with "Y" pa­
rameters as is common with RF amplifiers 
used in the frequency range for which this 
device was designed. Table 7-1 is a sum­
mary of the low frequency "Y" parameters of 
the circuit. The real part of all the parame­
ters remains nearly constant until the oper­
ating frequency exceeds 10MHz, at which 
time input and output conductances start to 
rise and the forward transconductance 
starts to fall. 

The reverse transconductance of both the 
common emitter/common base and com­
mon base/common collector configura­
tions is extremely small, the real part being 

FINAL CIRCUIT CONFIGURATION 
OF 510/511 

All resistor values are in ohms 

742 

12 

4 11 

510 ___ ~L.!.._ 

Figure 7-8 

13 14 

3.21< 

510 
_ -E!!:..Y_ 

Smnotics 

negligible while the imaginary part corre­
sponds to a capacitance of less than 0.1 
pico Farad. 

Table 7-1 shows that the forward transcon­
ductance, Y21, of both configurations is a 
function of power supply voltage. A plot of 
Y21 versus bias network current for the 
common collector-common baseconfigu­
ration, Figure 7-9, shows that the Y21 is 
directly proportional to the bias current. A 
plot of Y21 versus differential input voltage 
of the common emitter-common collector 
configuration, Figure 7-10, shows that Y21 
may be controlled by changing differential 
input voltage. These circuit characteristics 
allow the application of automatic gain con­
trol to RF amplifiers made from eithercircuit 
configuration. 

CIRCUIT BIASING 
Since this circuit is completely devoid of 
resistors and bias networks, their selection 

TRANSCONDUCTANCE 
VI BIAS CURRENT 

40 

!~OA~=~~~t~cET~~~·lc~:'~C~~E~~NECT'O~ 

/ 
30 

/ 

20 
/ 

V 
/ 

10 

V 
/ 

0 , 2 , 4 5 • 7 

BIAS CURRENT ~ MA 

Figure 7-9 
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TRANSCONDUCTANCEvs 
CONTROL VOLTAGE 

TRANSl?ONDUCT~NCE (Y211 vs. CON.TROL VOl, TAGE 
510 COMMON EMITTER· COMMON BASE CONNECTION 

--.... 1\ 
1\ 
\ 

I'.. 

Figure 7-10 

is at the discretion of the user. This allows 
the circuit designer complete freedom of 
choice in operating parameters and transis­
tor. interconnections. His only constraints 
are the absolute maximum ratings of the 
device; for example, applied voltage, cur­
rent, junction temperature, etc. 

A typical bias connection, option No.1, is 
given in Figure 7-11. Operating currents are 
determined by the voltage between the base 
of the transistors Q1 and Q2 and V-, and 
resistors R1 and R2. The voltage for the 
bases of Q1 and Q2 is obtained from the 
temperature compensated voltage divider 
consisting of R3, R4, and diode CR1. Includ­
ing CR1 in the bias network compensates 
for the temperature coefficient of the base­
emitter voltage of Q1 and Q2. The current in 
the voltage divider should be approximately 
75% of the emitter current of Q1 and Q2. 
Should it become necessary for the collec­
tor currents of Q1 and Q2 to be unequal but 
of the same order of magnitude, then it is 
suggested that the voltage divider current 
be selected as the average of the emitter 
currents. A design example is as follows: 

1. Assume operating currents of 2mA for 
Ic1 and Ic2. 

2. Assume V- is at ground and V+ at +12 
volts. 

3. Assume that the design requires that 
resistors R1 and R2 be 10000hms. 

4. Calculate the voltage at the emitters and 
the bases of Q1 and Q2. 

VE1 = VE2 = IC1 X RI = 10000 X 2mA = +2V 

Ve1 = Ve2 = VE1 + VeE = +2V + 0.7V 

= +2.7V (T. = 25° C) 

Communications Circuits 

BIAS CIRCUIT-OPTION 1 

v+ 

R3 

v-

Figure 7-11 

5. Calculate bias network current. 

Ie = O.75Ic1, IC2 = 0.75 X 2mA = 1.5mA 

The bias diode is formed from a planar type 
transistor which has had its collector and 
base connected together. It may be operat­
ed in either the forward mode or in the 
reverse breakdown region as a 6.BV Zener 
diode. When used as a Zener diode, the 
operating current should be kept less than 
10mA. 

6. Calculate bias resistors. 

VE1 2V 
R1 = 18 = 1.5mA = 1.33k; 

R3= V+-Ve1 = 12-2.7 =6.2k 
Ie 1.5 

I 
L __ _ 

Si!lDOliCS 

Figure 7-12, option No.2, shows utilization 
of the diode in this mode to develop a third 

BIAS CIRCUIT-OPTION 2 

I 
I 
I 

___ J 

I" t '. 

Figure 7-12 

" 
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power supply required to bias the bases of 
the emitter-coupled transistors. 

The selection of the load for these circuits is 
entirely application oriented. If it is to be 
resistive, its magnitude will be a function of 
the following amplifier requirements: 

1. Output Voltage Swing 
2. Voltage Gain 
3. Bandwidth 

In most applications, the load should be 
selected to ensure that the transistors do 
not saturate for the largest positive com­
mon mode input voltage. 

DIFFERENTIAL AMPLIFIERS 
Differential amplifiers are the easiest cir­
cuits to design. The following parameters 
must be considered in their design: 

1. Voltage Gain 
2. Output Swing 
3. Input Resistance 
4. Bandwidth 

It may be possible to design a one-stage 
amplifier with all of these parameters opti­
mized but it is highly unlikely. Usually the 
designs are a compromise of these parame­
ters. For example, several cascaded stages 
may be required to obtain the desired gain. 
The gain and the output swing may have to 
be compromised so the required input re­
sistance and bandwidth may be obtained. 

Until bandwidths of greater than 10MHz are 
required, the bandwidth of the amplifier is 
determined solely by the RC time constant 
consisting of the load resistance and load 
capacitance, be it a discrete capacitor, stray 

capacitance to ground, or collector to base 
capacitance (Figure 7-2, 7-5l. The 3dB 
bandwidth is determined from the following 
equation: 

F3d8=----

When RL = total load resistance and 
CL = total load capacitance 

The single-ended output voltage gain (A,) of 
the circuit may be calculated from the 
product of the transconductance (gm) and 
load resistance (RL). 

Av = QmRL 

The transconductance of the 511 may be 
determined for any collector current from a 
curve on the data sheet entitled Trans­
conductance vs. Collector Current (Emitter­
Coupled). 

A second method of calculating the gain of a 
single-ended output differential amplifier 
uses the relationship between the load re­
sistance and the resistance in the emitter 
circuit. Figure 7-14shows this type of ampli­
fier. The gain is approximated by the ratio of 
the load resistance to the total resistance in 
the emitter circuit. 

The resistance in the emitter circuit consists 
of the emitter contact and bulk resistance, 
RE and the diffusion resistance, reo For the 
510/511, RE is approximately 3 ohms per 
transistor and re is given by the following 
equation: 

kT 
re= 

qle 

BASIC DIFFERENTIAL AMPLIFIER 

v+ 

ccc ...--_---.--0 OUTPUT 

-I'" 

INPUT 

which reduces to: 

26mV 
re=---

Ie 

at 25° C and for emitter currents in milliam­
peres. 

The circuit gain measured from the differen­
tial input to one output becomes: 

RL 
Av=----

2RE + 2re 
( 

26 X 10-3) 23+---
IE 

For differential output, the differential gain 
is twice the single-ended output gain. The 
input resistance of the differential amplifier 
in Figure 7-14 may be approximated by the 
following equation: 
Rin =hFE(2RE + 2rel 

In utilizing this equation, the designer 
should be cognizant of the fact that the hFE 
and re will change as a function of tempera­
ture and emitter current. The hFE is typically 
125 for collector currents of 1mA (at 25°Cl. 
The output swing capability is determined 
by the power supply voltage available. The 
maximum power supply voltage is deter­
mined by the absolute maximum ratings of 
the collector to base voltage of the differen­
tial transistors. It is this voltage which sets 
the maximum peak-to-peak swing for non­
inductive loads. To maximize the output 
swing, the collector current is set so thatthe 
quiescent output voltage is one-half of the 
positive supply voltage. A circuit example is 
Figure 7-15. If, however, the input signal is 
differential in nature with a common mode 

DIFFERENTIAL GAIN 
CALCULATIONS 

v+ 

OUTPUT 

INPUT 0-------11--------' 

v-

v-

Figure 7-13 Figure 7-14 
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DIFFERENTIAL AMPLIFIER 
COLLECTOR OPERATING POINT 

DIFFERENTIAL AMPLIFIER WITH 
COMMON MODE INPUT SIGNAL 

v+ = +12 V 

v+ '" +12 

...-----QOUTPUT 

RI 

RB 

V-=-12V 

Figure 7-15 

signal relative to ground, the collector oper­
ating point must be made more positive to 
allow for the common mode input signal if 
nonsymmetrical distortion is to be eliminat­
ed. For example, if the input Signal is 10mV 
peak-to-peak riding a 2V common mode 
signal, the collector operating point must be 
raised according to the following equation: 

V+ + Vem 
Vo= 

2 

When V+ = 12V, Vo = 7V 

The circuit of Figure 7-16 is a differential 
amplifier designed using the following de­
sign criteria. 

Circuit Design Example: Differential Input, 
Single-Ended Output Amplifier 

Goals: 
1. Gain = 100 
2. Output Swing = 10V peak-to-peak 
3. Common Mode Range = ±1V 
4. Input Resistance = 5000n 

Assumptions: 
1. hFE = 125 
2. Ambient Temperature (T a) = 25° C 

Solution: 
1. The input resistance of a differential am­

plifier is set by the emitter currents of the 
transistors. Therefore, in order to obtain 
the required amplifier input resistance, 
the emitter currents must be determined 
first. 

RI 

V COMMON 
MODE '\... 
(2V PEAK TO PEAK) 

a. Find re: 

Rin = hFE 12RE + 2re) 

Rin 
re= -- - RE 

2hFE 

re= 17n 

5000 
- 3n 

2 X 125 

b. Determine required emitter current to 
give desired re: 

26 
le= - mA at 25°C 

re 

26 
le= - = 1.53mA 

17 

c. Once the emitter currents have been 
obtained, the collector currents (Ie) are 
easily found: 

Ie 
Ic = Ie - Ib = Ie - -­

hFE 

1.53 
Ic= 1.53---

125 

for all practical purposes 

Ic~ 1.5mA 

2. At this point the emitter currents have 
been selected to provide the required 
input resistance and the collector cur­
rents have been found. It is now neces­
sary to determine the load resistance that 
will provide the desired gain. 

S(gnotiGS 

Figure 7-16 

The voltage gain 

RL 

v-

IAv) = ---- or 
2R!; + 2r. 

RL = 2Av IRE + reI 

=2 X 10013+ 17) 

=4000n 

RB 

3. Having determined the load resistance, 
we next determine the collector oper­
ating point, Vq . 

Vq = V+ - leRL 

when V+ = 12V 

Vq = 12 - 4000 X 1.5 X 10-3 

=+6V 

4. The requirement for output swing is 10V 
peak-to-peak or the output collector 
must swing ±5V from its operating point. 
The collector will swing +6V ±5V or from 
+1V to +11V. 

5. The positive common mode range (CMR) 
is determined by the most negative 
excursion of the output collector and will 
be +1V. The negative common mode 
range is a function of the negative power 
supply and is limited by the Vbe'S of the 
input stage and the saturation voltage of 
the current source. A "rule of thumb" for 
determining the saturation voltage of the 
current source is to assume that it is 
equal to the Vbe of the transistors. The 
negative common mode range is then: 
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Negative CMR = V- + 2Vb. 

The Vbe'S of the 511 are 0.8V or less, 
therefore: 

Negative CMR = V- + 1.6V. 

For the design example, a negative CMR 
of -1V may be obtained with a negative 
power supply of -2.6V. 

V- = Negative CMR -1.6V 

= -1V -1.6V 

= -2.6V 

Increasing the negative supply voltage, 
while staying within the ratings will allow 
a greater negative CMR to be achieved. 

6. The current in the current source transis­
tor, Q3, is set by the resistance of RB and 
the magnitude of the negative power 
supply. For the 511, the best current 
stability is obtained when the bias current 
in the resistor RB is 75% of the required 
current source current. 

V- - Vb. V- -Vb. 
Rs = ---- - ---

0.7Slc3 1.51. 

For the design example where V+ = 12V. 

12 - O.B 
Rs=------

1.5 X 1.5 X 10-3 

Rs '" sooon 

CASCODE RF/IF 
AMPLIFIER (CE-C8) 
The cascode configuration will be used 
where the maximum gain is required and 
where there is no requirement for symmetri­
cal limiting. The circuit of Figure 7-17 is 
typical. For frequencies below 10Mhz, no 
particular precautions need to be taken to 
design a stable amplifier, other than the 
usual efforts to isolate the output from the 
input. Because of the excellent input to 
output isolation and because the gain con­
trol voltage has little effect on the input or 
output parameters, it is not necessary to 
mismatch the interstage transformers to 
ensure a stable amplifier that shows no 
appreciable change in the bandwidth char­
acteristics as the gain is adjusted by the 
automatic gain control voltage. 

Circuit Design Example: Cascode Amplifier 
(Figure 7-18) 

Goals: 

1. Output Voltage Swing (Va) = 12V peak-to­
peak 

2. Voltage Gain ~ 10. 
3. Bandwidth ~ 2M Hz (with 20pF capacitive 

load), 

Assumptions: 

1. Assume high hFE'S (typically 125) 
2. Ta = 25°C 

Solution: 

1. Determine the maximum load resistance. 
It is a function of required bandwidth. 

1 
RL = -- = ---------

27TfC 27T X 2 X 106 X 20 X 10-12 

RL = 4.03k 

If 5% resistors are used, a 3.6kO is the 
largest standard value which will ensure 
that the required minimum bandwidth 
will be obtained. 

2. Determine the required Power Supply 
Voltage (V+): 

V + ~ Sum of the voltage at the base ofthe 
common base transistor (Q2) and 
the output swing, Va. The bias volt­
age at the base of Q2 is set by the 
reverse breakdown voltage of the 
511 bias diode which is used as a 
Zener diode in this example. 

V+;:: 6.BV + 12V = lB.BV 

To allow for power supply fluctua­
tions and measurement toler­
ances, use V+ = 20V. 

3. Determine the output collector current: 

Ie = V+ - Vq 

RL 

where: V q is the qu iescent dc output level. 

CE-CB CASCODE AMPLIFIER CASCODE AMPLIFIER 
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2.7K 
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BANOWIDTH (3 JB) . 3KHz 
GAIN·67dB 

(~~NU~ ~~~TECTED RF) 

DETECTED 
.Ol"F OUTPUT 

L~E;O~,--r. 

L45 I
-NE51O~ 

INPUT­
'-..-Wrlo--------O GAIN CONTROL VOLTAGE 

*.Ol~F *.O'~F 

r--"-~---o GAIN CONTROL VOLTAGE 

rl-+--l<H-~----.--o DETECTED OUTPUT 

~--~>--*---_oTONE S10PIN5 

ALTERNATE DETECTOR CONNECTION FOR 
INCLUSION Of AUTOMATIC GAIN CONTROL 

All resistor values are in ohms 

Vq = Power supply voltage minus one-half 
the possible output swing 

[V+-Vbl 
Vq = V+ - L--2--J = 13.4V 

therefore: 

Ie= 
20V - 13.4V 

3600n 
= 1.83A 

4. Determine the resistance of RE: 

The voltage gain of the circuit is a func­
tion of the ratio of the load resistance to 
the resistance in the emitter circuit. 

Circuit Gain = ___ R_L __ 

RE + r. + rc 

where: re is the diffusion resistance and is 

26mV 

1.83mA 

r. = 14.2n. Ta = 25°C 

r c is the em itter contact resistance and is 30. 

Substituting in the circuit gain equation 
from above: 

10 = __ 3_6_00 __ 
RE + 14.2 + 3 

RE = 360 - 17.2 = 343n. 

Figure 7-19 

5. Select the bias network reSistors: 

a. The 511 data sheet shows that the bias 
diode. when operated in the reverse 
breakdown region. has a low dynamiC 
resistance for currents up to 10mA. 
The bias current was arbitrarily set at 
SmA. this being a point halfway 
between the knee of the curve and the 
10mA limit. 

b. Rx and Ry are selected to apply the 
appropriate bias at the base of 01. This 
voltage is determined by the level 
which must appear across RE to obtain 
the desired operating current and the 
base emitter voltage of 01. In the ex­
ample. the base voltage of 01 is +1.3V. 
The voltage divider resistor is selected 
to provide this voltage when the input 
bias current is 1O/LA. 

In the deSign. a number of approximations 
were made. I n all but the most critical appli­
cations. this design technique will prove 
quite adequate. 

An expansion of the cascode amplifier is the 
455KHz IF strip shown in Figure 7-19. 

This amplifier has been designed using "off 
the shelf" IF transformers. The circuit was 
built using the NE510 in a 14 dual in-line 
plastiC package. The resulting amplifier has 
a voltage gain of 66dB when the gain control 
input is grounded. Gain. in this instance. is 
defined as a ratio of dc output voltage at the 
detector to RMS input voltage. Figure 7-20 

GjgDOliCG 

(GROUND FOR MAXIMUM GAIN) 

is a curve of the gain versus gain control 
voltage. At the maximum gain setting. the 
input was set so that there was no output 
clipping and the dc output voltage was plus 
2 volts. 

10.7MHz LIMITING 
IF AMPLIFIER 
An RF amplifier. using the NE510 in the 
common collector-common baseconfigu­
ration. is shown in Figure 7-21. Although the 
common collector/common base circuit 
has a lower gain than the common emitter/ 
common collector configuration. it will 
prove extremely useful when a limiting am­
plifier is required. When it is operated in this 
configuration. an input level of 0.3 volts 
peak-to-peak will cause the maximum real­
izable output swing. and no further increase 
in the input signal level will affect the output. 
In addition. selecting the load impedance so 
that the output transistor can never satu rate 
will ensure a limiter deSign having excellent 
characteristics with a minimum of phase 
distortion. 

Figure 7-22 is a schematic ofthe IF amplifier 
using the circuit of Figure 7-21. The intent of 
the design is to demonstrate the device 
characteristics and the ease with which the 
circuit was designed and constructed. The 
IF frequency used in commercial FM broad­
cast receivers (10.7MHz) was selected for 
the IF frequency for this amplifier so that 
there would be a basis for comparison. 
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GAIN VB. CONTROL VOLTAGE COMMON COLLECTOR­
COMMON BASE 

:~:~~~:=5vi,~~~GE ~AIN VS. 

60 

1- --....... 
eTTRoL VrTAGE 

'" ~_" 12V I 
""EOUT' _2V 

40 

\ 
\ 

+2.2 +2.3 +2.6 

CONTROL VOLTAGE - VOLTS 

Figure 7-20 

When the design was initiated, checking the 
Y parameters for 10. 7MHz showed very little 
deviation from the dc and low frequency 
parameters. Since the feedback capaci­
tance was very small, it was decided to use 
low frequency design techniques and not 
attempt to mismatch the coupling circuits. It 
was felt that if the design were made in this 
manner, and no instability problems oc­
curred, the usefulness of the circuit would 
be proved. A typical commercial10.7MHz IF 
amplifier has a 3dB bandwidth of 250 to 
300KHz. It was decided to design this ampli­
fier for 300KHz bandwidth. The bandwidths 

of the individual transformers in this design 
were selected using the equation: Amplifier 
Bandwidth (3dB) = Transformer Bandwidth 
(3dB) X "';21/n-11 where un" is the number of 
transformers. In our case, n =3and y'2l7ii=1j 
= 0.5. Therefore, each transformer must 
have a bandwidth of 600KHz. In order to 
have transformers critically coupled and 
have a minimum saddle, the primary to 
secondary winding space is quite large, 
precluding the use of subminiature trans­
formers for this first design. It was decided 
to use dual cup core transformers of the 
type used for many years in vacuum tube IF 

10.7MHz LIMITING IF AMPLIFIER 

100 .100 

10.7 MHz If TRANSFORMER 

Lp= 20 TURNS 136 
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LS = 20 TURNS 136 
TAPPeD 5 TURNS 
fROM OUTER EDGE 

Figure 7-22 
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R.f'. AMPLIFIER 

v-

Figure 7-21 

amplifiers. Winding data for the coils is 
given in Figure 7-22. The transformers used 
were taken from an old receiver and all the 
windings stripped and rewound. The trans-' 
formers had a capacitance of about 12 pico­
farads in the base, so an additional 39 pico­
farads were added to the transformer 
externally to obtain the desired tuning ca­
pacitance. 
The final amplifier designed had the desired 
bandwidth of 300KHz and full limiting was 
obtained with an input voltage at 70 
microvolts RMS. No circuit prmblems 
appeared and tuning was not critical. 

BANDWIDTH - 300 KHz 
FOR FULL LIMITING 
Em ,,70.. VOLTS 

Y+"12V 

All resistor values are in ohms 

LOAD 
600 
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60MHz BAND PASS AMPLIFIER 510 MODULATOR 

Fo"'60MHz 
BW = 0.5 MHz 

r----<~_------() v+ = 6 V 

POWER GAIN" 30 dB 
POUT = 1.8 mW 
ZL = 52 

Figure 7-23 

NARROW BAND 60MHz 
RF AMPLIFIER 
The NES10/Sll may be used for narrow 
band amplifiers with center frequencies well 
above 100MHz. As an example, an amplifier 
in the common collector-common base 
configuration, Figure 7-23, was designed 
with the following design objectives: 

a.· Power Gain-maximize 
b. Center frequency-60MHz 
c. Bandwidth (3dB)-0.SMHz 
d. Power supply-+6 volts 
e. Input impedance-SO ohms 
f. Output impedance-SO ohms 

The Y parameters for 60MHz, as read from 
the curves in the Appendix, are as follows: 

Yl1 = 0.36 + j1.5 = 1.54 L76.5° 
Y22 =.03 + j1.1 = 1.1 LBB.5° 
Y21 = 3.6 + jS.S = 10.5 L160° 
Y12 = jO.02 = 0.02 L-SO° 

With the help of the Linvill technique input 
and output networks to achieve maximum 
power gain were calculated. The bandwidth 
of the amplifier is determined by the Qutput 
network, since the input network has a 
relatively broad bandwidth. 

The following parameters were measured 
on a breadboard amplifier: 

1) power gain-30dB 
2) bandwidth (3dB)-0.SMHz 
3) noise figure-7dB 
4) maximum output swing-300 .millivolts 

RMS across SO ohms 

Because of the very small feedback capaci­
tance of the amplifier, tuning is easily ac­
complished and input adjustments have 
very little effect on the output impedance 
matching and vice versa. 

~~~~LATIONo--tl-. __ +--__ --r 

All resistor values are in ohms 

MODULATORS 

Retu rn i ng to the cu rve of transadm ittance of 
the S10 versus the differential input voltage, 
Figure 7-10, it may be seen that if a modulat­
ing signal instead of an AGC voltage is 
applied to the control input, the transcon­
ductance of the output transistor and the 

Figure 7-24 

output current vary in a like manner. Figure 
7-24 is a modulator circuit. This circuit has 
been operated with a carrier frequency of 
SOMHz and a modulating bandwidth of 
4MHz. A modification of the circuit of 7-24 is 
the balanced modulator circuit of Figure 7-
2S. The constant current generator is modu­
lated by the RF input. When the balance 

BALANCED MODULATOR (SUPPRESSED CARRIER) 

v+ 
MODULATED o 

~~~~LATIONo-----i 1-_-+.-----1' 

All resistor values are in ohms 

Figure 7-25 
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FREQUENCY CONVERTER DOUBLY BALANCED MODULATOR 

v+ 

Figure 7-26 

resistor is properly adjusted and with no 
modulation input, no carrier will be present 
at the output. When a modulation signal is 
impressed, the collector RF currents of the 
differential pair of transistors will be unbal­
anced and a RF signal will be present at the 
output, the phase of which will depehd upon 
whether the modulation input is positive or 
negative. 

RF OSCILLATOR/CONVERTER 
The 510/511 may be used as an RF oscilla­
tor/converter, Figure 7-26, to frequencies as 
high as 100M Hz. Transistor 01 in conju'nc­
tion with a tuned transformer T1 constitutes 
a variable frequency oscillator ofthe Hartley 
type. The base of transistor 01 is biased 
through the secondary of transformer T1. 
Transistor 03 has its current modulated by 
the incoming signal from the transformer T3 
and obtains its bias through the secondary 
of T3. T2 is a transformer turned to filter out 
all but the desired IF frequency. Transistor 
02 acts as a common base, tuned IF ampli­
fier. 

Conversion is accomplished in the non­
linear operating region of the base emitter 
junction of transistors 01 and 02. When 
there is no input signal to transistor 03, only 
harmonics of the local oscillator fundamen­
tal frequency are generated and no signal 
can appear at the output because of tuned 
filter transformer T2. When the current in 
transistor 03 is modified by the incoming 
signal, beat frequencies are generated be" 
tween the local oscillator frequency and the 
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incoming signal frequencies and their sum 
and difference frequencies appear in the 
currents of transistor 02. Transformer T2 
selects the desired sum or difference fre­
quency for amplification in an IF amplifier. 

DOUBLY BALANCED 
MODULATOR 
The 511 is ideally suited for application as a 
doubly balanced modulator. A circuit of this 
type provides double sideband suppressed 
carrier amplitude modulation. Its output 
consists of the sum and difference frequen­
cies of the two input signals and their relat­
ed harmonics. Forexample, when the inputs 
are a carrier (fe) and a modulating signal (fm) 
the major output is as follows: 

fout = klfe - fm) + klfe + fm) 

The output will also contain small amounts 
of the carrier, modulating signal and their 
harmonics. However, when the circuit is 
properly balanced, their effects are minimal. 

A circuit example is given in Figure 7-27. 
The design was done for operation with 
±12V power supplies with the modulation 
input referenced to ground to permit direct 
coupling of the modulation signal for the 
best low frequency response. If the power 
supplies are not suitable for some applica­
tions, the input signal coupling techniques 
may be altered; capacitive coupling em­
ployed, and power supplies modified. For 
example, the negative supply input may be 
grounded, the modulation input may be 
capacitively coupled and biased at +4V 

9i!1DOtiCG 

" 

All resistor values are in ohms 

Figure 7-27 

leaving the remainder of the circuit configu­
ration unchanged. The lower half of a 511 is 
merely a current source. It may be replaced 
with a current source constructed from a 
discrete transistor or if differential modula­
tion input is available, a resistor. 

RE and the modulation balance potentiome­
ter are selected to provide the desired dy­
namic range capabilities of the modulation 
input. The voltage developed by the emitter 
currents across the two RE'S and the modu­
lation balance potentiometer should be ape 
proximately equal to the modulating signal 
peak-to-peak amplitude minus 100mV. 
Modulating signals exceeding this level will 
cause distortion. The modulation balance 
potentiometer is adjusted for minimum 
modulation signal in the output. In addition 
to th is potentiometer, a carrier balance po­
tentiometer is shown. It should be adjusted 
to minimize the presence of the carrier in the 
output. The circuit of Figure 7-28 is a varia­
tion of the circuit for Figure 7-27. It elimi­
nates all potentiometers. Carrier and modu­
lation feedthough will not be as small as the 
circuit of Figure 2-27, but will bequite useful 
where circuit adjustments must be kept at a 
minimum. The capacitor between the emit­
ters of 02 and 06 should be selected to have 
a low reactance at the lowest modulating 
frequency. 

DEMODULATOR 
The 511 may be used in demodulator appli­
cations also. As an example, the FM stereo 
demodulator circuit of Figure 7-29 is pre-
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DOUBLY BALANCED 
MODULATOR, SELF-BALANCING 

ISOLATION AMPLIFIER 
WITH REMOTELY SELECTED 

INPUTS AND REMOTELY CONTROLLED GAIN 

All resistor values are in ohms 

Figure 7-28 

sented. The demodulator FM information is 
applied to the base of 03. The collector 
current of 03 is switched alternately, by the 
38KHz sub-carrier local oscillator, from the 
left output load to the right output load. 
Transistors 04 and 05 are driven out of 
phase with transistors 01 and 02 from the 
38KHz local oscillator so as to cancel the 
38KHz component in the outputs. The sep­
aration is optimized by applying a small 
portion of the input signal to the emitter 06 

v+ = 12 V 

lK 

+6.8Vo-----~ 

+3Vo-_--~ 

SUBSTRATE 

All resistor values are in ohms 

V+·12V 

INPUT 2 

'" 1 ,. 

INPUT 1<>-1 

VOLTAGE GAIN ~ 0 dB ~INPUT2 
~~~pTU~E:~~T:T~~E~~ !'~~K 
FEED THROUGH' 60dBatlkHz 
DISTORTION = 0,3% T.H.O fI OUTPUTS 

011 V •. m .•.• l~H. 

All resistor values are in ohms 

to cancel unwanted out-of-channel infor­
mation. For maximum separation, the 
38KHz sub-carrier local oscillator signal 
should have a minimum second harmonic 
content. Ideally its waveform should be 
square with a 50% duty cycle and have an 
amplitude of approximately 1V peak-to­
peak. 
Although doubly balanced modulators are 
not normally used for audio applications, 
this type of circuit with a few minor 

STEREO DEMODULATOR 

~~~UTo---------~ 
38kHz 

7:p~~ERo--t 

Figure 7-30 

modifications may prove extremely useful. 
The isolation amplifier with remotely select­
ed inputs is shown in Figure 7-30. The level 
adjust/mixing control (RA) may be located in 
a far location and the distance is limited only 
by the noise (60Hz) which may be picked up. 
Feedthrough from the OFF channel is negli­
gible. Bandwidth is limited only by the 
capacitive load on the output. 
Applications occasionally arise where it is 
required to select, with a logic signal, one of 

v+ = 12 V 

510 

'-----+---------"""-'--------t-------' +6.8 V 

DEMOOULATED 
FM o--t 1-_-[" ...... _'V'r--{)+3 V 

2K 

+3V 

"':' SEPARATION"" 40 dB@ 1 kHz 

Figure 7-29 
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two inputs ·toan analog system; for exam­
ple, sense amplifiers for magnetic tape or 
disc readout or othermemory systems. The 
circuit of Figure 7-31 illustrates a 511 appli­
cation which will perform this function. 
Differential input transistor pairs, 01 and 
02 or 04 and 05 are selected by turning on 
current source transistor 03 or 06. The bias 
diode of the 511 i.s used in its reverse break­
down mode to couple the logic input signal 
through a standard gate to the level of the 
current source bases in such a manner that 
the level at the base of 03 swings through 
the fixed voltage level present at the base of 
06 when the logic input goes from a "O"to a 
"1." 

DIGITAL TO ANALOG 
CONVERTER 
The 511, an extremely versatile device, is 
readily connected as a dual switched 
current source. When a numberof511 'sare 
connected as current sources, with each 
current properly scaled,s digital to analog 
converter may be constructed, as in Figure 
7-32 .. The currents are scaled such that: 

In",-I-'-
2n-, 

and are summed in a very low impedance 
provided by the virtual ground present althe 
inverting input of the operational amplifier. 

2-INPUT, DIGITALLY SELECTED 
DIFFERENTIAL PREAMPLIFIER 

INPUT 1 

CONTROL~.....r..".... 
SIGNAL 

All resistor values are in ohms 

Figure 7-31 

BLOCK DIAGRAM-D/A CONVERTER 
(4-BIT-16 LEVEL) 

v+=10V 

V+ 

INPUT 2 

Ii. >~t---o OUT(+) 
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CONVERT 

CONVER· 
SION 
LOGIC 

All resistor values are in ohms 

511 

B~~~+----r------~ CURRENT 
SOURCEI 

C t--Dt--i ~URRENT 
l\it--Dt--i SOURCEI 

SWITCH 

14 13 

2R-1R 4R 

SWITCH 

w 
0 
:2 
w 
a: 

~w 
2R ... 

w 
a: 

Figure 7-32 
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A (MSBI 

+5V 

D1 

DETAIL OF CURRENT SOURCE SWITCH 
FOR DIGITAL 

TO ANALOG CONVERTER 

LOGIC INPUTS 

1Ii (LSBI 

Communications Circuits 

TO CURRENT 
r---'-+---+--'~-'~----+---+-~r-~~--~--~--~----OSUMMING 

Vref=6V-=- R 

All resistor values are in ohms 

The sum of the currents at the input of the 
operational amplifier is presented at its 
output as a positive voltage proportional to 
the input current. The type of conversion, 
successive approximation or ripple counter, 
etc., is controlled by the conversion logic. A 
is the most sign ificant bit (MSB) and ill is the 
least significant bit (LSBJ. The calibrate 
potentiometer is adjusted for the desired 
maximum output when all of the current 
switches are ON. The zero set is adjusted for 
a zero output level when all of the current 
sources are turned off. 

The detail of the current switches is shown 
in Figure 7-33. The diodes CR1 through CR4 
are necessary to ensure that the current 
switches may be adequately driven by typi­
cal DTUTTL gates. The bias resistors, Rb, 
are selected to provide a current in the bias 
compensating. diodes equal to 75% of the 
current in the most significant of the two 
current sources of each 511. 

2R 4R 

V-= -12V 

Figure 7-33 

ANALOG MULTIPLEXER 
Many applications arise where digitally con­
trolled analog switching is required. The 
circuit of Figure 7-34 illustrates a design 
using an integrated circuit which is capable 
of selecting one of two analog signals by 
digital means. The 511 is connected such 
that a logical "0", at the control input, per­
mits the associated analog input signal to 
appear at the common collector resistor 
while the other analog input signal is reject­
ed. The block diagram of Figure 7-35 shows 
the connection of four of the circuits of 
Figure 7-34 to form an eight channel analog 
multiplex switch. A Signetics 8250, binary to 
octal decoder, is used to convert a three line 
binary address to a one of eight signal and 
present a logic "0" to the appropriate 511 
switch. The channel capability may be in­
creased by the use of additional 511 's and 
8250's with the D (inhibit) input of the 8250's 
being used to control the groups of eight. 

Smnotics 

POINT. 

SUBSTRATE 

Analog signals of' up to 200KHz may be 
switched without amplitude degradation. 
The bandwidth may be extended to 2MHz 
when the collector load resistor is replaced 
with the input of a common base amplifier, 
Figure 7-36, thereby reducing the effects of 
the total parasitic circuit capacitances when 
many collectors are connected in parallel. 

For critical applications, the binary informa­
tion should be applied to the 8250 inputs 
simultaneously. For applications where a 50 
to 100 n.anosecond switching transient may 
be tolerated in the output, the 8250 inputs 
may be derived from ripple through coun­
ters. In order to eliminate gain differences, 
from input to input, and minimize the dc 
shift at the output, the bias and emitter 
resistors should be matched at 1% or better. 

The circuits presented in this memo are but 
a few of the many possible. The component 
values shown are not necessarily optimum 
and should be modified to fi.t each specific 
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ANALOG SWITCH 

r---+-~"",,--+-----oOUTPUT 

2K 
16K B.2K 1% ~~ 8.2K 16K 

All resistor values are in ohms 

Figure 7-34 

application. In the application of the 511, the 
user is cautioned to maintain short leads 
and maintain inpuVoutput isolation as the 
circuit transistors have gains in excess of 
unity at frequencies as high as 500MHz. The 
user should also note that the isolation 
contact substrate must always be connect­
ed to the most negative point of the circuit. 
Further information is presented in the Ap­
pendix. 
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ANALOG 
INPUTS 2 511 

BALANCED MODULATOR 

The MC1496 is a monolithic transistor array 
arranged as a balanced modulator­
demodulator. The device takes advantage 
of the excellent matching qualities of mono­
lithic devices to provide superior carrier and 
signal rejection. Carrier suppressions of 
50dB at 10MHz are typical with no external 
balancing networks required. 

ANALOG MULTIPLEXER 

511 511 

8250 

ABC 0 (INHIBIT) 

Figure 7-35 

SmootlGS 

Applications include AM and suppressed 
carrier modulators, AM and FM demodula­
tors, and phase detectors. 

THEORY OF OPERATION 

As Figure 7-37 suggests the topography 
includes three differential amplifiers. Inter­
nal connections are made such that the 
output becomes a product of the two input 
signals Ve and Vs. 

To accomplish this the differential pairs 01-
02 and 03-04, with their cross coupled 
collectors, are driven into saturation by the 
zero crossings of the carrier signal Ve. With 

COMMON BASE AMPLIFIER 

+'2 

20K 2K 

10jJF 

!--oOUTPUT 

TO 
1,uF 511 

COLLECTORS 

All resistor values are in ohms 

Figure 7-36 

+12 V 

511 
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BALANCED MODULATOR 
SCHEMATIC 

Vo(+) 

6 
Va (-) 

9 

CARRIER (-)0---+---+-----' 
INPUT (+)07 ___ ----+------+----' 

SIGNAL 

4 
Ho------I: 

INPUT (+)O'~--__ --t __ __' +-__ --62 GAIN 

+-____ -+ __ --63 ADJUSl 

5 
BIASo-_-_--Ji:-..:=:-----<. 

R1 
500 

R3 
500 

10 
~0---~--4_----~ 

All resistor values are in ohms 

Figure 7-37 

a low level signal, Vs, driving the third differ­
ential amplifier 05-06, the output voltage 
will be a full wave multiplication of Vc and 
Vs. Thus for sine wave signals, Vau! be­
comes: 
Vout = ExEy[cos(wx + cuyl t + cos(wx - wyl tJ 
From equation 7-21 the output voltage will 
contain the sum and difference frequencies 
of the two original signals. In addition, with 
the carrier input ports being driven into 
saturation, the output will contain the odd 
harmonics of the carrier signals. 

BIASING 
Since the MC1496 was intended for a multi­
tude of different functions as well as a 
myriad of supply voltages, the biasing tech­
niques are specified by the individual appli­
cation. This allows the user complete free­
dom to choose gain, current levels, and 
power supplies. The device can be operated 
with single ended or dual supplies. 

Internally provided with the device are two 
current sources driven by a temperature 
compensated bias network. Since the tran­
sistor geometries are the same and since 
VSE matching in monolithic devices is ex­
cellent, the currents through 07 and 08 will 
be identical to the current set at pin 5. Figure 
7-38 and 7-39 illustrate typical biasing ar­
rangements from split and single ended 
supplies respectively. 

R2 
500 

Communications Circuits 

SINGLE SUPPLY BIASING 

R3 

500 500 500 

All resistor values are in ohms 

Figure 7-38 

DUAL SUPPLY BIASING 

~Vo------~~---------, 

1.SK 1.5K 

All resistor values are in ohms -6V 

Figure 7-39 
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MODULATOR FREQUENCY SPECTRUM 

"#: 
+ 

r 
FREQUENCY ---___J_ .. 

fC Carrier Fundamental fC± nfs Fundamental Carrier Sideband Harmonics 
fS Modulating Signal nfc Carrier Harmonics 

fC± fS Fundamental Carrier Sidebands nfC± nfs Carrier Harmonic Sidebands 

Of primary interest in beginning the bias 
circuitry design is relating available power 
supplies and desired output voltages to 
device requirements with a minimum of 
external components. 
The transistors are connected in a casco de 
fashion. Therefore sufficient collector volt­
age must be supplied to avoid saturation if 
linear operation is to be achieved. Voltages 
greater than 2 volts is sufficient in most 
applications. 

Biasing is achieved with simple resistor 
divider networks as shown in Figure 7-39. 
This configuration assumes the presence of 
symmetrical supplies. Explaining the dc 
biasing technique is probably best accom­
plished by an example. Thus, the initial 
assumptions and criteria are set forth: 
1. Output swing greater than 4 volts p-p. 
2. Positive and negative supplies of 6 volts 

are available. 
3. Collector current is 2mA. It should be 

noted here that the collector output cur­
rent is equal to the current set in the 
current sources. 

As a matter of convenience the carrier sig­
nal ports are referenced to ground. If de­
sired the modulation signal ports could be 
ground referenced with slight changes in 
the bias arrangement. With the carrier in­
puts at dc ground, the quiescent operating 
point of the outputs shou Id be at one half the 
total positive voltage or 3 volts for this case. 
Thus a collector load resistor is selected 
which drops 3 volts at 2mA or 1.5k ohm. A 
quick check at this pOint reveals that with 
these loads and current levels the peak to 
peak output swing will be greater than 4 
volts. It remains to set the current source 
le',!el and proper biasing of the signal ports. 
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Figure 7-40 

The voltage at pin 5 is expressed by 

Vbia. = VBE = 500 X Is 

where Is is the current set in the current 
sources. 

For the example VBE is 700mV at room 
temperature and the bias voltage at pin 5 
becomes 1.7 volts. Because of the cascode 
configuration both the collectors of the 
current sources and the collectors of the 
signal transistors must have some voltage tei 
operate properly. Hence the remaining volt­
age of the negative supply (-6v + 1.7v = 
-4.3v) is split between these transistors by 
biasing the signal transistor bases at 
-2.15 volts. 

Countless other bias arrangements can be 
used with other power supply voltages. The 
important thing to remember is that suffi-

cient dc voltage is applied to each bias 
point to avoid collector saturation over the 
expected signal wings. 

BALANCED MODULATOR 
In the primary application of balanced mod­
ulation, generation of double sideband sup­
pressed carrier modulation is accom­
plished. Due to the balance of both 
modulation and carrier inputs the output, as 
mentioned, contains the sum and difference 
frequencies while attentuating the funda­
mentals. Upper and lower sideband signals 
are the strongest signals present with har­
monic sidebands being of diminishing am­
plitudes as characterized by Figure 7-40. 

Gain cif the 1496 is set by including emitter 
degeneration resistance located as RE in 
Figure 7-41. Degeneration also allows the 

DOUBLE SIDEBAND 
SUPPRESSED CARRIER 

MODULATOR 

CARAIER'6---!i"F"'~------I 
INPUT 

MODULATING 

f~~~~L 

v-
Ail resistor values are in ohms .-8Vde 

Figure 7-41 
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maximum signal level of the modulation to 
be increased. In general linear response 
defines the maximum input signal as 

Vs <; 15. RE IPeak) 

and the gain is given by 

RL 
Avs = ---''----

RE + 2re 

This approximation is good for high levels 
of carrier signals. Table 7-2 summarizes the 
gain for different carrier signals. 

As seen from Table 7-2 the output spectrum 
suffers an amplitude increase of undesired 
sideband signals when either the modula­
tion or carrier signals are high. Indeed the 
modulation level can be increased if RE is in­
creased without significant consequence. 
However, large carrier signals cause odd 
harmonic sidebands (Figure 7-401 to in­
crease. At the same time, due to imperfec­
tions of the carrier waveforms and small 
imbalances of the device, the second har­
monic rejection will be seriously deg raded. 
Output filtering is often used with high 
carrier levels to remove all but the desired 
sideband. The filter removes unwanted sig­
nals while the high carrier level guards 
against amplitude variations and maximizes 
gain. Broadband modulators, without ben­
efit of filters, are implemented using low 
carrier and modulation signals to maximize 
linearity and minimize spurious sidebands. 

AM MODULATOR 
The basic current of Figure 7-41 allows no 
carrier to be present in the output. Byadd­
ing offset to the carrier differential pairs, 
controlled amounts of carrier appear at the 
output whose amplitude becomes a func­
tion of the modulation signal or AM modula­
tion. As shown the carrier null circuit is 
changed from Figure 7-41 to have a wider 
range so that wider control is achieved. All 
connections are shown in Figure 7-42. 

AM DEMODULATION 
As pOinted out in equation 7-21, the output 
of the balanced mixer is a cosine function of 
the angle between signal and carrier inputs. 
Further, if the carrier input is driven hard 
enough to provide a switching action the 
output becomes a function of the input 
amplitude. Thus the output amplitude is 
maximum when there is 0° phase difference 
as shown in Figure 7-43. 

Amplifying and limiting of the AM carrier is 
accomplished by the ULN2209. Providing 
55dB of gain, the 2209 also provides sym­
metrical limiting above 4001' volts. The limit­
ed carrier is then appl ied to the detector at 
the carrier ports to provide the desi red 
switching function. The signal is then de-
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CARRIER INPUT APPROXIMATE OUTPUT SIGNAL 
SIGNAL (Ve) VOL TAGE GAIN FREQUENCY(S) 

RLVC 

Low-level dc 
21RE + 2rE) (KqT) 

fM 

RL 
High-level dc --- fM R + 2re 

RLVclrmsl 

Low-level ac 2V2 (:T)IRE+2rel fc ± fM 

O.637RL fc ± fM. 3fc ± fM, High-level ac 
RE + 2re 5fc ± fM .... 

Table 7-2 VOLTAGE GAIN & OUTPUT 
SPECTRUM vs INPUT SIGNAL 

modulated by the syncronous AM demodu­
lator (14961 where the carrier frequency is 
attenuated due to the balanced nature of the 
device. Care must be taken not to overdrive 
the signal input so that distortion does not 
appear in the recovered audio. Maximum 
conversion gain is reached when the carrier 
signals are in phase as indicated by the 
phase-gain relationship drawn in Figure 7-
43. Output filtering will also be necessary to 
remove high frequency sum components of 
the carrier from the audio signal. 

PHASE DETECTOR 
The versatility of the balanced modulator or 
multiplier also allows the device to be used 
as a phase detector. As mentioned the out-

put of the detector contains a term related to 
the cosine of the phase angle. Two signals 
of equal frequency are applied to the inputs 
as per Figure 7-44. The frequencies are 
multiplied together producing the sum and 
difference frequencies. Equal frequencies 
cause the difference component to become 
dc while the undesired sum component is 
filtered out. The dc component is related to 
the phase angle by the graph of Figure 7-45. 
At 90 degrees the cosine becomes zero, 
while being at maximum positive or maxi­
mum negative at 0° and 180° respectively. 

The advantage of using the balanced modu­
lator over other types of phase comparators 
is the excellent linearity of conversion. This 
configuration also provides a conversion 

AM MODULATOR 

Vc 0.1"F ,--'M---+---j 
CARRIER INPUT 0-----) 8 Me 1596K 

~I~~~t~~~~~ 1 Me 1496K 
vs 

All resistor values are in ohms 

Figure 7-42 

SmnotiCs 
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'5 

RL 
3,9K 
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+12V 
AM DEMODULATOR 

All resistor values are in ohms 

PHASE COMPARATOR 

Vc O.lI'F r"w..,...,---:+----j 
PHASE 1~ 8 Me 1596K 

PHASE 2 1 Me 1496K 

51 

All resistor values are in ohms 

10 

. V­
-avec 

Figure 7-44 

t 
" 

gain rather than a loss for greater resolu­
tion. Used in conjunction with a phase 
locked loop for instance, the balanced mod­
ulator provides a very low distortion FM 
demodulator. 

FREQUENCY DOUBLER 
Very similar to the phase detector of Figure 
7-44, a frequency doubler schematic is 
shown in Figure 7-46. Departure from Fig­
ure 7-44 is primarily the removal of the low 
pass filter. The output then contains the 
sum component which is twice the frequen­
cy of the input since both input signals are 
the same frequency. 
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Rl 
3.9K 

10K 

,I---:+---o -Vo 

3.9K 3.9K 

lK 

Me 1496K 

50K 10K 
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51 

PHASE ANGLE 

-8 V 
Figure 7-43 

PHASE DETECTOR ± VOLTAGES 

veo 

INPUT 

",. 90° .. If f ..: ..: ./ If 0 voe AVERAGE 

""lSO° 

Figure 7-45 

LOW FREQUENCY DOUBLER 
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100!,F 
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• C, 
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SIGNETICS ENTERTAINMENT IC'S 

NOISE PROCESSOR SD~lD11IITOIMOSfET"'"".""" F::::§~~~=tI--_..ll!C'-----------~ ~D~ODlll500!MOSfHS,,"chA"" 

INTRODUCTION 
The ever increasing voracity of the consum­
er electronics marketplace has led to a host 
of integrated circuits which replace discrete 
devices and simplify the old methods of 
doing things. For instance home entertain­
ment systems now enjoy the use of integrat­
ed power amplifiers, pre-amplifiers, and IF 
systems on a single chip. More recent ad­
vancements have added the Dolby circuit 
and the CD-4 four channel stereo decoder 
in monolithic form. The following chapter 
will cover in detail the numerous benefits of 
using the new generation of consumer 
I,C.'s. 

POWER AMPLIFICATION 
Optimized for high quality and low distor­
tion the 540 power driver is designed to 
drive a pair of complementary output tran­
sistors. 

It features low standby current, 100mA out­
put capability, low bias current, external 
current and power limiting, wide power 
bandwidth and a power supply operating 
range from ±5V to ±25V. 

The 540 power driver is in essence a trans­
conductance amplifier with an extremely 
linear output current swing of ±100mA with 
a transconductance of 3.3 Amps/Volt. The 
input stage converts the differential input 
voltage into current and the remaining cir­
cuitry is basically a current amplifier in a 
class B configuration. Operating in class B 
allows the device to drive large currents with 

HOME ENTERTAINMENT IC'S 

Figure 8-1 

a minimum of internal power dissipation 
while using current gain rather than voltage 
gain increases bandwidth. 

COMPENSATION 
Most designs utilizing the 540 should be 
limited to gains higher than 40dB forsimplic­
ity of compensation. At this gain level a 
simple capacitance to ground and a small 
lead network in the feedback path provide 
excellent stability and wide bandwidth. 

OPEN LOOP FREQUENCY RESPONSE 
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0 
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Figure 8-2 
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Because the 540 does possess many op amp 
features the compensation techniques for 
lower gains are also of interest. In order to 

Si,gnotiBs 

simplify the precedure the current gain or 
transconductance is related to voltage gain. 
The output impedance of the 540 is 5kohms 
in parallel with 100pF. Therefore, the 
equivalent open loop voltage gain is equal 

to (Equation 8-1) 

Ao = 8 m X Ro = 3.3 X 5 X 103 = 16.5k 

The frequency response is given in Figure 8-
2. Two methods of compensation can be 
used although one method allows only the 
inverting configuration. Figure 8-3 shows 
the lower gain configurations, which is valid 
for both inverting or non inverting configu­
rations. As shown, by increasing the load 
capacitance the amplifier becomes more 
stable. Table 8-1 relates the necessary 
compensation capacitance to the required 
gain. Changes in bandwidth and slew rate 
are also given. 

CIRCUIT FOR GAINS LESS THAN 100 

R'N 

All resistor values are in ohms 

Figure 8-3 
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POWER 
SLEW BAND-

GBP. RATE WIDTH CL 1 CL 
ACL (MHz) (VI!,s) (KHz) (!'F) (pF) 

2 1 0.3 4.8 0.5 50,000 
5 2.5 0.75 12 0.2 20,000 
10 5 1.5 24 0.1 10,000 
50 25 7.5 120 0.02 2,000 
100 50 15 240 0.01 1,000 
200 100 30 480 0.005 500 

Table 8-1 540 Gain/Bandwidth 
Relationships 

For closed loop gains of 2 the 540 has 
characteristics similar to the 741 with the 
exception of ±100mA output capability and 
little parametric change with capacitance 
loads up to 50,OOOpF. Such applications as 
coaxial line drivers and capacitance bridge 
drivers come to mind immediately and 
benefit greatly from this feature. 

Another method of compensation applies 
only to the inverting amplifier configuration 
as illustrated by Figure 8-4. By placing high 
frequency attenuation across the input 
terminals the loop gain is reduced suffi­
ciently to avoid oscillations even at unity 
gain. 

IN 

ALTERNATE METHOD OF 
INPUT COMPENSATION 

All reSistor values are in ohms 

Figure 8-4 

510 

Since Signal levels are low at these pOints 
the slew rate and associated bandwidth are 
very good as illustrated by the Bode plots of 
Figure 8-5. The peaking exhibited by the' 
gain of 100 configuration is less than 2dB 
while the 3dB bandwidth is 850kHz. More 
severe peaking isexhibited by the unity gain 
amplifier suggesting that the overall phase 
shift is increasing, but the 3dB bandwidth is 
over 2MHz. 
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FREQUENCY RESPONSE 
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Gain settings other than those shown re­
quire increasing values of capacitance as 
the gain approaches O. The approximate 
values can be calculated from the expres-
sion 

(Equation 8-2) 

c= 

where Rseries= 560hms and RF is expressed 
in kohms. 

Although 56 ohms was found to be ade­
quate in most cases, slightly less resistance 
may be beneficial at unity gain while higher 
values will be satisfactory at higher gains. 
The formula of Equation 8-2 is only approxi­
mate and will depend upon the series resist­
ance used and the capacitance loading 
present at the amplifier output. 

POWER OUTPUT STAGES 
The 540 was designed specifically to drive 
complementary output transistors for very 
high output currents. Figure 8-6 illustrates 
the necessary connections with Figure 8-7 
providing a printed circuit pattern and load­
ing diagram. 

As shown, typical operational amplifier 
feedback techniques are used to set the ac 
gain at the desired point (40dB in this case). 
Resistor R8 is returned to ground thru a 
50!,fd capacitor. 

At low frequencies the capacitive reactance 
becomes large causing the amplifier gain to 
roll off to unity at dc. This is doneto prevent 
dc voltages such as offset voltage from 
becoming amplified to the level where they 
might be detrimental to the speaker system. 

The selection of power transistors is dictat­
ed pri mari Iy by the output current capabi I ity 
of the 540 which is ±100mA. Total harmonic 
distortion is a direct function of output 
current also. As seen from the distortion 
curves in the data sheetthe reflected imped­
ance from the emitter followers seen by th'e 
540 should be as high as possible if mini­
mum harmonic and intermodulation distor­
tion is to be realized. Transistor types hav­
ing betas greater than 50 at 3 amps of 
current are excellent choices. Such transis­
tor types as the 2N3055, or the 2N5877 npn 
types and the 2N3789 or 2N5879pnp types 
are good choices because their betas are 
specified at 4 amps and they are relatively 
inexpensive. 

35 WATT POWER AMPLIFIER 

.05"F 

o--Jh--1-"" 

VOLTAGE GAIN 

Av .. R7:sRs 

CURRENT LIMITING 

Rl=R6 21::: 

POWER LIMITING 

R2=R5~5en 

", OK 100 

", 
8.2k ", 

50 

R3=R4~~ .". I 50"'~ ______ ---. 

r"' 
All resistor values are in ohms. 

Figure 8-6 
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PRINTED CIRCUIT BOARD FOR 35 WATT AMP 

P.C. BOARD LAYOUT 
(Bottom View) 

PARTS LAYOUT 
(Top View) 

At high frequencies additional phase shifts 
up to 90 degrees can be contributed by the 
output transistors. Total phase margin in 
these cases reduces to less than 45 degrees 
which can cause instability. Miller capaci­
tors of 500pF should be added from base to 
collector as shown in Figure 8-S. Close 
physical leads should be incorporated to 
assure low lead inductance. 

POWER LIMITING 
Power limiting is achieved by placing a 
resistor network around the output stage as 
shown in Figure 8-S. R1 and RS are current 
sensing resistors with R3 and R4 being 
voltage sensing resistors. It is the purpose 
of R2 and R5 to establish a voltage just 
below the VBE of the current limiter transis­
,tor. Only ,a small additional current through 
the output ,devices is necessary to increase 
the voltage drop sufficiently to activate the 
current limiters. However, as long as a load 
is present at the output, the voltage across 
resistors R3 and R4 will be reduced propor­
tionally to the voltage developed across the 
load resistor allowing higher currents to be 
developed only under safe load limits. Typi­
cal VBE/IB curves for the limiter devices can 
be found in the data sheet. Power dissipa­
tion internally to the 540 can become quite 
high. Especially with maximum power sup­
ply voltages it is a good idea to use a clip on 
heat sink. For example at ±25 volts the 
device quiescent current is 20mA maxi­
mum. Therefore internal dissipation is 1 W­
in excess of package ratings without the use 
of a clip on radiator. 

--t1 50Il! 
100} , 

o 0.18 !*O.lIlF 
v-~, 

C 56 
~-+--~- ~.--. 

B !l}--
o-...... --f __ ....::E:...1 ..... OK?! {8.2K 

B 10 PF~ 10K 
H--""::""- 8.2K -"IV'-

L....-+--'C"-~ - -11-
~.l.0.5IlFO 

-.J I- 018 INPUT 
... . TO.1IlF 
o 5000 pF 
v+ 

All resistor values are in ohms 

Figure 8-7 

75 WATT RMS POWER AMPLIFIER 

Close thermal coupling is necessary between 
output transistors and the 540 driver for a 
controlled quiescent current 

All resistor values are in ohms 

R1 = VeeA 
R2 = Veea 
Current limiting 

750mV 
R4 = R6 = IPEAK 

"10 
100 

~J1O."' 15000" 
-VA 

, " RS RL R6 RL 
Power limiting = 2R3 = R4 and 2R7 = As 

.-----_.-<>+vcc A 

", 
", 

", 
'-----...... --o-V. 

Voltage acr055 Re. R7 '" 300 TO 400mv 
iRS. R6 ~ 4mA 

R9 + R10 R1 
AC gain minimum =A1Ox R2 

C1. C2 = 100 - 1000pF 

Figure 8-8 

HIGH POWER AMPLIFIER 
Figure 8-8 shows a hook-up of the 540 
driving an output stage capable of swinging 
95 volts peak-to-peak. Given a 1Sohm load 
the output rms power is then greater than 
72W. 

The extended voltage range is achieved by 
driving the load from a high current output 
stage which has voltage gain and which is 
operating from a higher supply voltage. 01 
and 02 provide current and power limiting 
for the output stage. Output stage gain is 
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calculated from the ratio of R1 and R2 such 
that 

Rl = VOUT (MAX) . R2 
VOUT(540) 

(Equation 8-3) .. 

This voltage gain is sufficient to amplify the 
peak 540 output voltage (which depends 
upon the 540 supply voltage) to the maxi­
mum possible output voltage (dependent. 
upon output stage supplies). 

Current limiting levels are described by 

(Equation 8-4) 

750 mV 
R4=R8= -­

IPEAK 

By establishing a voltage and current com­
bination to generate the necessary turn on 
voltage, power limiting is achieved. Power 
limiting is fixed by the relationship 

(Equation 8-5) 

When defining values cif R3, R5, R6 and R7 
the current should be approximately 4mA. 
This allows sufficient base drive to 01, and 
02 to assure that full limiting takes place. 

The output voltage is defined as 0 volts 
when the bias current is calculated. Thus for 
a 50 volt supply the current becomes 

(Equation 8-6) 

VSUPPLY 50 
IS=R3+R5 =12k+56=4.16mA 

A voltage due to this current is developed 
across resistors R3 and R7. This voltage 
must be less than 750mV and is usually 
selected to be between 300 and 400mV. As 
long as the normal load is seen by the 
amplifier the voltage across the load sub­
tracts from the current limiter VSE voltage. 
This increases the output current of the 
amplifier until peak current is reached at full 
output voltage corresponding to full power. 

SINGLESUPPL Y AMPLIFIERS 
When one polarity supply is ali' that is avail­
able, the 540 can be rebiased to perform 
normally. For instance the 12 volt supply 
found in automobiles is used by the circuit 
.of Figure 8-9. For proper operation the 540 
differential inputs must see bipolar sup­
plies. To achieve this the inputs are returned 
to onehalf of the <lvailable supply or 6 volts. 
All circuitry is otherwise basic with the 
exception of the load. The amplifier output 
will be 6 volts dc since the amplifier has a 
dc gain of one. The load must be ac 
coupled in order to block. this voltage from 
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the speaker. The supply current ofthe 540is 
sensed with a 390hm resistor for output 
transistor drive. This method assures that 
the maximum output swing is equal to the 
supply voltage less only the saturation volt­
age of the output transistors. The maximum 
drive current for the output· devices is 
established by the 560hm resistor in series 
with 50,uFd capaCitor from the 540. output to 
ground. The 5600hm resistor in.parallel with 
5000pF provides. an output voltage ref­
erence as well as high frequency stabili­
zation. 

HAMMER DRIVER 
The 540 can also be used as a driver for 
relays, solenoids, motors, or any other me- .. 
chanical devices. Figure 8-10 demonstrates 
some typical connections. The load can' 
either be push pull or (as in the conventional 
hook-up) single ended. In the push pull 
connection the load is driven in either the 
positive, negative, or both arms of the out­
put. Depending on the input pulse polarity,· 
either output can be selected. In addition, 
the output can be gated off by applying a 
voltage via a current limiting resistor to 
either pin 5 or 6 between pins 1 and 10. 

The current required for these limiters is 
approximately 1mA for pin 1 and 100,uA for 
pin 5. 

In such applications the required input sig­
hal is defined by the maximum load voltage 
divided bythEtclosed I()op gain. 

CAR RADIO AMPLIFIER 

" .. 

. 21K 

5O~F "20 

All resistor value's are',il1 ohms: 

*Select for minimum 
crossover distortion 

Figure 8·9 

RELAY·SOLENOID DRIVER 
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Smootieli 



DESCRIPTION 
The NE541 High Voltage Power Amplifier 
has been designed primarily for use with 
audio equipment. Figure 8-11 shows the 
typical circuit configuration for evaluation 
of the following parameters. 

The amplifier is basically a class AB1 type 
giving very high current gain (typically 90dB 
or better within the audio frequency spec­
trum of 20Hz to 20kHz). The high gain of the 
amplifier permits relatively small signal lev­
els from a preamp stage to be used. If the 
amp stage uses a large feedback factor, the 
linearity of the preamp can be improved. 
The NE541 should operate with closed loop 
gains of 30dB or higher to permit wide band 
operation with relatively high capacitive 
loads at its output. Therefore, a preamp 
whose output is 200-300mVrms will result in 
output levels of 10-20Vrms from the NE541. 

The NE541 always requires some capaci­
tance on its output. The device has been 
designed with some positive feedback 
which aids in the high slew rate and high 
gain capability. The output capacitance 
maintains the stability of the device. 

The NE541 has built-in short circuit protec­
tion. A sensing resistor in series with the 
output drivers turns on a base current shunt 
when the outputcurrent goes too high. This 
limit is set to approximately 100mA typical­
ly, but will have variations due to processing 
and manufacturing tolerances. In addition 
to the built-in short circuit protection, the 
current can be limited by use of external 
circuitry as shown in Figure 8-12. 

The wide band operation of the device as 
seen in Figure 8-13 plus the nominal low 
offset voltages inherent to the amplifier (Vos 
and los) will permit the usage of the device 
in several other areas, such as instrumenta­
tion amplifiers, servo drivers and power 
regulators. 

Several input configurations can be incor­
porated to add either bass or treble boost to 
the system. These configurations should be 
evaluated by the designer to best fit his 
needs. For high power systems additional 
speaker compensation can be included. 

FM DETECTOR-LIMITER 
The ULN2111 was designed primarily for 
FM and TV sound IF applications. This 
circuit is comprised of a three stage limiting 
amplifier with a voltage gain of 60dB and a 
balanced quadrature phase detector as 
shown in Figure 8-17. 

Comprised of three identical differential 
amplifier stages, the amplifier-limiter is 
directly coupled thru emitter followers. The 
direct coupling is possible by using an 
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TYPICAL CIRCUIT CONFIGURATION 
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Figure 8-11 

75 WATT AMPLIFIER WITH EXTERNAL CURRENT LIMITING 
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where: 81 = jwC1Al 
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Amplifier Gain (Midband) 
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ACL = 20 log10 ---R-,- Rf in kn 

Loop gain ~ 90dB - ACL 
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DISTORTION vs FREQUENCY 

DISTORTION vs 

2.4 ,::Nc:ES::.:4c:.1--,.-____ ,-:-:FR.;:E:=Q:::.UE:;.:N:.:C"-Y,.----, 

2.2 1---1- ~~~i~~~6EC~~:~S vs Rl & CL 

2.0 1---I-------c3-O'''-b------j---j 

.... 1.81---j---3000 
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10,000 100,000 200.000 

NOTE 
Co = 17VRMS Figure 8-14 

iilternally generated voltage reference 
formed by a series diode string, dc level 
shifting between stages, and overall dc 
negative feedback. 

To provide for flexibility in the driving of 
different phase-shift networks, two limiter 
outputs are available. One provides the fully 
lim ited output voltage of 1.4V peak to peak 
which is applied directly to the coincidence 
detector. A second low voltage output sup­
plies the same signal at an attenuatio'n of 
-20dB. 

FM detectiOn is accomplished with the bal­
anced product detector shown in Figure 8-
18. As has been pOinted out in the phase 
detector discussions of chapter 7 the bal-

All resistor values in ohms 
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Figure 8-15 

anced product detector produces an output 
dependent upon the phase of the two input 
signals. By phase shifting, with a simple LC 
network, one signal from the other by 900 , 

the carrier signal becomes non-existent and 
the audio modulation is recovered. For any 
level of the inputs Vl and V2 of Figure 8-18 
the output voltage becomes 

t 

Vo = VtR J Ul (t) U2 (t) dt 

o 

where 

U, = tanh VI (t) 
2kT/q 

(Equation 8-7) 

(Equation 8-8) 

SCHEMATIC OF ULN2111 

" OK 

Figure 8-17 
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Figure 8-16 
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14 

(Equation 8-9) 

U2 = tanh V2 (t) 
2kT/q 

and 

VR=~ 
2 

(Equation 8-10> 

Equation 8-7 shows that the output is pro­
portional to the product of the two input 
functions U(tJ. 

The U function accounts for any symmetri­
cal limiting in the base-emitter junctions 
and can be approximated for linear opera-

" OK " O.2K 

, 
OUT 

10 



MONOLITHIC MULTIPLIER BLOCK 

Figure 8-18 

tion and hard-limiting by the input voltage 
itself or by switching function, respectively. 

There are two modes of operation: high 
level switching and low level switching. The 
frequency-transfer characteristics for each 
operating mode are given by: 

Va =~arclan a (high level) 
VR 7l" 

(Equation 8-11) 

(Equation 8-12) 

Va =~(IV1Io) _a_How level) 
VR a 2kT Iq 1 + a2 

(Equation 8-13) 

where 

A = 2Q .:IF = normalized frequency 
Fa deviation 

and 

I vll 0 is the magnitude of Vl at the center 
frequency. 

Equation 8-17 and 8-18 are plotted in Figure 
8-19. For low level operation, the amplitude 
of the bell-shaped response of the tuned 
circuit provides the response fall-off on 
either side of the center frequency, and the 
familiar S-shaped transfer function is ob­
tained. The peak-to-peak separation of the 
source is directly related to the 3dB band­
width of the tuned circuit. For high-lev~'­
operation and within a large range of fre­
quency deviations, the amplitude response 
of the network transfer function is eliminat­
ed, and the response is directly that of the 
phase-shift properties of the LC network. 

The conversion efficiency, VF defined as the 
slope of the transfer characteristic at the 
center frequency, can be shown to be: 

(Equation 8-14) 

( d vo) 2 IV11a VF = -- =-VR tanh--
d a 8=0 7l" 2kT/q 

Figure 8-20 shows the measured values of 
the conversion efficiency as a function of 
the magnitude of the driving voltage V1, at 
the center frequency 4.5MHz. 

DEFINITIONS 
In order to properly utilize the design advan­
tages offered by the ULN2111 it is necessary 
to clarify those quantities used in design 
evaluations. 

Center Frequency-thefm modulated carri­
er frequency designated by to. 
Frequency Deviation-the amount of fre­
quency change of the carrier designated M 

Network Selectivity-the Q of the tuned 
circuit used for phase shifting (Q = fo and 
should be greater than 10) BW 

Conversion Efficiency-the slope of the fm 
"S" curve specified by (dVour/d81 = VOLTS 
per radian. 

Normalized Deviation-For simple LC net­
works the quantity 2Q AF is designated by 
the letter a. fo 

GENERAL CONSIDERATIONS 
The ULN2111 is very versatile and easy to 
use. Only a few general requirements are 
needed. 
1. As with any integrated circuit, especially 

those operating at high frequencies, the 
power supply at pin 13 should be by­
passed with a ceramic disc of the 05.l'fd 
value range. 

2. Amplifier gain is 60dB at high frequen­
cies. This can be troublesome unless 
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good high frequency layout teqhniques 
are practiced. Ground planes are very 
helpful and physical separation of inputs 
and outputs is mandatory. 

3. A dc path less than 300n should be pro­
vided between pins 4 and 6. 

4. Decoupling capaCitor leads at pins 5, 6, 
and 12 should be as short as possible. 

5. The maximum ac load current can be 
increased by adding an external resistor 
between pins 1 and 7. The minimum value 
for this resistor is 800n, giving a mini­
mum load current of 4mA RMS. 

6. A dc path less than 100n shall be pro­
vided between pins 2 and 12. No other 
biasing provisions are required. 

CALCULATED TRANSFER 
CHARACTERISTICS FOR HIGH 

AND LOW LEVEL CASES 

, 
I", " H'G~* (PHASE] 

::~t \ 
Ko .. 1V1iO / IAM~I..ITUJE) - r- LOW~:~::ko<1 'f'- .. 1----1-HIGH LEVEL Ko >1 
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~ 
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/ 
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Figure 8-19 

MEASURED CONVERSION EFFICIENCY 
OF THE MONOLITHIC FM DETECTOR 
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PERFORMANCE 
In an FM detector and limiter, the major 
figures' of merit include recovered audio 
amplitude, dynamic range, and total har­
monic distortion. 

Audio recovery is affected primarily by the 
resonant LC nfltwork and the injection level 
at the detector input. 

To obtain a proper value fOr audio recovery, 
specific characteristics of the S curve are 
recommended. A choice of slope of the S 
curve gives a specified value for dV/dF, 
which is the basic expression of audio re­
covery. A choice of a peak-to-peak separa­
tion desired and a choice of peak-to-peak 
voltage required at the nodes of the S curve 
determine the Q of the LC resonant network 
and injection level. 

The peak-to-peak separation is usually de­
fined by the service for which the system is 
intended. This valufl is 550kHz for FM and 
150kHz for TV. An approximation of the 
circuit Q can be made by the equation: 

Fo 
Q=­

L1f 

(Equation 8-15) 

where fo is the center frequency and AI is 
the 3dB attenuation bandwidth. For TV serv­
ice, the value of circuit Q is approximately 

4.5X106 
Q=---=30 

150X103 

Although the desired circuit Q is fairly low 
(indicating a high-L network), it is desirable 
to use a high-q network. The input to the 
detector introduces some variable capaci­
tance. This can be minimized through the 
use of at least 100pF as the C part of the 
resonant circuit. Inductor choice, along 
with this capacitance value, yields a net­
work with a Q somewhat higher than de­
sired. This can be reduced by using a paral­
leled resistor across-the network. 

Figure 8-21 shows the transfer characteris­
tic for a simple LC network, while Figure 8-
22 shows the UL~2i11 FM Detector and 
Limiter used for TV interfaCing. 

Typical driving capabilities of the ULN2111 
at 4.5MHz are shown in Figure 8-23. 

ULN2111A Driving Capabilities at fo = 
4.5MHz 

Fig. RL(n) AI- 7.5kHz -<11' 24kHz Remarks 

A 2000 220 650 No Clipping 

B 200 i30 AOO No Clipping 

C 200 220 650 
Clipping at 

Vo=500Vrms 
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TRANSFER CHARA,CTERISTICS FOR A SIMPLE LC NETWORK 

OUTPUT = f (NORMALIZED DEVIATION) 
OUTPUT 

+~ 
VF' 

LINEAR MODE 

VINJ. <70m YAMS 

(The units along the vertical axis are arbitrary unitsJ 

Linear mode: Operation of the FM detector with no 

All resistor values are in ohms 

limiting after the phase shift network. 

NOTES 

t. VF defines the slope of the FM transfer characteristic, 
at origin: 

dVout 
Vf=--ata=O 

da 
VF is primarily a function of bias current in the detector 
and injection voltage. 
VF will decrease with decreasing Vee or Vinj. 

2. a = normalized frequency deviation: 

20<1F 
A=--

Fo 
a ::!: '1 for peak deviation 

Figure 8-21 

TV INTERFACING 

+1'211 

11 I 
I 

TO TRANSISTOR 1" -~ --{}-o 0""""",, 

Figure 8-22 

ULN2111A DRIVING CAPABILITIES AT fo = 4.5 MHz 

+12V 

~.'3' __ TOUT -UURL 

Fig. RL (01 
r----:A- ·2000 

B 200 
C - 200 

All resistor values are in ohms 
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The final component required is a small 
decoupling capacitor placed between the 
network and the low amplifier output. To 
insure linear detector operation, the react­
ance of this capaCitor should be substantial­
ly large, as compared to the impedance of 
the tuned circuit at resonance. 

The voltage developed across the simple 
tank circuit is applied to the other two bal­
anced gates of the coincidence detector 
through emitter follower Q1,which provides 
a capability for monitoring the LC network 
tuning without any appreciable loading ef­
fects. It also reduces, to a great degree, the 
capaCitance reflected to a tuned circuit, 
leading to a negligible shift in the tuning as a 
function of incoming signal strength. 

When designing the LC network it is neces­
sary to provide the following requirements: 

1. Capacitively drive the network from 
low impedance (pins 9 or 10). 

2. Pins 2 and 12 should see a dc path less 
than 100 ohms. 

3. The required V2 (Figure 8-18) must be 
supplied at pin 12 by the network. 

4. The phase of the n'etwork at fo must be 
rr/2 or an odd multiple thereof. 

5. To minimize output distortion a maxi­
mum normalized deviation (a) of less 
than .3 should be used. 

Figure 8-24 gives the recommended net­
works for use at 10.7MHz and 4.5MHz. 

COMPONENT VALUE 

TV 4.SMHz Fm 10.7MHz 

L Inductance 7-14"H I.S-3"H 
L Nominal Q 50 50 
(unloaded) 

l DC Resistance son son 
CA 3pF 4.7pF 
CB 120pF 120pF 
Rl 20k 3.0K 
Nelwork Q 30 20 

The other factor governing audio output is 
the injection value at the input to the detec­
tor. The optimum value is 60mVrms at the 
resonant frequency of the network. Figure 
8-20 shows a normalized plot of Vinj as a 
function of VI, where VI represents a nor­
malized output for any single LC network. 
Note that the output (VI) has a I inear rela­
tionship to Vinj up to approximately 50mV. 
Above this value, the function breaks into a 
curve, then flattens out, indicating that the 
detector is in a switching mode. 

Figures 8-25 and 8-26 demonstrate the de­
tector operation in the linear (low injection) 
mode and the switching (high injection) 
mode. Note that in the linear mode, a greater 
portion of the S curve is linear, thus pro­
ducing lower distortion than in the switch­
ing mode. For best operation, the low injec­
tion mode is recommended where Vini is set 

as high as possible. The optimum injection 
value is 60mVrms. 

TYPICAL PHASE SHIFT NETWORKS 

L 
L 
L 
CA 
CB 
A, 

C2 .O"FdJ 

INDUCTANCE 
NOMINAL a (UNLOADED) 
DC RESISTANCE 

9 '2 

COMPONENT VALUE 
TV 4.5 MHz FM 10.7 MHz 

7-14pH 1.5-3fJH 
50 50 

50!! 50!! 
3pF 4.7pF 

120pF 120pf 
20K 3.0K 

NElWORKQ 30 20 

Figure 8-24 

FM TRANSFER CHARACTERISTICS 
LOW Vii OPERATION 

Vij< 70l1lVrms 
Fo < 10MHza 
Vout.: VFf+a2: .t 

M 1---l---l-+-r~V"",F -"=+-1----1 

-... ~ 

Figure 8-25 

FM TRANSFER CHARACTERISTICS 
HIGH Vij OPERATION 

Vij>?J~'".vrms 1 tT Fo<10MH~ 
Vout= VF ARCTAN (a) +----vF 

. -I- ? p-, 
/ , 

W --. ,,-
0 

/J VOlit "Voitallll Deviation 

VF .. dd:out=~~rsion , 
V I· ,-0 

!"'-""'" 
,F - , .=~Qf;m~F~~ 

2 

_ Ve~T 

Flgul'l! 8-26 

9!!)DOtiC9 

Consumer Circuits 

Introduction 
The phase locked loop (PLU has been used 
for many years in consumer equipment. 
Due to the nature of FM STEREO MUL TI­
PLEX SYSTEMS, where prime importance 
is the channel separation, discrete systems 
lacked the tracking ability over wide tem­
perature and voltage ranges to be done 
economically. 

The development of the monolithic PLL and 
improvements in IC processing has made 
the Phase Locked Loop FM Stereo Multi­
plexer Decoder a reality. 

Major Advantages 
The economic advantages in using the PLL 
multiplex decoding system are not only cost 
reduction, by eliminating peripheral com­
ponents, but the man hour cost reduction by 
eliminating turning coils, thereby eliminat­
ing tedious alignment procedures. 

The cost advantages are extremely sign if­
cant and are in addition to the following: 

• 45 dB Channel Separation 
• Automatic Stereo/Mono Switching 
• Stereo Indicator Lamp Driver With Cur­

rent Limiting 
• High Impedance Input-Low Impedance 

Outputs 
• 70dB SCA Rejection (Subsidiary Carrier 

Authorization) 
• One Adjustment for Complete Alignment 
• 10V to 16V Supply Voltage Range 

FM Stereo Multiplex Subcarrier 
and Pilot 
The two (2) basic signals differentiating an 
FM stereo multiplex signal from an FM 
monaural Signal are the 19kHz pilot and the 
38kHz subcarrier. The frequency and phase 
relationship of these signals is well defined. 

Earlier systems had to reconstruct the 
38kHz subcarrier by using the 19kHz pilot. 
This system required frequency multipliers 
and selective filters (coils>' Since maximum 
channel separation is directly related to 
proper phaSing, alignment procedures were 
extremely critical and therefore expensive. 
In addition, long term stability and per­
formance were degraded due to component 
aging, and temperature. 

Use of the PLL as the multiplex decoder 
eliminated these short comings since the 
phase accuracy of the 38kHz signal is limit­
ed only by the loop gain of the system and 
the free running oscillator stability. Both of 
these parameters are easily controlled, pro­
viding easy, rapid adjustment and excellent 
long term stability. 
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AMPLIFIER 
OUTPUT 

SWITCH FILTER 

BLOCK DIAGRAM 

v' OSCILLATOR RC NETWORK 

RIGHT 
t---t'-- CHANNEL 

____________ ..J 

General Description 
The IlA758 is a monolithic Phase Locked 
Loop FM Stereo Multiplex decoder using 
the 16-LEAD Dip AA Package. This integrat­
ed circuit decodes an FM Stereo Multiplex 
Signal into Right and Left audio channels 
while inherently suppressing SCA informa­
tion when it is contained in the composite 
input signal. Internal functions include au­
tomatic mono-stereo mode switching and 
drive for an external lamp to indicate stereo 
mode operation. 

The IlA758 operates over a wide supply 
voltage range and uses a low number of 
external components. It has only one con­
trol to adjust a potentiometer to set oscilla­
tor frequency. No external coils are re­
quired. The IlA758 is suitable for all 
line-operated and automotive FM Stereo 
Receivers. 

770 

Figure 8-27 

Referencing Figure 8-27 
The upper row of blocks comprises the PLL 
which regenerates the 38kHz subcarrier, 
necessary for multiplex signal demodula­
tion. The basic 76kHz generator is voltage 
controlled, and is divided by 2 to insure a 
50% duty cycle 38kHz internally generated 
signal. This symmetry is necessary for max­
imum left/right channel separation and SCA 
rejection (band centered at 67kHz). Dividing 
the 38kHz by 2 generates the 19kHz signal 
necessary to lock on to the incoming pilot 
signal. A second 19kHz signal is generated 
which is in quadrature to the first internally 
generated 19kHz signal and in phase with 
the pilot. This second 19kHz is mixed in a 
quadrature (synchronous) phase detector to 
operate the stereo switch and lamp driver 
circuitry. 

When a stereo signal is present, the stereo 

SmDotiCS 

, 
RIGHT CHANNEL 
DE-EMPHASIS 

switch enables the stereo demodulator and 
when a stereo signal is not present the 
demodulator is disabled allowing the sys­
tem to reach optimum noise performance. 

Functional Operation 
To aid in understanding the system opera­
tion, the IlA758 equivalent circuit has been 
broken down into subsections as follows. 
Reference Figure 8-28. 

I Buffer Amplifier and Bias Supplies 
II Demodulator 
III Stereo Switch and Lamp Driver 
IV Voltage Controlled Oscillator 
V Frequency Dividers 
VI Pilot Phase and Amplitude Defectors 



Consumer Circuits 

stgnotics 771 



Consumer Circuits 

I Buffer Amplifier and Bias 
Supplies (Figure 8-29) 
The zener diode Z, and its associated tran­
sistors generate a 6V internal voltage refer­
ence source. From this 6V reference, addi­
tional bias levels are established via 
resistors R3, R4, and R5. In addition transis­
tor Q7 acts as the control source for several 
current mirrors; Q11 in the Buffer Amplifier, 
Q43 and Q44 in the Stereo Switch and Lamp 
Driver (III) and Q67 and Q73 in the Voltage 
Controlled Oscillator (IV). 

The input Buffer Amplifier (Q8, Q9) level 
shifts the composite. multiplex input signal 
to 2 levels each in phase with each other. 

Transistors QtO - Q13 amplify this same 
signal by the ratio of: 

This amplified signal, the gain of which is 
independent of supply voltage variation, is 
fed to the Pilot Phase and Amplitude Detec­
tors (VI). 

II Demodulator (Figure 8-30) 
The basic demodulator, Q25 - Q30, is a fully 
balanced detector similar to standard phase 
locked loop types. The addition of resistors 
R29, R30, and R31 introduces a small offset 
to allow a small multiplex signal in the 
collector of Q30. This signal compensates 
the cross talk components inherent to the 
synchronous switching demodulation proc­
ess. 

Switching to the left and right channels is 
accomplished through Q25 and Q26 when 
the 38kHz drive is present at their bases. 
This occurs when Q33 is "ON." When Q33 is 
off, a dc bias is placed at the bases of Q25 
and Q26 through resistors R32 and R33, this 
automatically converts the system to mono­
phonic operation. 

Supply voltage rejection is accomplished at 
the demodulator outputs by converting the 
audio to current supplies in Q23 and Q24. 
The voltage developed across pnp transis­
tors is 
V. ~ (V+ + Vmod) - (Vb. + VOl + [R22 iae] + Vmod) 

where Vb. ~ base-emitter voltage across 022 and 
023 

Vmod ~ modulation on the power line 

VOl ~ diode drop in D21 

(R22liae ~ voltage drop due to current in the de­
modulator 

Simplifying the above reduces to 

(Equation 8-16) 

v. ~ V+ - (Vb. + VOl + R22 iael 

The output voltage developed is 
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(Equation 8-17) 

Vou! ~ ( ~;1 ) Rex! 

where Rex! ~ ex.ternal resistor 

The output voltage at pins 4 and 5 are 
provided through 1.3k resistors driven by 
Emitter Followers 021 and 024. 

11/ Stereo Switch and Lamp Driver 
(Figure 8-31) 
The pilot amplitude detector differential 
voltage is sensed by the differential amplifi­
er 041 and 042. This pair in conjunction 
with their load resistors (R41, R42) control 
amplifiers 045, 046. Positive feedback ac­
tion is achieved through 047, R50, 050 and 
R46 (which turns off 044). 

The turn on threshold is the differential 
input voltage required to overcome the off­
set voltage in R43 times the current summa­
tion of IR44 and IR45. When the lamp is ON, 
044 is off and the differential voltage across 
R43 is reduced by the amount (lR45 x R43), 
which means a lower turn off voltage is 
required. This voltage difference is referred 
to as the switch hysteresis. 

Transistors 048 senses the current across 
R51 which therefore controls the maximum 
current in the Stereo Indicator Lamp. 

(Equation 8-18) 
I - Vb. Q48 
max - R151 

IV Voltage Controlled Oscillator 
(Figure 8-32) 
The basic oscillator 071 - 079 is an RC 
relaxation type which generates a positive 
low duty cycle, 76kHz output. The frequen­
cy is established by equations 8-19 and 8-
20. 

The control voltage from the phase detector 
into the transconductance amplifier 061 -
069 converts the differential error to a bidi­
rectional single ended current drive to the 
oscillator. 

Voltage on the capaCitor is compared with 
the set voltages by the differential input 
stage 071, 072. This feeds 074, 075. The 
output of 075 drives a PNP inverter, 076, 
(whose action eliminates power supply 
modulation as described in the demodula­
tor section of this note), when these set 
limits are reached the direction of charge 
reverses. 
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STEREO SWITCH AND LAMP DRIVER 

V· ~------------------~------~----~ 

'6V ~----..---..., 

R41 

INPUT FROM 
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DETECTOR 

1_) 041 

R42 

042 

R43 

'O.7V -----t~---------C 

R47 
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R48 R49' 

t----I:047 

R50 
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CONTROL 
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INDICATOR 
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Figure 8-31 
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Lower set voltage is set by R79, R80, and the 
regulated 6V supply. The upper set voltage 
(VH) involves two (2) additional resistors R77 
and R78 and is established when 076 turns 
on 077. Both set levels are referenced to the 
regulated 6V supply and are therefore de­
pendent only on resistor ratios. (Proper 
design layout should also eliminate tem­
perature variations') 

Capacitor charging is through 078 and R8 
and discharging through the external fixed 
resistor. 

Equations 8-19 and 8-20 of Figure 8-33 are 
first order expressions for the change and 
discharge periods. 

079 supplies a positive output pulse neces­
sary to operate the 38kHz dividers. 

V Frequency Dividers 
(Figure 8-34) 
Transistors 091 through 094 form a simple 
divide-by-two circuit which converts the 
pulse output from the 76kHz oscillator to a 
38kHz square wave (reference 5), 

The divider changes state during the posi­
tive excursion of the input pulse supplied 
from the emitter of 079 in the oscillator. 
Initially, when the input is low, 091 and 092 
are OFF and we may arbitrarily assume 093 
is ON and 094 is OFF. 

As the potential on the input rises, 091 
starts conduction before 092 because the 
em itter of 091 is at a lower potential than the 
emitter of 092. (The emitter of 091 is con­
nected through R95 to the collector of 093 
which is in saturation, whereas the emitter 

38kHz OUTPUTS 
TO DEMODULATOR 

0° 1800 

Of. 092. is at the VBE(ON) potential of 093). 
Since 091 is ON, the current from both R92 
and R93 flows through the emitter of 091 
into R95. As this current increases, the 
rising voltage at the emitter of 091 turns 
094 ON which removes base drive to 093 
and turns it OFF, thus producing a change 
of state in the divider. Even though the 
relative potentials at the emitters of 091 and 
092 are now reversed, current continues to 
flow in 091 for the duration of the positive 
input because 092 is held OFF by 091. 
When the input returns to a low potential, 

091 turns OFF. The divider remains in its 
present state until driven by the next pOSi­
tive going input. 

Oppositely phased 38kHz outputs to the 
demodulator are taken from the collectors 
of 093 and 094. Transistors 095 and 096 
are used to drive the·two 38kHz dividers. 

The 38kHz Ouadrature Divider has an 
identical configuration to the 76kHz divider. 
A change of state occurs with each positive 
excursion of the 38kHz input signal from the 
emitter of 096 .. 

OSCILLATOR WAVEFORMS 

vS ---------------------------------------------------

SET 
VOLTAGES 

~lll-l· -12_---1.1 
Basic timing equations: 

t1 = RS1 C 1n Vv· - Vv L 
s- H 

VH 
t2=RC1n VL 

(Equation 8-19) 

(Equation 8-20) 

where Rand C are external components on Lead 15, R81 is onthechip,and VHandVLBre 
set voltages which are a fixed percentage of V •• the internally regulated 6 Volt supply. 

Figure 8-33 

FREQUENCY DIVIDERS 
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19kHz outputs to pilot amplitude and phase detectors. 
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The 38kHz In-Phase divider contains a bi­
stable pair, Q113 and Q114, steered by 
inputs into Q111 and Q112, (a 38kHz input 
from the collector of Q95, and 19kHz inputs 
from the bases of Q103 and Q104)' If the 
19kHz input to the base of Q111 is high 
when the 76kHz divider turns Q95 ON, Q111 
conducts and removes drive to Q114, 
changing the state of the bistable pair, Q113 
and Q114. The bistable remains in this state 
until the next 38kHz turn on of Q95 which, 
this time, turns Q112 ON, removes drive to 
Q113 and resets the bistable pair. The re­
sulting 19kHz output from Q113 and Q114 is 
at 90 degrees to the Quadrature Divider 
output with no ambiguity in phasing. 

Pilot Phase and 
Amplitude Detectors 
The pilot phase detector and pilot amplitude 
detector as shown in Figure 8-35 are syn­
chronous, balanced chopper types which 
develop differential output signals across 
external filters. Back-to-back NPN transis­
tor pairs are used for each switch to insure 
minimum drop regardless of signal polarity 
without reliance on inverse NPN beta char­
acteristics. 

The chopper transistors (Q121 through 
Q124), in the phase detector are driven from 
the 38kHz Quadrature Dividerthrough tran­
sistors Q125 and Q126. The input signal is 
supplied from lead 12 through resistors 
R125 and R126. A differential output is 
developed across the loop filter, comprised 
of resistors R123 and R124 and the external 
R-C network between leads 13 and 14. 

The pilot amplitude detector (Q131 through 
Q136), has an identical configuration to the 
phase detector. Since it operates with drive 
which is in phase with the pilot signal (90 
degrees from the drive to the phase detec­
tor), its output is proportional to the ampli­
tude of the pilot component of the multiplex 
signal. The differential output at leads 9 and 
10 is filtered by the external capacitor on 
these two leads. 

A reference 19kHz square wave signal is 
taken from the collector of drive transistor 
Q136 through resistor R137to lead 11.lt has 
the same phasing as the pilot contained in 
the multiplex input signal. 

STEREO PREAMPLIFIERS 
Introduction 
Stereo preamplifiers have come into greater 
and greater demand with the increased 
usage of tape recorders. With stereophonic 
recording systems, the need increased to 
have multiple devices in the same package 
to insure greater thermal tracking and pack­
ing density, without sacrificing perform­
ance. 
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PILOT PHASE AND AMPLITUDE DETECTORS 
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Figure 8-35 

TEST CIRCUIT 1 AND TYPICAL APPLICATION 
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STEREO 

INDICATOR 
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NOTE 

C5 
O.33JJ.F 

(TOP VIEW) 

Tolerance on resistors is ±5% and tolerance on capacitors is ±20% unless otherwise 
specified. 
Cl Tolerance = + , 00%, -20% 
C6 Tolerance = ±1% in test circuit and ±5% in typical application 
R3 Tolerance = ±1% 
R4 Tolerance = ±10% 
R1 and R2 Tolerances = ±1% in test circuit and ±5% in typical application. 
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TYPICAL PERFORMANCE CURVES FOR 758C 
(Test Circuit 1 unless Otherwise Specified) 

CHANNEL SEPARATION 
AS A FUNCTION OF 
AUDIO FREQUENCY 

IIII 
C(LEA[jl)~ V 

V 
hV 

11 
O.47~r 

~~~;~'C . 
TOTAL HARMONIC DISTORTION 

AS A FUNCTION OF 
INPUT LEVEL 

r--- ~·l~C 
c·, 
PILOT OFF 

I 

V 

/" 
/V 

....-V 

The NES42, LM381, LM382, LM387 all quali­
fy as low noise dual preamplifiers. The 
LM381 and LM382 are 14 pin dual in line 
devices, while the NES42 and LM387 are 8 
pin dual in line devices. 

All of the above devices have greater than 
100dB open loop gain and (1S-20) MHz gain 
bandwidth products. In selecting the proper 
"low noise" preamplifier several factors 
must be considered. 

Frequency shaping characteristic re­
quired. 

" Closed loop response with respect to a 
system reference level. 

III Response of the record/playback 
head. 

IV System distortion requirements. 
V Response of the tape used. 

The following will deal with items I, II, IV. 

When approaching the design criteria of 
Item 2, the deSigner should be concerned 
with the open loop device characteristics. 
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CHANNEL SEPARATION 
AS A FUNCTION OF 
OSCILLATOR FREE 

RUNNING FREQUENCY 
ERROR 

1--+-+-+--r/ " 

LAMP TURN ON AND TURN 
OFF SENSITIVITY AS A 

FUNCTION OF AMBIENT 
TEMPERATURE 

r- )'N 
I ~ 

........- ........rAMP ON 

/'" 

~FF 

I 

, . I 

These characteristcs will aid in determining 
the maximum boost available, knowing that 
a specific loop gain (open loop gain minus 
closed loop gain) will be necessary to keep 
the system distortion low and maintain the 
output impedance of the "low noise" pream­
plifier constant over the required operating 
frequency range. 

EQUALIZATION CRITERIA 
RIAA Equalization 
Recording music in the medium of plastic 
discs is similar to that of magnetic tape in 
that neither system exhibits a linear ampli­
tude vs frequency response. Compensation 
is therefore necessary with records as it was 
with tape. The standard equalization is 
known as the RIAA curve and is shown in 
Figure 8-36, with its corner or turn over 
frequencies. 

Many phono cartridges do not require 
preamplification. The ceramic and crystal 
types produce voltage larger than 100mV. 

SjgDotiGS 

CAPTURE RANGE AS A FUNCTION 
OF PILOT LEVEL 
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STANDARD RIAA EQUALIZATION 
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Figure 8-36 

Magnetic types, however, produce sma.II 
voltages in the neighborhood of SmV and 
require preamplification. 



RIAA standards call for a maximum record­
ing velocity of 21cm/sec for stereo discs. 
This worst case velocity describes a bound 
for the preamplifier gain because the input 
signal at this velocity is maximum. The 
maximum undistorted output voltage of the 
PA239 is 1.2S volts rms. This voltage divided 
by the output voltage of the cartridge at 
21cm/sec velocity defines the highest gain 
permissible without distortion. This maxi­
mum is assumed to be 40dB at 1 kHz for the 
following example. As seen from Figure 8-
36, the RIAA curve accounts for 20dB base 
boost from SOHz to SOOHz and 20dB of 
treble out from 2122Hz to 21 kHz. 

NAB TAPE EQUALIZATION 
Recording and playback characteristics of 
magnetic tape and record/playback heads 
are not flat but exhibit a loss at high frequen­
cies and a boost at lower frequencies. To 
obtain an overall flat frequency response 
and improved signal to noise ratio, the audio 
signals are equalized by boosting the higher 
frequencies in amplitude before recording. 
Playback amplifiers must exhibit bass boost 
to remove the effects of pre-emphasis for an 
overall flat response. 

Known as the NAB equalization curve, the 
standard deemphasis employs attenuation 
from the turnover frequency of SO Hz to the 
turnover frequency of 3180Hz for 71/2 Ips 
recording. The slower recording speed of 
3.7S Ips employs turnover frequencies of 
SOHz and 1326Hz. These curves are shown 
in Figure 8-37. A reference level of 800"V 
head sensitivity at 1 kHz is also used by the 
NAB. 

z 
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TAPE EQUALIZATION CURVES 
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TIME CONSTANTS 
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5 \ --3.75 IPS 

(32) 3 

TURN OVER FREQUENCY 
50Hz, 1326Hz \ 0 \ ,\ IME CONSTANTS ~ (52) 2 

~ 
II: 

5 

(42) 1 0 

5 

(32) 0 
10 

\ 31801-15 
25;<$ _ 

\, \ 
\ r\ 

\ 
100 1K 10K lOOK 

FREQUENCY (Hz) 

Figure 8-37 

STEREO PREAMPLIFICATION 
The voltage level appearing at the output of 
tape playback heads and some phono car-

tridges are too small to be useful without a 
large amount of low noise preamplification. 
In addition to providing low noise amplifica­
tion, the preamplifier should possess 
enough open loop gain so that the RIAA and 
NAB equalization curves can be produced 
in the feedback networks of the amplifier. 

The following paragraphs describe the 
characteristics and applications of the S42, 
LM381/382 and the PA239. These devices 
provide a matched pair of amplifiers which 
have been specifically designed to minimize 
amplifier noise and maximize signal to noise 
ratio. 

542 DEVICE DESCRIPTION 
The NES42 is a dual low noise amplifierwith 
104dB open loop gain produced by two 
stages of voltage gain followed by one stage 
of current gain. 

In the design of low noise devices special 
attention must be focused on the input 
stage. If differential topography is used, the 
stage should be designed so that one of the 
differential transisto.rs is turned off. This 
reduces the noise contribution by a factor of 
1.4 since only one transistor is producing 
noise. Current sources and mirrors cannot 
be used for biasing loads because active 
elements will contribute more noise. 

Implementing these observations, the first 
gain stage of the S42 is pictured with the 
complete schematic by Figure 8-38. 

Although the differential input configura­
tion degrades the noise performance slight­
ly, using differential inputs has the advan-
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tages of higher input impedance, allowing 
smaller capacitors and larger resistors to be 
used to achieve the RIAA and NAB curves. 

The second stage is a common-emitter 
amplifier (OS) with a current source load 
(06), The Darlington emitter-follower 03-
04 provides level shifting and current gain 
to the common-emitter stage (OS) arid the 
output current sink (07). The voltage gain of 
the second stage is approximately 2000 
making the total gain of the amplifier typi­
cally 160,000 in the differential input con­
figuration. 

The preamplifier is internally compensated 
with the pole-splitting capacitor, C1. This 
compensates to unity gain at 1SMHz. The 
compensation is adequate to preserve sta­
bility to a closed loop gain of 10. 

BIASING 
The non-inverting input has been internally 
biased from a 1.4 Volt internal voltage 
source. Following the zero differential rule 
of amplifiers, the output voltage will be set 
by the resistor feedback network (R4 and 
RS) of Figure 8-39. 

The base of 02 requires O.S"A bias current. 
Hence RS should pass S"A minimum for 
stability, for an output dc voltage of Vee 
the values of R4 and RS are: 2 

(Equation 8-19) 
2 VSE 

RS ="1O'i'B = 240K Max. 

(Equation 8-20> 

( Vee) R4- --
2.8 - 1 RS 

EQUIVALENT SCHEMATIC 

,-----
'R1 

D1 

21 

All resistor values' are in ohms 

Smnotics 

----I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 

_____ ...L ____ ~ 

Figure 8-38 

(4,5) 
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DC amplifier gain is defined by the ratio of 
R4 and R5. Open loop ac gain can be re­
gained by adding a shunt capacitor across 
R5. The low frequency 3dS corner is then 
defined by the capacitor-resistor break 
point. 

LM381/382 Device 
Description 
To achieve low noise performance, special 
consideration must be taken in the design of 
the input stage. First, the input should be 
capable of being operated single ended; 
since both transistors contribute noise in a 
differential stage degrading input noise by 
the factor $. 

Secondly, both the load and biasing ele­
ments must be resistive; since active com­
ponents would each contribute as much 
noise at the input device. 

The basic input stage, Figure 8-40, can 
operate as a differential or single ended 
amplifier. For optimum noise performance 
02 is turned OFF and feedback is brought to 
the emitter 01. 

In applications where noise is less critical, 
01 and 02 can be used in the differential 
configuration. This has the advantage of 
higher impedance at the feedback summing 
paint, allowing the use of larger resistors 
and smaller capacitors in the one control 
and equalization networks. 

The schematic diagram of Figure 8-40 is 
divided into the first and second voltage 
gain stages, the current gain stage, and the 
bias regulator. 

The second stage is a common-emitter 
amplifier (05) with a current source load 
(06). The Darlington emitter-follower 03-
04 provides level shifting and current gain 
to the common-emitter stage (05) and the 
output current sink (07l. The voltage gain of 
the second stage is approximately 2000. 
making the total gain of the amplifier typi­
cally 160,000 in the differential input 
configuration. 

The preamplifier is internally compensated 
with the pole-splitting capacitor, C1. This 
compensates to unity gain at 15MHz. The 
compensation is adequate to preserve sta­
bility to a closed loop gain of 10. Compensa­
tion for unity gain closure may be provided 
with the addition of an external capacitor in 
parallel with C1. 

Three basic compensation schemes are 
possible for this amplifier; first stage pole, 
second stage pole and pole-splitting. First 
stage compensation will cause an increase 
in high frequency noise because the first 
stage gain is reduced, allowing the second 
stage to contribute noise. Second stage 
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DIFFERENTIAL INPUT BIASING 
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All resistor values are in ohms 
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Figure 8-39 

LM381 SCHEMATIC DIAGRAM 
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Figure 8-40 

compensation causes poor slew rate (power 
bandwidth) because the capacitor must 
swing the full output voltage. Pole-splitting 
overcomes both these deficiencies and has 
the advantage that a small monolithic 
compensation capacitor can be used. 

The output stage is a Darlington emitter­
follower (08, 09) with an active current sink 
(07l. Transistor 010 provides short-circuit 

Si!lDDtiCS 

protection by limiting the output to 12mA. 

Biasing 

Figure 8-41 shows an ac equivalent circuit 
of the LM381. The non-inverting input, 01, 
is referenced to a voltage source two VBE 
above ground. The output quiescent paint is 
established by negative dc feedback 



Z2 

All resistor values are in ohms 

AC EQUIVALENT CIRCUIT 
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R3 

R1 
200K 

e1 
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Figure 8-41 

Vee 

SINGLE ENDED INPUT BIASING 

Z2 

All resistor values are in ohms 

RL 
200K 

Figure 8-42 
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R5 
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through external divider R4/R5 (Figure 8-
39). 

For bias stability, the current through R5 is 
made ten times the input current of 02 
(~.5ILA). Then, for the differential input, 
resistors R5 and R4 are: 

(Equation 8-21) 

2VeE 1.2 
R5 = 10 IQ2 = 5 X 106 = 240kIl MAX. 

(Equation 8-22) 

R4 =(VCC -1) R5 
2.4 

When using the Single ended input, 02 is 
turned OFF and dc feedback is brought to 
the emitter of 01 (Figure 8-41). The imped­
ance of the feedback summing point is now 
two orders of the magnitude lower than the 
base of Q2 (~ 10kn). 

Therefore, to preserve bias stability, the 
impedance ofthe feedback network must be 
decreased. In keeping with reasonable re­
sistance values, the impedance of the feed­
back voltage source can be 1/5 the sum­
ming point impedance. 

The feedback current is less than 100ILA 
worst case. Therefore, for Single ended 
input, resistors R5 and R4 are: 

(Equation 8-23) 

VeE 0.6 
R5 =--= -----= 1200IlMAX. 

5 IFB 5 X 104 

(Equation 8-24) 

R4=(VCC -1)R5 
1.2 

The circuits of Figures 8-39 and 8-42 have 
an ac and dc gain equal to the ratio R4/R5. 
To open the ac gain, capacitor C2 is used to 
shunt R5 (Figure 8-43), The ac gain now 
approaches open loop. The low frequency 
3dB corner, fo, is given by: 

(Equation 8-25) 
Ao . 

fo = 2rrC2R4 where: Ao open loop gam 

LM381 OPEN LOOP CONFIGURATION 

7.8 

R4 

R5 

Figure 8-43 
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NAB Tape Preamplifier 
Design of a preamplifier begins by deter­
mining the. gain and output signal ampli­
tudes in reference to the standard 800lN 
input signal level. For the following design 
example, we will use the 542. to achieve a 
100mV output level at 1 kHz following the 7-
1/2 Ips NAB equalization curve. The graph 
of Figure 8-37 has been calibrated both in 
absolute gain for this example and relative 
gain for general use. 

From the given parameters. the closed loop 
gain becomes 32dB at the highest frequen­
cy of interest. The NAB response is 
achieved by adding frequency selective ac 
feedback as depicted by Figure 8-44. Resis­
tors R4 and R5 select the dc gain as defined 
by Equations,s-19 and 8-20. Placing a value 
of 200K upon R5. Equation 8-20 yields a 
value of 680K ohms. 

NAB RESPONSE AMPLIFIER 
,2V 

'.5 

II 

All resistor values are in ohms 

Figure 8-44 

The lower corner frequency is determined 
next by the reactance of C4 and R4 such 
that: 

.159 
I, = C4 R4 

(Equation 8-26) 

Solving for C4 yields a value of .0047"fd. 

The upper corner frequency. f2. is similarly 
fixed by the reactance of C4 and R7. 

(Equation 8-27) 
.159 

12= C4 R7 

Then solving Equation 8-27 for R7 defines a 
value of 11 k ohms. 

Midband gain is now fixed by the relation­
ship. 

(Equation 8-28) 
A= RS+ R7 

RS 

Solving for the 1 kHz gain of 42dB using 11 k 
for R7 yields a value of 88 ohms for R6. The 
final calculation of the low frequency cut off 
of the preamp determines the size of C2. 

C2 = .159 
ICUTOFF RS 
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(Equation 8-29) 

Typical Applications 
In addition to the previous detailed design 
examples. the following general amplifier 
configurations (see Figures 8-45 through 8-
55) are presented. The choise of design and 
the device used is a function of the desired 
complicity and overall performance. 

II 

II 

FLAT RESPONSE TAPE 
AMPLIFIER 

7,B 

R4 

R3 R5 

Figure 8-45 

TWO-POLE FAST TURN-ON 
NAB TYPE PREAMP . 

12V 

120pF 

220K 22DK 

2K 2K 24K 

-: 

12pF r"F 
"::" 

Figure 8-46 

TYPICAL NAB RECORD PREAMPLIFIER 

All resistor values are in ohms 

Figure 8-47 

SjgDotiCS 

II 

TYPICAL TAPE PLAYBACK 
AMPLIFIER 

>4,::..5 __ --<i>---o.5Vrms 

2.2M 

62K 1500pF 

240K 180 

Figure 8-48 

TAPE PREAMPLIFIER 

Vee 

Figure 8-49 

TYPICAL NAB RECORD 
PREAMPLIFIER 

All resistor values in ohms 

Figure 8-50 
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TYPICAL RIAA PREAMPLIFIERS CASSETTE PREAMPLIFIER SINGLE CHANNEL 

12V 

lOOK 91K 
lS 

0:- 0:- 0:- r" 10K 
.005J,1 

All resistor values are in ohms 

Figure 8-51 

-600n resistor used as a 
termi~ator when using a 

voltage generator instead 

of the magnetic head. 

I 2.2 

.". (10HZ) 

Figure 8-52 

CASSETTE PREAMPLIFIER USING LM382 and NE532 

NOTE 

1. 1Okll.0033 CKT A 
2. 10kl139k + .0083 CKTB 
3. NE532 used as unity gain inverting amplifier for correlation only. 
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Figure 8-53 
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FREQ 

20 
40 
80 
100 

CAS.SETTE PREAMP USING LM387 

RL = 10K (O.22mVRMS) 
R L' = 6000 (0.1 mVRMS) 
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+12 

300n 680n 

+ 2.",* 

GAIN DB ¢deg GAIN dB ¢deg 
RL • 10K RL = 600 
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Figure 8-54 
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CONSTANT FLUX RESPONSE 
Equalization criteria discussed earlier has 
made reference to RIAA Equalization for 
plastic discs (records) and for NAB Equali­
zation for magnetic tapes. The NAB charac­
terization should be carried further to dis­
cuss the Constant Flux Response. 

The earlier discussion encompassed the 
voltage gain (in dB) vs frequency response 
of NAB amplifiers. In this section we will 
deal with the Constant Flux Response. 

NAB CONSTANT FLUX RESPONSE 
FOR IDEAL REPRODUCE AMPLIFIER 

Consumer Circuits 

17f81PS 

The Constant Flux Response accounts for 
the frequency characteristics of the record/ 
playback heads of the tape (or cassette) 
machine employed and the effects of tape 
speed on Standard NAB Constant Flux Re­
sponse. 

-20dsf-----I------I--------I---l 

Figure B-56 indicates the circuitry for using 
two (2) IC's for a NAB response amplifier. 
Specific care should be taken to terminate 
the inputonfywhen using a voltmeter. When 
using the magnetic head, the terminating 
resistor should be removed. 

Frequency Response Frequency 

20Hz -B.6dB 1.5kHz 
25 7.0 2 
30 5.B 2.5 
40 4.1 3 
50 3.0 4 
60 2.3 5 
70 1.B 6 
75 1.6 7 
BO 1.4 7.5 
90 1.2 8 

100 1.0 9 
150 0.45 10 
200 0.2 11 
250 0.1 12 
300 -0.1 13 
400 ±O 14 
500 +0.1 15 
600 0.1 16 
700 0.2 17 
750 0.2 18 
800 0.2 19 
900 0.3 20 

1kHz +0.4dB 

NOTES 

Response 

+0.9dB 
1.45 
2.1 
2.75 
4.1 
5.4 
6.6 
7.7 
B.2 
8.6 
9.5 

10.35 
11.1 
11.8 
12.5 
13.1 
13.6 
14.2 
14.7 
15.2 
15.6 

+16.1 

Reproducer amplifier output for a constant flux in the core of an ideal reproducing head. 

NAB Standard reproducing characteristics for 1 718 and 3 3/4 ips tape speeds. 

Table 8·2 

20 100 1000 10000 20000 
FREQUENCY IN CYCLES PER SECOND 

Figure 8-56 

Frequency Response Frequency Response 

20Hz -8.8dB 1.5kHz +2.2dB 
25 7.2 2 3.4 
30 5.9 2.5 4.6 
40 4.2 3 5.7 
50 3.2 4 7.7 
60 2.4 5 9.4 
70 1.9 6 10.8 
75 1.7 7 12.1 
80 1.6 7.5 12.6 
90 1.3 8 13.2 
100 1.1 9 14.15 
150 0.6 10 15.0 
200 0.4 11 15.8 
250 0.2 12 16.6 
300 0.15 13 17.2 
400 ±O 14 17.9 
500 +0.1 15 18.5 
600 0.3 16 19.0 
700 0.5 17 19.6 
750 0.55 18 20.0 
800 0.6 19 20.5 
900 0.8 20 +21.0 

1kHz +1.0dB 

NOTES 
Reproducer amplifier output for a constant flux in the core of an ideal reproducing head. 

NAB Standard reproducing characteristic for 7 1/2 and 1S-ips tape speeds. 

Table 8-3 
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NAB Standards 
According to the NAB Standard, an ideal 
magnetic reproducing system consists of 
an ideal reproducing head, lossless mag­
netic ring, head gaps are short and straight, 
long wave length flux paths so controlled 
that no low frequency contours are present 
and head material losses are negligible. The 
system employs a reproducing amplifier 
whose voltage conforms to the frequency 
response of Fig. 8-55 with a constant flux vs 
frequency in the head core. Because of 
several reasons, the flux in the core of an 
ideal head is not necessarily the same as the 
surface flux on the tape. Since most of the 
'above effects are not easily measured, the 
NAB Standard is based on an ideal head­
core flux, rather than surface induction. 

The voltage vs frequency curve is to be 
uniform with frequency except where modi­
fied by the equalization time constants T1 & 
T2. The curve expressed in decibels is: 

(Equation 8-30) 

1 + (WT2)2 
NdB = 20 log10 WT1* 

1 + (WT1)2 

where W = 271" I, with 1 in Hz. 

T1 & T2 are time constants given below: 

Tape Speed T1 T2 
15 ips" 3180j.<sec 50 - j.<sec 

7.5 ips 3180j.<sec 50 - j.<sec 

3.75 ips 3180j.<sec 90 - j.<sec 

1.875 ips 3180j.<sec 90 - j.<sec 

Head Gap Losses: 
The approximate head-gap losses vs fre­
quency may be calculated using the expres­
sion: 

(Equation 8-31) 

Gap loss = -20 Logl0 Sin (180· d/A) 
rrd/A 

where, 

d = the null wavelength, 
A = the wavelength 01 the frequency, at which the 
gap is calculated. 

Null wavelength is determined by finding 
the recorded wavelength at which the 
reproducing-head output voltage reaches a 
distinct minimum of at least 20dB below 
maximum output. This measurement may 
be made using speeds of one-half and one­
quarter the normal speed, using a tuned­
voltmeter with no greater than one-third 
octave bandwidth. To reach Ii 20-dB null, 
the head gap edges must be sharp, straight, 
and parallel. 

NOTES 

'WTis: 
w = Omega 
'T = Tau 

.... ips = inches per second 
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NOTE 

CASSETTE PREAMP LM387-1458 
CONSTANT FLUX RESPONSE 

-20 f---+-----+---~ ..... '"'7'I 

i---'"+------+Refer to schematic 
of Figure 19 

2Of-~-+~'~L~EF~T~CH~AN=N~EL-+~C=O=NS=TA~N=TF~L=U'+-~ 
• RIGHT CHANNEL RESPONSE 

2(1 100 100(10 20000 

0 

'" 

FREQUENCY IN CYCLES PER SECOND 

Figure 8-57 

TAPE PREAMP LM387 
CONSTANT FLUX RESPONSE 

~ V 
~ ... , 

O~? 
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/ 
REF LEVEL 
-10dBM 
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20 "0 "00 1000020000 
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Refer to schematic of 
Figure 13 

Figure 8-58 

CASSETTE PREAMP LM382 & LM387 (NAB) 
CONSTANT FLUX RESPONSE 

." 

0 

20 

NOTE 

Refer to schematic of 
Figure 14 & 15 
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Figure 8-59 



FILTER 
BANDWIDTH 

CASSETTE PREAMPS COMPARATIVE 
CONSTANT FLUX RESPONSE 

NOTE 

." 

LM387·BCI dB·PREAMP 

lM387·14580 PREAMP 

CONSTANT FLUX 
RESPONSE 

20 100 1000 10000 20000 
FREQUENCY IN CYCLES PER SECOND 

Figure 8-60 

1Vrms 2Vrms 

THO 

f(Hz) fL(HZ) fH(HZ) 
Left Right Left Right 
% % % % 

500 400 2500 .28 .28 .29 .27 

1k 900 4k .28 .26 .32 .28 
10k 9900 40k 1.3 1.4 .68 .7 

Test Conditions: Vee = 12V 

ST1700A THO Analyser oscillator signal coupled to reproduce head through constant 
flux loop. Output signal fed back to ST1700 through Kronhite 3203 filter. 

Freq 
(Hz) 

20 
40 
80 
100 
200 
400 

Table 8-4 CASSETTE PREAMP 'THO' 
MEASUREMENTS WITH REPRO HEAD 

Output 

Left Right 
dBM dBM 

-35 
-27.5 -26 
-18 -18 
-16 -16 
-12 -12 
-10 -10.5 

THO + NOISE 

No 
Pre-filter 

Signal 
1Vrms 

2.5% 

2.5% 

2.4% 

800 -8 -8 "0" dB reference level 
1k -7 -7 
2k -2.5 -2.2 
4k +2 +3.2 
8k +8 +9 
10k +9.5 +10.8 
12k +11.2 +11.8 
14k +12 +12.3 
16k +12.6 +12.5 
20k +13 +13 

Test Conditions: 

HP651A Test Oscillator6000hm output coupled through constant flux loop to reproduce 
head. Output recorded from preamp across 10k load ae. V.M. 

@-10dBm 

Table 8-5 CASSETTE PREAMP CONSTANT FLUX RESPONSE 

SmootiCS 
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125jNrms 2451'Vrms 
(-76dBm) (-70dBm) 

input input 

Freq. Hz Left Right Left Right 
% % % % 

100 .37 .5 .47 .7 
500 .35 .35 .19 .23 
1k .42 .43 .22 .23 
5k .54 .54 .26 .28 
10k .73 .75 .37 .38 

Figure 8-63 

Test Conditions: 

Preamp input terminated in 600n. Signal fed from 

ST1700A Analyser to input. 

THO measured at output across 10k!} load. 

Table 8-6 'THO' MEASUREMENT 

INTEGRATED CIRCUITS FOR 
CITIZENS BAND TRANSCEIVERS 
Introduction 
Recent advancements in integrated circuits 
have made it possible to greatly simplify the 
design of citizens band transceivers. A com­
plete multi-channel radio can be built using 
integrated circuits for all the required func­
tions with the exception of the RF power 
output stage. A simplified block diagram of 
such a transceiver is shown in Figure 8-64. 

This applications report will further de­
scribe a typical version of such a transceiver 
using several newly developed integrated 
circuits. 

The growing popularity of CB radio is mak­
ing it necessary to improve the performance 
characteristics of the CB receiver. The 
crowded channel and noise problems inher­
ent in this type of communication system 
demand high performance system design. A 
dual conversion receiver is desirable to aid 
in meeting this goal. 

RF AMPLIFIER/1ST MIXER 
The RF amplifier and 1st mixer used in this 
radio are implemented using an 8D6000. 
The 8D6000 is a dual enhancement mode 
M08FET integrated RF amplifier/mixer in­
tended for use up to 150MHz. The advan­
tages of using M08FETs in receiver "front 
end" designs have been realized for several 
years by manufacturers of FM and television 
tuners. Using a linear device such as a 
M08FET, it is possible to achieve improve­
ments in cross-modulation, inter­
modulation distortion and in general a 
much wider dynamic range than possible 
using conventional bipolar transistors. 
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INTEGRATED CIRCUIT CITIZENS BAND TRANSCEIVER 

TCA440 
506000 r-------------------------------------, ,-,;;";;;------7s-;----1 

I I 
1ST IF 

I I 
L--rl-; ~~I-r~ 

FREQUENCY 
SYNTHESIZER 

NE575 

MIC. PREAMP 
COMPRESSOR 

L ___________________ _ 

Figure 8-64 

AGe AMP. 

.C. 
VOLUME 
CONTROL 
1/2NE571 

2ND IF 

_____ J 

SIGNAL STRENGTH 
OUTPUT 

The S06000is ideally suited for this applica­
tion for several reasons. The RF section is 
essentially a low nOise, high gain dual gate 
MOSFET. The relatively high input imped­
ance of this device makes it convenient to 
use high Q tuned circuits which reduce the 
possibility of out of· band spurious re­
sponses. The AGC range of the RF amplifier 
is greater than 50dB at 27MHz and because 
of the low parasitic capacitances associated 
with this device there is no skewing of the 
center frequency of the tuned circuits as a 
function of AGC voltages. The RF amplifier 
input circuit can be roughly approximated 
as shown below in Figure 8-65. 

RF AMPLIFIER INPUT CIRCUIT 

L 1 consists of 24 turns of #32 wire tapped 4 
turns from the ground side on a Micro­
Metals T44-10 core. This gives an induct­
ance of 1.6/Lh (Xc = 2700 @ 27MHz) and an 
unloaded Q of 150. 

The input circuit can be further simplified as 
shown in Figure 8-66. 

INPUT CIRCUIT SIMPLIFIED 

Rp 

Figure 8-66 
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.-- S06000 
I RF IN 

I 
I 

l 

50 (:: ') 
au CT ,,~ i -~·~n .. ' XL 

* 
l ":" 0:-

I 
I 
I 

INPUT I 
liN = son I 

Figure 8-65 I 

Cp is made up of the O-MOS input, and a 
fixed parallel capacitor. The required Cp is 
given by 1 

Cp =W2l 

Cp at 27MHz is therefore equal to 22pf. A 
portion of Cp is made tunable in this design. 
This would not be necessary in a design 
using a slug tuned inductor. It should be 
noted that the position of the tap is such that 
the reflected antenna impedance does not 
match the RF amplifier input impedance. 
This was done intentionally to improve the 
large signal (2Vrms) handling capability of 
this receiver. The MOS front end has suffi­
cient gain to compensate for this loss. 

SmlotiGS 

The bandwidth of the RF input circuit can be 
found knowing the total parallel resistance 
(Rp) and parallel capacitance 

1 
BW -3dB = 2".RC 

At 27MHz the RF input bandwidth is approx­
imately 4MHz. In a more optimum design 
this could be made narrower by tapping the 
input coil closer to ground. 

The design of the RF output circuit is very 
similar to that of the input. The only differ­
ence is a different value of fixed capacitance 
to take into account the RF amplifier output 
and mixer input capacitance. 



Dual gate Signetics O-MOS transistors are 
exceptionally stable RF devices because of 
their low feedback capacitance (typically 
.02pfl. This makes it possible to achieve 
high gain without the need for neutraliza­
tion. Low feedback is also the reason for a 
wide dynamic AGe range. 

The second dual gate MOSFET is the 
S06000 which is designed for mixer appli­
cations. It is a relatively large geometry 
device with a wide square law region. This 
design overcomes the bias problems inher­
ent in most MOSFETs when used as mixers. 
In other MOSFETs biasing in the square law 
region is only possible over a narrow range 
of drain current. In the S06000 mixer the 
conversion gain is essentially constantfrom 
5 to 1 OmA drain current thus simplifying the 
bias circuit design. 

The 1 st oscillator is injected into gate 2 and 
the RF signal into gate 1. Injecting the 
oscillator into gate 2 provides the highest 
isolation between the oscillator and RF 
input. This isolation is important to prevent 
radiation of the oscillator signal through the 
receiver antenna. 

The mixer is biased to operate in the most 
linear portion of the forward transconduct­
ance curves. Figures 8-67 and 8-68 show the 
transconductance curves for the S06000 
are linear in a relatively wide operating 
region. Non-linearities in these curves indi­
cate that third order (and higher) terms 
would be present if the device was biased in 
these regions. These higher order terms 
contribute only to undesired responses. As 
the transconductance curves become line­
ar, the higher order terms disappear and 
conversion gain increases. Figure 8-67 
shows that the gate 1 transconductance 
curves is almost a straight line for gate 2 bias 
voltage between 2.0 and 6.0 volts. Figure 8-
68 shows a linear region for gate 2 transcon­
ductance with gate 1 bias from 2.5 to 3.5 
volts. 

~20.-~~~u.-r--.~~~~~ 
~ 
§'18 
w 
~ 16~-4--~--+--4~~~~-4 .. g 14~-4--~--+-~~~~~-4 
~ 12~-+--+-~.A~-r~ 
" ~ 10·~-4~~-.~~~~ __ +-~ .. 
~ .~-4--~~~~~~~+-~ 
z 
~ .r--i--1rt7~~f-~~~~ c 
o ,.. 
w 
~ 
'f 
i GATE 2 - SOURCE (VOLTS) 

Figure 8-67 
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Figure 8-68 

By definition the transconductance, gm is 
the partial derivative of drain current, id, 
with respect to the input voltage es. The total 
drain current of the mixer can be expressed 
by 

id = gml Vgl + gm2 Vg2 

where gml = transconductance gate 1 to drain. 
gm2 = tranconductance gate 2 to drain. 

From Figure 8-67 the gate 1 tranconduct­
ance, gml can be expressed as: 

gml = -17.B + 8.2 (Vg2 + Vg2) (mmhos) 

for Vg2 = 2V to BV 

From Figure 8-68 we .get the following ex­
pression for gm2 

gm2 = -23.7 + 10.2 (Vgl + Vgl) (mmhos) 

for Vgl = 2.5V to 3.5V 

If the dc bias pOints are chosen, for example 
Vg l = 3.5 and V g2 = 3.5, the following expres­
sions are derived from gml and gm2 using 
the previous equations 

gml = 11.1 + 8.2 Vg2 (mmhos) 

gm2 = 8.9 + 10.2 Vgl (mmhos) 

Substituting these equations into the ex­
pression for the total drain current, id, we 
get 

id = 11.1 Vgl + 8.9 Vg2 + 18.4 Vgl Vg2 

The last term in this equation is the one that 
will contain the IF frequency we desire. If we 
let Vgl and Vg2 equal a sinusoidal voltage, 
Vgl is the input signal voltage and Vg2 is the 
local oscillator, we obtain 

Vgl = Es sin WLO + rust 

Vg2 = ELO sin wLOt 

Substituting Vgl and Vg2 into the equation 
for id gives 

id = 18.4 Es ELO 1/2 cos (ruLO +..,)1+ 1/2 cos 
(wLO- ws)t 

The (wLO - ws) term is the 10.7MHz IF we 

!ii!lDotiC!i 
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want. Dividing both sides of the equation by 
Es we obtain 

id Eo = gmc = 9.2 ELO (peak) 

= 13 ELO (rms) mmhos 

This exercise shows that relatively high 
conversion gains can be achieved using the 
S06000. It can be seen that the conversion 
transconductance will also be a function of 
the local oscillator level. 

In actual practice, good performance can be 
achieved with both gates biased at the same 
dc voltage. The bias voltage is chosen to 
give a drain current of 5 to 10mA. 

For bias stability, some form of dc feedback 
should be incorporated to reduce the drain 
current variations that would occur in pro­
duction where variations in the device 
threshold voltages will be encountered. In 
the S06000, the mixer and RF amplifier 
substrates and RF amplifier source are con­
nected internally so precautions must be 
taken to assure that the RF ampl ifier source 
voltage is less than or equal to the mixer 
source voltage. In this design the RF ampli­
fier source is grounded so it can never be 
positive with respect to the mixer source. 
Figure 8-69 shows a simplified bias circuit of 
the RF amplifier. 

RF AMPLIFIER SIMPLIFIED 
BIAS CIRCUIT 

'v 

R3 

.... L-
,.. 

R1 ~a 
::>!O ,..u 

AGe VOLTAGE 
G2 D 

G1 ~UB 
R2i 

Figure 8-69 

This bias circuit provides dc feedback with­
out using a source resistor. R3 is made large 
enough so that there is a significant voltage 
drop across it with normal operating drain 
current (1 0-15mAl. This voltage drop means 
a lower drain to source voltage (Vosl. A 
lower Vos does not affect the RF amplifier 
gain since the transconductance is constant 
with Vos from 5 to 20 volts. If variations in 
threshold voltage were to cause a higher 
drain current, the voltage drop across R3 
would increase thereby decreasing the gate 
1 voltage derived from Rl and R2. This 
decreased gate 1 voltage tends to decrease 
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the drain current and will result in a stable 
operating point. 

The mixer is biased using the same tech­
nique with the addition of a bypassed 
source resistor to provide even greater sta­
bility. 

The mixer. output is coupled through a 
10.7MHz IF transformer to a 10.7MHz crys­
tal filter. The output of the filter is terminat­
ed with a 2.2k resistor in parallel with the 
TCA440 input (2K15pfl. 

1st IF/2nd Mixer/2n IF 
A block diagram of the TCA440 is shown in 
Figure 8-70. . 

This integrated circuit is intended for AM 
receivers up to 50MHz. It has several fea­
tures making it well suited for citizens band 
receiver applications. The RF stage (in this 
case the 1 st IF) is a differential amplifier with 
an AGC control range of approximately 
38dB. Its output is internally coupled to a 
mulitplicative push-pull mixer (balanced), 
This mixer produces few harmonics and 
provides suppression of the RF and oscilla­
tor frequencies. The internal oscillator fre­
quency is fixed at 10.245MHz by a parallel 
resonant ·crystal. This gives a mixer output 
frequency of 455kHz for the 2nd IF. 

The mixer output is filtered by a single tuned 
IF transformer, ceramic filter, and a second 
single tuned transformer arid applied to the 
4 stage 2nd IF amplifier in the TCA440. This 
2ndiF has an AGC control range of 62dB. 
The two independent AGC control loops in 
the TCA440 provide a very wide operating 
dynamic range (1 OOdS)' Although a 455kHz 
2nd IF frequency is used in this design, the 
TCA440 IF stages will operate from 0 to 
2MHz. 

Audio Processing 
The circuit shown in Figure8-71 shows how 
the NE571 may be used as a dc volume 
control. The frequency response of the 
circuit is approximately 300Hz to 3kHz and 
the dynamic control range is greater than 
60dS. Figure 8-72 shows the dc control volt­
age vs gain. 

The output of the NE571 dc volume control 
drives a TBA810S audio power amplifier. 
The TSA810 provides a 6 watt (@ 14.4V 40) 
output with low harmonic and cross-over 
distortion, In addition, the circuit has a 
thermal limiting circuit which simplifies the 
heat sink design. 

Frequency Synthesizer 
The purpose of the frequency synthesizer is 
to provide the necessary signals to drivethe 
receiver's first mixer, second mixer, and 
transmitter power amplifier. In 840 channel, 
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Figure 8-71 

dual conversion CS transceiver, it is neces­
sary to generate 81 discrete frequencies. Sy 
using phase locked loop frequency synthe­
sis, this can be accomplished using only 
one crystal. 

The SM5104/5/7/9 is a "first generation" C­
MOS integrated circuit synthesizer. A block 
diagram of theSM5104 isshown in Figure8-
73. 

This circuit operates from a single power 
supply using low power CMOS technology. 
It contains a reference oscillator, a 28 or 29 
divider chain, a binary input programmable 
divider, and phase detector circuits. 

There are several ways this circuit can be 
used in the transceivers. The methods de­
scribed here will be limited to dual conver­
sion systems using 10.695MHz 1st IF and 
455kHz 2nd IF. These frequencies were 
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chosen because low cost filters are readily 
available. A simplified block diagram of a 
CB transceiver is shown in Figure 8-74. 

The basic frequency synthesizer using a 
PLL is shown in Figure 8-74. 

In this circuit, the output frequency is an 
integer multiple of the reference frequency. 
(fout = N fret). This is the simplest form the 
loop can assume but in most cases, not the 
most practical. The major problem with this 
type of PLL is that the programmable coun­
ters must operate atthe output frequency (in 
the CB case, up to 27MHzl. There are sever­
al commonly used methods to lower the 
frequency into the programmable counter. 

Frequency synthesis by prescaling is shown 
in Figure 8-76. 

In this system, the frequency into the pro­
grammable counter is lowered by a factor of 
P. The disadvantage of this system is that 
the reference frequency must also be pres­
caled by the factor P. This lowers the "effec­
tive" reference frequency and slows the 
loop response. 

Frequency synthesis by 2 modulus prescal­
ing solves the problem of high program­
mable divider frequency and slow loop re­
sponse but requires more complex logic in 
addition to a high frequency 2 modulus 
divider. The cost of this system is slightly 
greater than that of Figure 8-76 but the 
performance is equal to that of Figure 8-75. 
A block diagram of this system is shown in 
Figure 8-77. 

The most common synthesizer configura­
tion used in CB transceivers is prescaling by 
mixing down. This method is shown below 
in Figure 8-78. 

This system offers the optimum perform­
ance but requires a second stable fre­
quency source for mixing down. This sys­
tem can be easily implemented using the 
SM5104. The system block diagram is 
shown in Figure 8-79. 

This is a practical circuit configuration but 
has several minor disadvantages. The major 
problems are that it requires four external 
active tuned circuits, the x3 multiplier, offset 
mixer, transmit offset oscillator and mixer. It 
also requires the use of 2 crystals. Despite 
these drawbacks, this general configuration 
is widely used in currently available CB 
transceivers. 

With the introduction of "second genera­
tion" synthesizers such as the NE575, many 
of the previously described shortcomings 
are resolved. The NE575 will generate the 
required frequencies for a dual or Single 
conversion CB transceiver using only one 
crystal. Figure 8-80 shows the functional 
block diagram of the NE575. 

Consumer Circuits 
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SYNTHESIS BY 2 MODULUS 
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Figure 8-77 
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Audio Compressor 
The purpose of the transmit audio com­
pressor is to amplify the signal from the 
microphone to the level required to drive the 
modulator. It also provides an automatiC 
level control (ALC) circuit. The ALC circuit 
has a transfer function which makes its 
output voltage constant with a wide range of 
input levels. It is generally desirable to have 
an audio compressor which provides an 
output level which drives the modulator to 
close to 100% modulation with very low 
input levels and does not exceed 100% with 
large inputs. 

There are two major overmodulation prob­
lems that show up in many CB transceivers 
currently available. One is the audio com­
pressor's ability to handle a wide dynamic 
range of microphone input levels. The cur­
rent popularity of "power mics" makes it 
necessary for the compressor to limit the 
modulation index to less than 100% with 
very large inputs. The second overmodula­
tion problem that may arise relates to the 
audio compressor's attach time. Active 
compressor circuits take a finite time to 
respond to a sudden change in input level. 

The NE571 provides an economical solution 
to the above mentioned problems. Figure 8-
81 shows how this ALe circuit may be im-
plemented. . 

The gain of this circuit is 

K 
R1 R218 

2R3 VIN (AVG) where 13 = 140!tA 

and~=_rr_ 
VIN (AVG) 2.J2 

for sine waves 

Rx is included to .Iimit the maximum gain of 
the compressor. This is to prevent high 
modulation levels at very low input levels 
(such as background noise). The maximum 
gain 

R1 + Rx x R2 x Ie 
Kmax = _-'1.;.:.8'--__ _ 

2R3 

The output voltage may be set to the desired 
level 

. R1 R2 Ie VIN 
Vout=2RJ VIN(AVG) 

The other important design equations for 
this circuit are: 

ALC time constant (r =R1 x CRect) 

II Distortion =.::!E!... x 1 KHz x 2% 
CRoct freq 

r: RdC1 + Rdc21 
III Vout (de) = ~ + R4. J 1.8V 
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Transmit RF 
Development work is currently taking place 
to try and solve some of the typical prob­
lems encountered in the RF section of CB 
transceivers. The major emphasis is to­
wards reducing the cost of the output cir­
cuitry (elimination of the modulation trans­
former) and reduce spurious outputs. 

The transmit oscillator signal, generated by 
the PLL, will drive a low level FET modula­
tor. The modulator output then drives a 
linear RF power amplifier. The RF power 
amplifier will be implemented using a power 
D-MOS FET. The advantages of a MOSFET 
power amplifier are high transconductance, 
no thermal run-away, no second break­
down, and reduction in harmonic output. 

Detailed information on this section of the 
CB transceiver will be made available as 
soon as the development work is complet­
ed. 
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INTRODUCTION 
Much interest has been expressed in high 
performance electronic gain control cir­
cuits. For non-critical applications, an inte­
grated circuit operational transconduct­
ance amplifier can be used, but when high 
performance is required, one has to resort 
to complex discrete circuitry with many 
expensive, well matched components. This 
paper describes a new integrated circuit, 
the NE570 Companc;lor, which offers a pair 
of high perform&nce gain control circuits 
featuring low distortion «.1%), high signal 
to noise ratio (SOdS), and wide dynamic 
range (110dBJ. 

CIRCUIT BACKGROUND 
The NE570 Compandor was specifically 
designed to satisfy the requirements of the 
telephone system. When several telephone 
channels are multiplexed onto a' common 
line, the resulting signal to noise ratio is 
poor and companding is used to allow a 
wider dynamic range to be passed through 
the channel. Figure 8-8S graphically shows 
what a compandor can do for the signal to 
noise ratio of a restricted dynamic range 
channel. The input level range of +20 to 
-80dS is shown undergoing a 2 to 1 com­
pression where a 2dS inpLit level change is 
compressed into a 1dS output level change 
by the compressor. The original 100dS of 
dynamic range is thus compressed to a 
50dS range for transmission through a re­
stricted dynamic range channel. A comple­
mentary expansion on the receiving end 
restores the original signal levels and re­
duces the channel noise by as much as 
45dS. 

The significant circuits in a compressor or 
expandor are the rectifier and the gain con­
trol element. The phone system requires a 
simple fun wave averaging rectifier with 
good accuracy, since the rectifier accuracy 
determines the (input) output level tracking 
accuracy. The gain cell determines the dis­
tortion and noise characteristics, and the 
phone system specifications here are very 
loose. These specs could have been met 
with a simple operational transconductance 
multiplier, or OTA, but the gain of an OTA is 
proportional to temperature and this is very 
undesirable. Therefore, a linearized trans­
conductance multiplier was designed which 
is insensitive to temperature and offers low 
noise and low distortion performance. It is 
hoped that these features will make the 
circuit as widely used in audio systems as it 
will be in telecommunications systems, 

BASIC CIRCUIT HOOKUP 
AND OPERATION 
Figure 8-S0shows the block diagram of one 
half of the chip (there are two identical 
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channels on the I.C'). The full wave averag­
ing rectifier provides a gain control current, 
IG, for the variable gain (.:lGJ cell. The output 
of the.:lG cell is a current which is fed to the 
summing node of the operational amplifier, 
Resistors are provided to establish circuit 
gain and set the output dc bias, 

RESTRICTED DYNAMIC 
RANGE CHANNEL 

z 
o z a 0 

" i INPUT ID. I oc( OUTPUT 
LEVEL g: ! LEVEL 

+20~+20 

OdB: ,OdB 

~ ----~~~~"C-.o 
-soJ : ~-80 

I 

Figure 8-89 

CHIP BLOCK DIAGRAM 
(1 OF 2 CHANNELS) 

THD TRIM R3 INY. IN 

Figure 8-90 

Vee PIN 13 

GND. PIN4 

The circuit is intended for use in single 
power supply systems, so the internal sum­
ming nodes must be biased at some voltage 
above ground. An internal band gap voltage 
reference provides a very stable, low noise 
1.8 volt reference denoted V,et, The non­
inverting input of the op amp is tied to V,et, 
and the summing nodes of the rectifier and 
.:lG cell (located, at the right, of Rl and R2) 
have the same potential. The THD trim pin is 
also at the V,et potential. 

Figure 8-S1 shows how the circuit is hooked 
up to realize an expandor, The input signal, 
Vin, is applied to the inputs of both the 
rectifier and the .:lG cell. When the input 
signal drops by 6dS, the gain control cur­
rent will drop by a factor of 2, and so the gain 
will drop 6dS. The output level at VOU! will 
thus drop 12dB, giving us the desired 2 to 1 
expansion. 

Figure 8-S2 shows the hookup for a com­
pressor. This is essentially an expandor 
placed in the feedback loop of the op amp. 
The .:lG cell is set up to provide ac feedback 
only, so a separate dc feedback loop is 
provided by the two Rdc and CdC. The values 
of Rdc will determine the dc bias at the 
output ofthe op amp. The output will bias'to: 

v de = 1 + Rdcl+Rdc2 V =~ + Rdc tat\ 1 6V 
out R. ref ~ 30K)' 

The output of the expandor will bias up to: 

R3 (20K) Vaut de =1 + R4 Vref = 1 + 30K 1,6V = 3,OV 

The output will bias to 3.0V when the inter­
nal resistors are used. External resistors 
may be placed in series with R3, (which will 
affect the gain), or in parallel with R4 to raise 
the dc bias to any desired value. 

BASIC EXPANDOR 

·CIN1 R, 

"{'i-----'IoI'.2 R,~-----, 

*external components 

!ii!lDotiC!i 

J CRECT 

GAIN = 2 R3 VIN (avg.J 
Rt R21s 

Is = 140"A 

Figure 8-91 
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CIRCUIT DETAILS-RECTIFIER 
Figure 8-93 shows the concept behind the 
full wave averaging rectifier. The input cur­
rent to the summing node of the op amp, 
Vin/R" is supplied by the output of the op 
amp. If we can mirror the op amp output 
current into a unipolar current, we will have 
an ideal rectifier. The output current is 
averaged by Rs, Cr, which set the averaging 
time constant, and then mirrored with a gain 
of 2 to become IG, the gain control current. 

RECTIFIER CONCEPT 

y+ 

Figure 8-93 

Figure 8-94 shows the rectifier circuit in 
more detail. The op amp is a one stage op 
amp, biased so that only one output device 
is on at a time. The non-inverting input, (the 
base of 0,), which is shown grounded, is 
actually tied to the internal 1.8V Vrel. The 
inverting input is tied to the op amp output, 
(the emitters of Os and 06), and the input 
summing resistor R,. The single diode be-
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SIMPLIFIED RECTIFIER SCHEMATIC 
y+ 

D, A, 
'OK 

~---t------------.-e---+---~~-----oY'N 

V,N 8Vg. 
Y-

R, 
.OK 

IG=2-R.- Figure 8-94 

tween the bases of Os and 06 assures that 
only one device is on ata time. Todetectthe 
output current of the op amp, we Simply use 
the collector currents of the output devices 
05 and 06. 06 will conduct when the input 
swings positive and Os conducts when the 
input swings negative. The collector cur­
rents will be in error by the", of 05 or 06 on 
negative or positive signal swings, respec­
tively. IC's such as this have typical npn Irs 
of 200 and pnp (3'S of 40. The ",'s of .995 and 
.975 will produce errors of .5% on negative 
swings and 2.5% on positive swings. The 
1.5% average of these errors yields a mere 
-13dB gain error. 

At very low input signal levels the bias 
current of 02, (typically 50nA), will become 
significant as it must be supplied by Os. 
Another low level error can be caused by dc 
coupling into the rectifier. If an offset vol­
tage exists between the Vin input pin and the 
base of 02, an error current ofVosiRl will be 
generated. A mere 1mv of offset will cause 
an input current of 100nA which will pro­
duce twice the error of the input bias cur­
rent. For highest accuracy, the rectifier 
should be coupled into capacitively. At high 
input levels the (3 of the pnp 06 will begin to 
suffer, and there will be an increasing error 
until the circuit saturates. Saturation can be 
avoided by limiting the current into the 
rectifier input to 250J.lA. If necessary, an 
external resistor may be placed in series 
with R, to limit the current to this value. 
Figure 8-95 shows the rectifier accuracy 
vs input level at a frequency of 1 kHz. 

At very high frequencies, the response of 
the rectifier will fall off. The rolloff will be 
more pronounced at lower input levels due 
to the increasing amount of gain required to 
switch between Os or 06 conducting. The 
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rectifier frequency response for input levels 
of OdBm, -20dBm, and -40dBm is shown in 
Figure 8-96 The response at all three levels 
is flat to well above the audio range. 

RECTIFIER ACCURACY 

-'~--~-4~0------=a~--~~--~ 
RECTIFIER INPUT dBm 

Figure 8-95 
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-3 

'OK 
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Figure 8-96 
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VARIABLE GAIN CELL 
Figure 8-97 is a diagram of the variable gain 
cell. This is a linearized two quadrant trans­
conductance multiplier',2, Q" Q2 and the 
op amp provide a predistorted drive signal 
for the gain control pair, Q3, Q4. The gain is 
controlled by IG and a current mirror pro­
vides the output current. 

The op amp maintains the base and collec­
tor of Q, at ground potential (Vre!) by con­
trolling the base of Q2. The input current I;n 
(= V;n/R2) is thus forced to flow through Q, 
along with the current I" so Ic, = I, +I;n, 
Since 12 has been set at twice the value of I" 
the current through Q2 is 12-(l,+I";n) = I,-I;n = 
IC2. The op amp has thus forced a linear 
current swing between Q, and Q2,' by pro­
viding the proper drive to the base of Q2. 
This drive signal will be linear for small 
signals, but very non-linear for large sig­
nals, since it is compensating for the non­
linearity of the differential pair Q" Q2 under 
large signal conditions. 

The key to the circuit is that this same 
predistorted drive signal is applied to the 
gain control p.air. Q3 and Q4, When two 
differential pairs of transistors have the 
same signal applied, their collector current 
ratios will be identical, regardless of the 
magnitude of the currents. This gives us: 

IC4 

IC3 

J,+lin 

plus the relationships IG= IC3= IC4and lout­
.IC4-lc3 will yield the multiplier transfer 
function, 

IG Vin IG 
lout = - lin = - -

J, R2 I, 

this equation is linear and temperature in­
sensitive, but it assumes ideal transistors. 

If the transistors are not perfectly matched, 
a parabolic, non-linearity is generated, 
which results in 2nd harmonic distortion. 
Figure 8-98 gives an indication of the 
magnitude of the distortion caused by a 
given input level and offset voltage. The 
distortion is linearly proportional to the 
magnitude of the offset and the input level. 
Saturation of the gain cell occurs at a 
+8dBm level. Ala nominal operating level of 
OdBm, a 1 mv offset will yield .34% of second 
harmonic distortion. Most circuits are. 
somewhat better than this, which means our 
overall offsets are typically about 1/2mv. 
The distortion is not affected by the magni­
tude of the gain control current, and it does 
not increase as the gain is changed. This 
second harmonic distortion could be elimi­
nated by making perfect transistors, but 
since that would be difficult, we have had to 
resort to other methods. A trim pin has been 
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SIMPLIFIED aG CELL SCHEMATIC 

10UT= lIN 

I, 

1401<A 

v+ 

v-

Figure 8-97 

provided to allow trimming of the internal 
offsets to zero, which effectively eliminated 
second harmonic distortion. Figure 6-99 
shows the simple trim network required. 

.34 -

aG CELL DISTORTION 
vs OFFSET VOLTAGE 

INPUT LEVEL (dBm) 

Figure 8-98 

THO TRIM NETWORK 

Vee 

3.6V 

6.2K 
~20K 

To THO Trim 

Figure 8-99 
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Figure 8-100 shows the noise performance 
of the aG cell. The maximum output le.vel 
before clipping occurs in the gain cell is 
plotted along with the output noise in a 
20kHz bandwidth. Note that the noise drops 
as the gain is reduced for the first 20dB of 
gain .reduction. At high gains, the signal to 
noise ratio is 90dB, and the total dynamiC 
range from maximum signal to minimum 
noise is 11 OdB. 

Control signal feed-through is generated in 
the gain cell by imperfect device matching 
and mismatches in the current sources I, 
and 12. When no input signal is present, 
changinglG will cause a small output signal. 
The distortion trim is effective in nulling out 
any control signal feed-through, but in gen­
eral, the null for minimum feed-through will 
be different than the null in distortion. The 
control signal feed-through can betrimmed 
independently of distortion by tying a cur­
rent source to the aG input pin. This effec­
tively trims 1,. Figure 8-101 shows such a 
trim network, 

DYNAMIC RANGE OF NE570 
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Figure 8~100 
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OPERATIONAL AMPLIFIER 
The main op amp shown in the chip block 
diagram is equivalent to a 741 with a 1MHz 
bandwidth. Figure 8-102 shows the basic 
circuit. Split collectors are used in the input 
pair to reduce gm, so that a small compensa­
tion capacitor of just 10pf may be used. The 
output stage, although capable of output 
currents in excess of 20mA., is biased for a 
low quiescent current to conserve power. 
When driving heavy loads, this leads to a 
small amount of crossover distortion. 

OPERATIONAL AMPLIFIER 

Figure 8-102 

RESISTORS 
Inspection of the gain equations in Figure 8-
91 and 8-92 will show that the basic com­
pressor and expandor circuit gains may be 
set entirely by resistor ratios and the inter­
nal voltage reference. Thus, any form of 
resistors that match well would suffice for 
these simple hookups, and absolute accura­
cy and temperature coefficient would be of 
no importance. However, as one starts to 
modify the gain equation with external re­
sistors, the internal resistor accuracy and 
tempco become very significant. Figure 8-
103 shows the effects of the temperature on 
the diffused resistors which are normally 
used in integrated circuits, and the ion 
implanted resistors which are used in this 
circuit. Over the critical OOG to 700 G tem­
perature range, there is a 10 to 1 improve-

ment in drift from a 5% charge for the dif­
fused resistors, to a .5% change for the 
implemented resistors. The implanted resis­
tors have another advantage in that they can 
be made 1/7 the size of the diffused resis­
tors due to the higher resistivity. This saves 
a significant amount of chip area. 

RESISTANCE vs TEMPERATURE 

1.15 

1Kn /0 
LOWTC 
IMPLANTED 
RESISTOR 

~~~~~~~~~1% ERROR BAND 

-40 0 40 80 120 

TEMPERATURE 

Figure 8-103 

APPLICATIONS 
The following circuits will illustrate some of 
the wide variety of applications for the 
NE570. 

BASIC EXPANDOR 
Figure 8-104 shows how the circuit would 
be hooked up for use as an expandor. Both 
the rectifier and the <1G cell inputs are tied to 
Vin so that the gain is proportional to the 
average value of (Vin). Thus, when Vin falls 
6dB, the gain drops 6dB and the output 
drops 12dB. The exact expression for the 
gain is 

2 Ra Vin (ave) 
Gain expo = ; 18 = 140l'A 

Rl R218 
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The maximum input that can be handled by 
the circuit in Figure 8-104 is a peak of 3V. 
The rectifier input current can be as large as 
I = 3V/Rl = 3V110K = 300I'A. The <1G cell 
input current should be limited to I = 
2.8V/R2 = 2.8V/20K = 1401'A. If it is neces­
sary to handle larger input voltages than 0 ± 
2.8V pk, external resistors should be placed 
in series with Rl and R2 to limit the input 
current to the above values. 

Figure 8-104 shows a pair of input capac­
itors Ginl and Gin2 . .It is not necessary to use 
both capaCitors if low level tracking accura­
cy is not important. If Rl and R2 are tied 
together and share a comm,on capaCitor, a 
small current will flow between the <1G cell 
summing node and the rectifier summing 
node due to offset voltages. This current will 
produce an error in the gain control signal at 
low levels, degrading tracking accuracy. 

The output of the expandor is biased up to 
3V by the dc gain provided by R3, R4. The 
output will bias up to 

Ra 
Voutdc=(1+-) Vref 

R. 

For supply voltages higher than 6V, R4 can 
be shunted with an external resistor to bias 
the output up to 1/2VCC. 

Note that it is possible to externally increase 
Rl, R2, and R3, and to decrease R3 and R4. 
This allows a great deal of flexibility in 
setting up system levels. If larger input 
Signals are to be handled, Rl and R2 may be 
increased; if a larger output is required, R3 
may be increased. To obtain the largest 
dynamic range out of this circuit, the rectifi­
er input should always be as large as pOSSi­
ble (subject to the ±300I'A peak current 
restriction). 

BASIC EXPANDOR 

R, 

CIN1 

·{.1-----'V\2 R,"--'-L...-.-..., 
VOUT 

Figure 8-104 
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BASIC COMPRESSOR 
Figure 8-105 shows how to use the 
NE570/571 as a compressor. It functions as 
an expandor in the feedback loop of an op 
amp. If the input rises 6dS, the output can 
rise only 3dS. The 3dS increase in output 
level produces a 3dS increase in the gain in 
the AG cell, yielding a 6dS increase in 
feedback current to the summing node. 
Exact expression for gain is r R1 R2 Ie 11/2 

Gain (comp) = L2 Ra Vln (ave~ 

BASIC COMPRESSOR 

ROC 

.I CRECT 

'":' ROC 

C1N R3 

o---i I-'V~---I 
VIN 

R. 

.,.. Figure 8-105 

VOUT 

The same restrictions for the rectifier and 
AG cell maximum input current still hold, 
which place a limit on the maximum com­
pressor output. As in the expandor,· the 
rectifier and AG cell input!! could be made 
common to save a capacitor, but low level 
tracking accuracy would suffer. Since there 
is no dc feedback path around the op amp 
through the ~G cell, one must be provided 
externally. The pair of resistors Rdc and the 
capacitor Cdc must be provided. The op 
amp output will bias up to 

Vou! dc = (1 + 
2 Rdc 
--lVref 

R4 

For the largest dynamic range, the com­
pressor output should be as large as possi­
ble so that the rectifier input is as large as 
possible (subject to the ±300/LA peak cur­
rent restriction). If the input signal is small, a 
large output can be produced by reducing 
R3 with the attendant decrease in input 
impedance, or by increasing R1 or R2. It 
would be best to increase R2 rather than R1 
so that the rectifier input current is not re­
duced. 

DISTORTION TRIM 
Distortion can be produced by voltage off­
sets in the AG cell. The distortion is mainly 
even harmonics, and drops with decreasing 
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input Signal. (Input signal meaning the cur­
rent into the AG cell.) The. THD trim terminal 
provides a means fortrimming outthe offset 
voltages and thus trimming out the distor­
tion. The circuit shown in Figure 8-106 is 
suitable, as would be any other capable of 
delivering ±30/LA into 1000 resistor tied to 
1.8V. 

THO TRIM NETWORK 

VCC 

R 

3.6V 

UK 
~20K 

To THO Trim 

Figure 8-106 

LOW LEVEL MISTRACKING 
The compandor will follow it 2 to 1 tracking 
ratio down to very low levels. The rectifier is 
responsible for errors in gain, and it is the 
rectifier input bias current of <100na that 
produces errors at low levels. The magni­
tude of the error can be estimated. For a full 
scale rectifier input signal of ±200~, the 
average input current will be 127/LA. When 
the input signal level drops to a l/LA aver­
age, the bias current will produce a 10% or 
ldS error in gain. This will occur at 42dS 
below the maximum input level. 

It is possible to deviate from the 2 to 1 
transfer characteristic at low levels as 
shown in the circuit of Figure 8-107. Either 

Raor Rb, (but not both), is required. The 
voltage on Crect is 2XVbe plus Vin ave. For 
low level inputs Vin ave is negligible, so we 
can assume 1.3V as the bias on Crect. If Ra is 
placed from Crect to gnd we will bleed off a 
current I = 1.3V/Ra. If the rectifier average 
input current is less than this value, there 
will be no gain control input to th.e AG cell, 
so that its gain will be zero and the expandor 
output will be zero. As the input level is 
raised, the input current will exceed 1.3v/Ra 
and the expandor output will become active. 
For large input Signals, Ra will have little 
effect. The result of this is that we will 
deviate from the 2 to 1 expansion, present at 
high levels, to an infinite expansion at low 
levels where the output shuts off complete­
ly. Figure 8-.108 shows some examples of 
tracking curves which can be obtained. 
Complementary curves would be obtained 
for a compressor, where at low level signals 
the result would be infinite compression . 
The bleed current through Ra will be a 
function of temperature because of the two 
Vbe drops, so the low level tracking will drift 
with temperature. If a negative supply is 
available, it would be desirable to tie Ra to 
that, rather than ground, and to increase its 
value accordingly. The bleed current will 
then be less sensitive to the Vbe temperature· 
drift. 

Rb will supply an extra current to the rectifi­
er equal to (Vee -1.3V)Rb. In this case, the 
expandor transfer characteristic will deviate 
towards 1 to 1 at low levels. At low levels the 
expandor gain will stop dropping and the 
expansion will cease. In a compressor this 
would lead to a lack of compression at low 
levels. Figure 8-109 shows some typical 
transfer curves. An Rb value of approxi­
mately 2.5Meg would trim the low level 
tracking so as to match the Bell system N2 
trunk compandor characteristic. 

EXPANOOR WITH LOW LEVEL 
MISTRACKING 

R, 

V OUT 

Figure 8-107 
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RECTIFIER BIAS CURRENT 
CANCELLATION 
The rectifier has an input bias current of 
between 50 and 100nA. This limits the dy­
namic range of the rectifier to about SOdB. It 
also limits the amount of attenuation of the 
AG cell. The rectifier dynamic range may be 
increased by about 20dB by the bias current 
trim network shown in Figure 8-110 Figure 
8-111 shows the rectifier performance with 
and without current cancellation. 

ATTACK AND DECAY TIME 
The attack and decay times of the compan­
dor are determined by the rectifierfiltertime 
constant 10KxCreet. Figure 8-112 shows 
how the gain will change when the input 
signal undergoes a 10, 20, or 30dB change 
in level. 

RECTIFIER BIAS CURRENT 
COMPENSATION 

15V 

330K 

, 3.6\1 

10MEG 
~100K 

TO RECTIFIER 
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PIN 2 OR 1S 

Figure 8-110 

RECTIFIER PERFORMANCE WITH 
Ib COMPENSATION 

-80 
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RECTIFIER INPUT LEVEL, dBm 

Figure 8-111 

The attack time is much faster than the 
decay, which is desirable in most applica­
tions. Figure 8-113 shows the compressor 
attack envelope for a +12dB step in input 
level. The initial output level of 1 unit in­
stantaneously rises to 4 units, and then 
starts to fall towards its final value of 2 units. 
The CCITT recommendation on attack and 
decay times for telephone system compan­
dors, defines the attack time as when the 
envelope has fallen to a level of 3 units, 
corresponding to t = .15 in the figure. The 
CCITT recommends an attack time of 3± 
2rris, which suggests an RC product of 
20ms. Figure 8-H4 shows the compressor 
output envelope when the input level is 
suddenly reduced 12dB. The output, initial­
ly at a level of 4 units, drops 12dB to 1 unit 
and then rises to its final value of 2 units. The 
CCITT defines release time as when the 
output has risen to 1.5 units, and suggests a 
value of 13.5 ± 9ms. This corresponds to t = 

.675 in the figure, which gain suggests a 
20ms RC product. Since R1 = 10K, the 
CCITT recommendations will be met if Crect 
= 2/lf. 

There is a trade off between fast response 
and low distortion. If a small Creet is used to 
get very fast attack and decay, some ripple 

9i!1DOtiC9 
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will appear on the. gain control line and 
produce distortion. As a rule, a 1/lf CreetWili 
produce .2% distortion at 1 kHz. The distor­
tion is inversely proportional to both fre­
quency and capacitance. Thus, for tele­
phone applications where Creet = 2/lf, the 
ripple would cause .1% distortion at 1kHz 
and .33% at 300hz. The low frequency dis­
tortion generated by acompressorwould be 
cancelled (or undistorted) by an expandor, 
providing that they have the same value of 
Creet. 

GAIN vs TIME FOR INPUT STEPS 
OF ±10,±20,±30dB 

TIME CONSTANTS = 10K CRECT 

Figure 8-112 

COMPRESSOR ATTACK ENVELOPE 
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Figure 8-113 
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Figure 8-114 
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FAST ATTACK, SLOW 
RELEASE HARD LIMITER 
The NE570/571 can be easily used to make 
an excellent limiter. Figure 8-115 shows a 
typical circuit which requires 1/2 of an 
NE570/571 , 1/2 of an LM339 quad compara­
tor, and a pnp transistor. For small signals, 
the .:1G cell is nearly off, and the circuit runs 
at unity gain as set by Rs, R7. When the 
output signal tries to exceed a + or - 1 volt 
peak, a comparator threshold is exceeded. 
The pnp is turned on and rapidly charges C4 
which activates the .:1G cell. Negative feed­
back through the . .:1G cell reduces the gain, 
and the output signal level. The attack time 
is set by the RC product of R1S and C4, and 
the release time is determined by C4 and the 
internal rectifier resistor, which is 10K. The 
circuit shown attacks in less than 1ms and 
has a release time constant of lOOms. Re 
trickles about .7 p.A th roug h the rectifier to 
prevent C4 from becoming completely dis­
charged. The gain cell is activated when the 
voltage on pin 1 or 16 exceeds two diode 
drops. If C4 were allowed to completely 
discharge, there would be a slight delay 
before it recharged to > 1.2V and activated 
limiting action. 

A stereo limiter can .be built out of 1 
NE570/571 , 1 LM339 and two pnp transis­
tors. The resistor networks R12, R13 and R14, 
R1S, which set the limiting thresholds, could 
be common between channels. To gang the 
stereo channels together (limiting in one 
channel will produce a corresponding gain 

change In the second channel to maintain 
the balance of the stereo image), then pins 1 
and 16 should be jumpered together. The 
outputs of all 4 comparators may then be 
tied together, and only one pnp transistor 
and one capacitor C4 need be used. The 
release time will then be the product 5KxC4 
since two channels are being supplied cur­
rent from C4. 

USE OF EXTERNAL OP AMP 
The operational amplifiers in the NE570/571 
is not adequate for some applications. The 
slew rate, bandwidth, noise, and output 
drive capability can limit performance in 
many systems. For best performance, an 
external op amp can be used, The external 
op amp may be powered by bipolarsupplies 
for a larger output sWing. 

Figure 8-116 shows how an external op amp 
may be connected. The non-inverting input 
must be biased at about 1.BV. This is easily 
accomplished by tying it to either pin B or 9, 
the THO trim pins, since these pins sit at 
1.BV. An optional RC decoupling network is 
shown which will filter out the noise from 
the NE570/571 reference (typically about 
10p.V in 20kHz BW). The inverting input of 
the external op amp is tied to the inverting 
input of the internal op amp. The output of 
the external op amp is then used, with the 
in.ternal op amp output left to float. If the 
external op amp is used single supply, 
(+Vcc and ground), it must have an input 
common mode range down to less than 
1.BV. 

USE OF EXTERNAL OP AMP 

Figure 8 .. 116 

N2 COMPANDOR . 
There are four primary considerations in­
volved in the application of the NE570/571 
in an N2 compand or. These are matching of 
input and output levels, accurate 6000 input 
and output impedances, conformance to 
the Bell system low level tracking curve, and 
proper attack and release times. 

Figure 8-117 shows the implementation of 
an N2 compressor. The input level of .245V 
rms is stepped up to 1.41Vrms by the 
6000: 20KO matching transformer. The 20K 
input resistor properly terminates the trans­
former. An internal 20KO resistor (R3) is 
provided, but for accurate impedance termi­
nation an external resistor should be used. 
The output impedance is provided bythe4K 
output resistor and the 4KO: 6000 output 
transformer. The .275V RMS output level 

FAST ATTACK, SLOW RELEASE HARD LIMITER 
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N2 COMPRESSOR 

R GAIN TRIM 
16K 
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transformer. With this configuration the 
3.4SV transformer output requires a 3.4SV 
op amp output. To obtain this output level, it 
is necessary to increase the value of R3 with 
an external trim resistor. The new value of 
R3 can be found with the expandor gain 
equation. 

R1 R2 Ie Gain 10K X 20K X 140!,A X 2.6 
R3=-----

2 Vln ave 2 X 1.20 
..... ..JVIAr--Vcc = 30.3K 

R LOW LEVEl TR I M 

.245 VRMS 
60011 

3MEG 

43K 

ROUT 
4.0K 4K: 600 n ,----. 

,276VRMS 
600n 

Figure 8-117 

requires a 1.41V op amp Clutput level. This 
can be provided by increasing the value of 
R2 with an external resistor, which can be 
selected to fine trim the gain. A rearrange­
ment of the compressor gain equation (S) 
allows us to determine the value for R2. 

Gain2 R3 Vin ave 12 X 2 X 20K X 1.27 
R2=-----

R, Ie 10K X 140!,A 

= 36.3K 

The external resistance required will thus be 
3S.3K - 20K = IS.3K. 

The Bell compatible low level tracking char­
acteristic is provided by the low level trim 

600n: 1000 

resistor from Crect to Vee. As shown in 
Figure 9-108 this will skew the system to a 
1:1 transfer characteristic at low levels. The 
2p.f rectifier capaCitor provides attack and 
release times of 3ms and 13.5ms respective­
ly, as shown in Figures 8-97 and 8-98. The R­
CoR network around the op amp provides dc 
feedback to bias the output at dc. 

An N2 expandor is shown in Figure 8-118. 
The input level of 3.27Vrms is stepped down 
to 1.33V by the soon: loon transformer, 
which is terminated with a loon resistor for 
accurate impedance matching. The output 
impedance is accurately set by the 150n 
output resistor and the 150n: soon output 

N2 EXPANDOR 

R2 20K 

>--~ r----~~r~~~~ 

3.27 
VRMS 
600n 

'O,uF 

10011 

R'N 
vcc ... .Jo,fIl'v---i 

R LOW lEVEL 
TRIM DCl MEG 

Figure 8-118 
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An external addition to R30f 10K is required, 
and this value can be selected to accurately 
set the high level gain. 

A low level trim resistor from Crect to Vee of 
about 3Meg provides matching of the Bell 
low level tracking curve, and the 2!J.f value of 
Crect provides the proper attack and release 
times. A ISK resistor from the summing 
node to ground biases the output to 7Vdc. 

VOLTAGE CONTROLLED 
ATTENUATOR 
The variable gain cell in the NE570/571 may 
be used as the heart of a high quality voltage 
controlled amplifier (VCA). Figure 8-119 
shows a typical circuit which uses an exter­
nal op amp for better performance, and an 
exponential converter to get a control 
characteristic of -SdBN. Trim networks are 
shown to null out distortion and dc shift, and 
to fine trim gain to OdB with zero volts of 
control voltage. 

Op amp A2 and transistors 01 and 02 form 
the exponential converter generating an ex­
ponential gain control current, which is fed 
into the rectifier. A reference current of 
150!J.A, (15V and R20= lOOK), is attenuated a 
factor of two (SdB) for every volt increase in 

R GAIN TRIM 
10K 

200.uF 1600 
ROUT 

150.0: Boon 
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VOLTAGE CONTROLLED ATTENUATOR 
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FOR GANGING 
MULTIPLE CHANNELS 

100n Rn 
,% 

the control voltage. Capacitor C6 slows 
down gain changes to a 20ms time constant 
(C6 x R,) so that an abrupt change in the 
control voltage will produce a smooth 
sounding gain change. R,a assures that for 
large control voltages the circuit will go to 
full attenuation. The rectifier bias current 
would normally limit the gain reduction to 
about 70dB. R,a draws excess current out of 
the rectifier, After approximately 50dB of 
attenuation at a -6dBIV slope, the slope 
steepens and attenuation becomes much 
more rapid until the circuit totally shuts off 
at about g volts of control voltage. AI should 
be a low noise high slew rate op amp. R'3 
and R14 establish approximately a zero volt 
bias at AI's output. 

With a zero volt control voltage, R'9 should 
be adjusted for OdB gain. At 1V (-6dB gain) 
R9 should be adjusted for minimum distor­
tion with a large (+10dBm) input signal. The 
output dc bias (A, output) should be meas-
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R" 
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ured at full attenuation H10V control volt­
age) and then Ra is adjusted to give the same 
value at OdB gain. Properly adjusted, the 
circuit will give typically less than .1 % dis­
tortion at any gain with a dc output voltage 
variation of only a few millivolts. The clip­
ping level (140!-,A into pin 3, 14) is ±10V 
peak. A signal to noise ratio of 90dB can be 
obtained. 

If several VCA's must track each other, a 
common exponential converter can be 
used. Transistors can simply be added in 
parallel with 02 to control the other chan­
nels. The transistors should be maintained 
at the same temperature for best tracking. 

AUTOMATIC LEVEL CONTROL 
The NE570 can be used to make a very high 
performance AlC as shown in Figure 8-120. 
This circuit hookup is very similar to the 
basic compressor shown in Figure 8-105, 
except that the rectifier input is tied to the 

9i!1notiC9 

input rather than the output. This makes 
gain inversely proportional to input level so 
that a 20dB drop in input level will producea 
20dB increase in gain. The output will re­
main fixed at a constant level. As shown, the 
circuit will maintain an output level of 
±1dbm for an input range of +14 to -43dbm 
at 1khz. Additional external components 
will allow the output leve!' to be adjusted. 
Some relevant design equations are: 

R1 R2IS~ Vin 1 Output level = --- --.-. -- ; Is = 140!-,A 
2 R3 Vin(avg) 

R, R2 Is 
Gain·= where 

2 R3 Vin (avg) 

VIN -"-
VIN(avg) = 'lf2 =1.11 (for sine wave) 



If ALC action at very low input levels is not 
desired, the addition of resistor Rx will limit 
the maximum gain of the circuit. 

Rt + Rx 
- XR2XIB 

Gain max, = _l_,B_V_-,:,-__ 
2 R3 

The time constant of the circuit is deter­
mined by the rectifier capacitor, Crect, and 
an internal 10K resistor. 

T = 10K Crect 

Response time can be made faster at the 
expense of distortion. Distortion can be 
approximated by the equation. 

THO =(~) (1KHZ) X .2% 
Crect freq. 

VARIABLE SLOPE 
COMPRESSOR-EXPANDOR 
Compression and expansion ratios other 
than 2:1 can be achieved by the circuit 
shown in Figure 8-121. Rotation of the dual 
potentiometer causes the circuit hookup to 
change from a basic compressor to a basic 
expandor. In the center of rotation, the 
circuit is 1:1, has neither compression or 
expansion. The (input) output transfer char­
acteristic is thus continuously variable from 
2:1 compression, through 1:1, up to 1:2 
expansion. If a fixed compression or expan­
sion ratio is desired, proper selection of 
fixed resistors can be used instead of the 
potentiometer, The optional threshold re­
sistor will make the compression or expan­
sion ratio deviate towards 1:1 at low levels. A 
wide variety of (input) output characteristics 
can be created with this circuit, some of 
which are shown in Figure 8-122. 

HI FI COMPANDOR 
The NE570 can be used to construct a high 
performance compandor suitable for use 
with music. This type of system can be used 
for noise reduction in tape recorders, trans­
mission systems, bucket brigade delay 
lines, and digital audio systems. The circuits 
to be described contain features which im­
prove performance, but are not required for 
all applications. 

A major problem with the simple NE570 
compressor (Figure 8-105) is the limited op 
amp gain at high frequencies. For weak 
input signals, the compressor circuit oper­
ates at high gain and the 570 op amp simply 
runs out of loop gain. Another problem with 
the 570 op amp is its limited slew rate of 
about .6v/p.s. This is a limitation of the 
expandor, since the expandor is more likely 
to produce large output Signals than a com­
pressor. 
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VARIABLE SLOPE 
COMPRESSOR-EXPANDOR 

r-
r-------------------~f./~", DUAL ..... ) 

COMPRESSION 

1 10K I 

EXPANSION 

>P' 
3Op' 

8,e 3eK Sp' 

(6,11) (5,12) 

R, 
20K 

lp' R2 20K 
+ lI.G 

(3,10) 

R. 
30K 

1.8V 

>P' + 
R, 10K -= -t:+ 

(2,15) 

THRESHOLD 1 MEG 
LOG (1,16) 

+ 

-= r C RECT 

Figure 8-121 

9tgnDtic9 803 



Consumer Circuits 

TYPICAL INPUT-OUTPUT 
TRACKING CURVES OF 

VARIABLE RATIO 
COMPRESSOR-EXPANDOR 

OUTPUT 
LEVEL 
1000BIDIV 

INPUT LEVEL 1000B/OIV. 

Figure 8-122 

Figure 8-123 is a circuit for a high fidelity 
compressor which uses an external op amp 
and has a high gain and wide bandwidth. An 
input compensation network is required for 
stability. 

Another feature ofthe circuit in Figure 8-123 
is that the rectifier capacitor (Cg) is not 
grounded. but is tied to the output of an op 
amp circuit. This circuit. built around an 
LM324. speeds up the compressor attack 
time at low signal levels. The response times 
of the simple expandor and compressor 
(Figures 8-104 and 8-105) become longer at 
low signal levels. The time constant is not 
simply 10KxCrect. but is really 

~ OK + 2 (.026V)) xCrect. 
~ Irect. 

When the rectifier input level drops from 
OdBm to -30dBm. the time constant· in­
creases from 10.7KxCrect to 32.6KxCrect. In 
systems where there is unity. gain between 
the compressor and expandor. this will 
cause no overall error. Gain or loss between 
the compressor and expandor will be a 
mistracking of low signal dynamics. The 
circuit with the LM324 will greatly reduce 
this problem for systems which cannot 
guarantee the unity gain. 

When a compressor is operating at high 
gain, (small inputsignaD. and is suddenly hit 
with a signal. it will overload until it can 
reduce its gain. Overloaded the output will 
attempt to swing rail to rail. This compress­
or is limited to approximately a 7V peak to 
peak output swing by the brute force clamp 
diodes D3 and D4. The diodes cannot be 
placed in the feedback loop because their 
capacitance would limit high frequency 
gain. The purpose of limiting the output 
swing is to avoid overloading any succeed­
ing circuit such as a tape recorder input. 
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HI-FI COMPRESSOR WITH PRE-EMPHASIS 
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Figure 8-123 

The time it takes for the compressor to 
recover from overload is determined by the 
rectifier capaCitor Cg. A smaller capaCitor 
will allow faster response to transients, but 
will produce more low frequency third har­
monic distortion due to gain modulation. A 
value of 1 I1-f seems to be a good compromise 
value and yields good subjective results. Of 
course. the expand or should have exactly 
the same value rectifier capaCitor for proper 
transient response. Systems which have 
good low frequency amplitude and phase 
response can use compandors with smaller 
rectifier capaCitors, since the third harmon­
ic distortion which is generated by the com­
pressor will be undistorted by the expandor. 

Simple compandor systems are subject to a 
problem known as breathing. As the system 
is changing gain, the change in the back­
ground noise level can sometimes be heard. 
The compressor in Figure 8-123 contains a 
high frequency pre-emphasis circuit (C2. Rs 
and Ca, R14), which helps solve this prob­
lem. Matching de-emphasis on the expand­
or is required. More complex designs could 

9~nDtic9 

make the pre-emphasis variable and further 
reduce breathing. 

The expander to complement the com­
pressor is shown in Figure 8-124. Here an 
external op amp is used for high slew rate. 
Both the compressor and expandor have 
unity gain levels of OdBm. Trim networks are 
shown for distortion (THO) and dc shift. The 
distortion trim should be done first, with an 
input ofOdBm at 10kHz. The dc shift should 
be adjusted for minimum envelope bounce 
with tone bursts. When applied to consumer 
tape recorders, the subjective performance 
of this system is excellent. 
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INTRODUCTION 
Phase Locked Loop (PLLs) are a new class 
of monolithic circuits developed by Signe­
tics, but they are based on frequency feed­
back technology which dates back 40 years. 

A phase locked loop is basically an elec­
tronic servo loop consisting of a phase 
detector, a low pass filter and a voltage 
controlled oscillator. Its controlled oscilla­
tor phase makes it capable of locking or 
synchronizing with an incoming signal. If 
the phase changes, indicating the incoming 
frequency is changing, the phase detector 
output voltage increases or decreases just 
enough to keep the oscillator frequency the 
same as the incoming frequency, preserv­
ing the locked condition. Thus, the average 
voltage applied to the controlled oscillator 
is a function of the frequency of the 
incoming signal. In fact, the low pass filter 
voltage is the demodulated output when the 
incoming signal is frequency modulated 
(provided the controlled oscillator has linear 
voltage-to-frequency transfer characteris­
tic). The synchronous reception of radio 
signals using PLL techniques was de­
scribed (Ref. 1) in the early thirties. You may 
have heard of the "homodyne" receiver. 

The first widespread use of the phase lock, 
however, was in TV receivers to synchronize 
the horizontal and vertical sweep oscillators 
to the transmitted sync pulses. Lately, 
narrowband phase locked receivers have 
proved to be of considerable benefit in 
tracking weak satellite signals because of 
their superior noise immunity. Applicaitons 
such as these were implemented primarily 
in discrete component form and involved 
considerable complexity even after the 
advent of transistors. This complexity made 
PLL techniques impractical or uneconomi­
cal in the majority of systems. 

The development of complete, single-chip 
phase locked loops has changed this 
situation considerably. Now, a single pack­
aged device with a few external components 
will offer the user all the benefits of phase 
locked loop operation, including independ­
ent center frequency and bandwidth adjust­
ment, high noise immunity, high selectivity, 
high frequency operation and center fre­
quency tuning by means of a single external 
component. 

Signetics makes three basic classes of 
single-chip PLL circuits: the general pur­
pose PLL, the PLL with an added multiplier 
and the PLL tone decoder. 

The 560N, 562N and 565 are general 
purpose phase locked loops containing an 
oscillator, phase detector and amplifier. 
When locked to an incoming signal, they 
provide two outputs: a voltage proportional 

to the frequency of the incoming signal (FM 
output) and the square wave oscillator 
output which, during lock, is equal to the 
incoming frequency. All general purpose 
devices are optimized to provide a linear 
frequency-to-voltage transfer character­
istic. 

The 561 N contains a complete PLL as those 
above, plus the additional multiplier or 
quadrature phase detector required for AM 
demodulation. In addition to the standard 
FM and oscillator outputs, it also provides 
an output voltage which is proportional to 
the amplitude of the incoming signal (AM 
outputl. The 561N is opitmized for highly 
linear FM and AM demodulation. 

The 567 is a special purpose phase locked 
loop intended solely for use as a tone 
decoder. It contains a complete PLL includ­
ing oscillator, phase detector and amplifier 
as well as a quadrature phase detector or 
multiplier. If the signal amplitude at the 
locked frequency is above a minimal value, 
the driver amplifier turns on, driving a load 
as much as 200mA. It, thus, gives an output 
whenever an inband tone is present. The 
567 is optimized for both center frequency 
and bandwidth stability. 

The 566 is not a phase locked loop, but a 
precision voltage-controllable waveform 
generator derived from the oscillator of the 
565 general purpose loop. Because of its 
similarity to the 565 and because it lends 
itself well to use in, and in conjunction with, 
phased locked loops, it has been included in 
this section. 

Table 9-1 summarizes the characteristics of 
Signetics phase locked loop products. 

A considerable quantity of detailed specifi­
cations and publications information for 
these products is included in the Linear 
Spec. Handbook. Because many readers 
are likely to be unfamiliar with the terminol­
ogy and operating characteristics of phase 
locked loops, a glossary of terms and a 
general explanation of PLL principles are 
included here with a detailed discussion of 
the action of the individual loop elements. 

The tradeoff and setup section will assist the 
reader in some of the considerations 
involved in selecting and.applying the loop 
products to meet system requirements. A 
brief summary of measurement techniques 
has been presented to aid the user in 
achieving his performance goals. 

Detailed descriptions have been provided 
for each of the loop products. The user can 
supplement the suggested connection 
diagrams with his own schemes. 

Perhaps the best way to become familiar 
with the many uses of phase locked loops is 
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to actually study the various application 
circuits provided. These circuits have been 
drawn from many sources-textbooks, 
users, Signetics' applications engineers and 
the 1970 Signetics-EDN Phase Locked 
Loop contest. Every effort has been made to 
provide usable, workable circuits which 
may be copied directly or used as jumping­
off pOints for other imaginative applica­
tions. 

The section on interfacing will aid the user 
in driving different forms of logic from PLL 
outputs and the section on expanding loop 
capabilities will show how to achieve 
improved performance in certain difficult 
applications. 

PHASED LOCKED LOOP 
TERMINOLOGY 
The following is a brief glossary of terms 
encountered in PLL literature. 

Capture Range (2wc)-Although the loop 
will remain in lock throughout its lock 
range, it may not be able to acquire lock at 
the tracking range extremes. The, range over 
which the loop can acquire lock is termed 
capture range. The capture range is some­
times called the Lock-in Range'(The latter 
refers to how close a signal must be to the 
center frequency before acquisition can 
occur. It is thus one-half the capture range 
of we'> 

Current Controlled Oscil/a'tor (CCO)-An 
oscillator similar to a veo in which' the 
frequency is determined by an applied 
current. 

Damping Factor (0-The standard damp­
ing constant of a second order feedback 
system. In the case of the PLL, it refers to the 
ability of the loop to respond quickly to an 
input frequency step without excessive 
overshoot. 

Free-Running Frequency ((o,wo)-Also 
called the Center Frequency, this is the 
frequency at which the loop veo operates 
when not locked to an input signal. The 
same symbols (fo,wo) used for the free­
running frequency are commonly used for 
the general oscillator frequency. It is usually 
clear which is meant from the context. 

Lock Range (2wL)-The range of input 
frequencies over which the loop will remain 
in lock. It is also called the Tracking Range 
or Hold-In Range. (The latter refers to how 
far the loop frequency can be deviated from 
the center frequency and is one-half the 
lock range or wL'> 

Loop Gain (Kv)-The product of the dc 
gains of all the loop elements, in units of 
(sec)-1. 
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USER'S QUICK-LOOK GUIDE TO SIGNETICS PLLs 

OUTPUT FREQUENCY 
MAXIMUM SWING CENTER DRIFT WITH TYPICAL SUPPLY 

UPPER LOCK ±5% FREQUENCY SUPPLY AM SUPPLY VOLTAGE 
FREQUENCY RANGE FM DEVIATION STABILITY VOLTAGE INPUT OUTPUT CURRENT RANGE 

(MHz) (%fol DISTORTION (volts pop) (ppmfOC) (%/volt) RESISTANCE AVAILABLE (mA) (volts) 

NE560 30 40% .3% 1 ±600 .3 2K" No 9 +16 to +26 
NE561 30 40% .3% 1 ±600 .3 2K" Yes 10 +16 to +26 
NE562 30 40% .5% 1 ±600 .3 2K" No 12 +16 to +30 
NE564 50 40% .5% .1 ±400 .3 3K No 30 +4.5 to +12 
NE565 .5 120% .2% .15 ±200 .16 5K No 8 ± 5 to ±12 
SE565 .5 120% .2% .15 ±100 .08 5K No 8 ± 5to±12 
NE567 .5 14% 5%' .20 35±60 . 7 20Ko • Yes' 7 ± 4.5 to +9 
SE567 .5 14% 5%' .20 35±60 .5 20K" Yes' 6 +4.5 to +9 
NE566 .5 .2% 30%1V'" ±200 .16 7 +10 to +26 
SE566 .5 .2% 30%1V'" ±100 .oe 7 +10 to +26 

The 567 AM and FM outputs are available, but are not optimized for linear demodulation. .. Input biased internally . 
u" Figure shown is VCO gain in percent deviation per volt. 

Loop Noise Bandwidth (BLJ-A loop prop­
erty related to damping and natural fre­
quencywhich describes the effective band­
width of the received signal. Noise and 
signal components outside this band are 
greatly attenuated. 

Low Pass Filter (LPF)-A low pass filter in 
the loop which permits only dc and low 
frequency voltages to . travel around the 
loop. It controls the capture range and the 
noise and out-band signal rejection charac­
teristics. 

Natural Frequency (am)-The characteristic 
frequency of the loop, determined mathe­
matically by the final pole positions in the 
complex plane. May be determined experi­
mentally as the modulation frequency for 
which an underdamped loop gives the 
maximum output and at which phase error 
swing is the greatest. 

Phase Detector Gain Factor (Kd)-The 
conversion factor between the phase detec­
tor output voltage and the phase difference 
between input and veo signals in volts/ra­
dian. At low input signal amplitudes, the 
gain is also a function of input level. 

Phase Detector (PD )-A circuit which 
compares the input and veo signals and 
produces an error voltage which is depend­
ent upon their relative phase difference. 
This error corrects the veo frequency 
during tracking. Also called Phase Compar­
ator. A Multiplier or Mixer is often used as a 
phase detector. 

Quadrature Phase Detector (QPD )-A 
phase detector operated in quadrature (90° 
out of phase) with the loop phase detector. It 
is used primarily for AM demodulation and 
lock detection. 
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Table 9-1 

BLOCK DIAGRAM OF PHASE LOCKED LOOP 

INPUT 
SIGNAL 

Vjltl 
w; 

OUTPUT 
SIGNAL 

Figure 9-1 

VCO Conversion Gain (Ko)-The conver­
sion factor between veo frequency and 
control voltage in radians/second/Volt. 

Voltage Controlled Oscil/ator (VCO)-An 
oscillator whose frequency is determined 
by an applied control voltage. 

THE PHASE LOCKED LOOP 
PRINCIPLE 
The phase locked loop is a feedback system 
comprised of a phase comparator, a low 
pass filter and an error amplifier in the 
forward signal path and a voltage­
controlled oscillator (VeO) in the feedback 
path. The block diagram of a basic PLL 
system is shown in Figure 9-1. Detailed 
analysis of the PLL as a feedback control 
system has been discussed in the literature 
(Ref. 2), Perhaps the single most important 
point to realize when designing with the PLL 
is that it is a feedback system and, hence, is 
characterized mathematically by the same 
equations that apply to other, more conven­
tional feedback systems. The parameters in 
the equations are somewhat different, 

SmnDtics 

however, since the feedback error signal in 
the phase locked system is a phase rather 
than a current orvoltagesignal, as is usually 
the case in conventional feedback systems. 

Loop Operation 
A rigorous mathematical analysis of the 
system is quite cumbersome and will not be 
repeated here. However, from a qualitative 
point of view, the basic principle of PLL 
operation can be briefly explained as 
follows: With no signal input applied to the 
system, the error voltage Vd is equal to zero. 
The veo operates at a set frequency wo, 
which is known as the free-running frequen­
cy. If an output signal is applied to the 
system. the phase comparator compares 
the phase and the frequency of the input 
with the veo frequency and generates ·an 
error voltage Ve(t) that is related to the phase 
and the frequency difference betWeen the 
two signals. This error voltage 'i's then 
filtered, amplified and applied tothe control 
terminal of the veo. In this manner, the 
control voltage V d(t) forces the veo fre-



quency to vary in a direction that reduces 
the frequency difference between fa and the 
input signal. If the input frequency wi is 
sufficiently close to wo, the feedback nature 
of the PLL causes the veo to synchronize 
or lock with the incoming signal. Once in 
lock, the veo frequency is identical to the 
input signal except for a finite phase 
difference. This net phase difference 80 is 
necessary to generate the corrective error 
voltage Vd to shift the veo frequency from 
its free-running value to the input signal 
frequencywi and, thus, keep the PLL in lock. 
This self-correcting ability of the system 
also allows the PLL to track the frequency 
changes of the input signal once it is locked. 
The range of frequencies over which the 
PLL can maintain lock with an input signal is 
defined as the "lock range" of the system. 
The band of frequencies over which the PLL 
can acquire lock with an incoming signal is 
known as the "capture range" of the system 
and is never greater than the "lock range." 

Another means of describing the operation 
of the PLL is to observe that the phase 
comparator is in actuality a multipler circuit 
that mixes the input signal with the veo 
signal. This mix produces the sum and 
difference frequencies Wi ± Wo shown in 
Figure 9-1. When the loop is in lock, the 
veo duplicates the input frequency so that 
the difference frequency component (wi -
wo) is zero; hence, the output of the phase 
comparator contains a dc component. The 
low pass filter removes the sum frequency 
component (wi = WO) but passes the dc 
component which is then amplified and fed 
back to the veo. Notice that when the loop 
is in lock, the difference frequency compo­
nent is always dc, so the lock range is 
independent of the band edge of the low 
pass filter. 

Lock and Capture 
Consider now the case where the loop is not 
yet in lock. The phase comparator again 
mixes the input and veo signals to produce 
sum and difference frequency components. 
Now, however, the difference component 
may fall outside the band edge of the low 
pass filter and be removed along with the 
sum frequency component. If this is the 
case, no information is transmitted around 
the loop and the veo remains at its initial 
free-running frequency. As the input fre­
quency approaches that of veo, the 
frequency of the difference component 
decreases and approaches the band edge of 
the low pass filter. Now some of the 
difference component is passed, which 
tends to drive the veo towards the frequen­
cy of the input signal. This, in turn, 
decreases the frequency of the difference 
component and allows more information to 

be transmitted through the low pass filter to 
the veo. This is essentially a positive 
feedback mechanism which causes the 
veo to snap into lock with the input signal. 
With this mechanism in mind, the term 
"capture range" can again be defined as the 
frequency range centered about the veo 
initial free-running frequency over which 
the loop can acquire lock with the input 
signal. The capture range is a measure of 
how close the input signal must be in 
frequency to that of the veo to acquire 
lock. The "capture range" can assume any 
value within the lock range and depends 
primarily upon the band edge of the low 
pass fi Iter together with the closed loop gain 
of the system. It is this signal capturing 
phenomenon which gives the loop its 
frequency selective properties. 

It is important to distinguish the "capture 
range" from the "lock range" which can, 
again, be defined as the frequency range 
usually centered about the veo initial free 
running frequency over which the loop can 
track the input signal once lock has been 
achieved. 

When the loop is in lock, the difference 
frequency component on the output of the 
phase comparator (error voltage) is dc and 
will always be passed by the low pass filter. 
Thus, the lock range is limited by the range 
of error voltage that can be generated and 
the corresponding veo frequency devia­
tion produced. The lock range is essentially 
a dc parameter and is not affected by the 
band edge of the low pass filter. 

The Capture Transient 
The capture process is highly complex and 
does not lend itself to simple mathematical 
analysis. However, a qualitative description 
of the capture mechanism may be given as 
follows: Since frequency is the time deriv­
ative of phase, the frequency and the phase 
errors in the loop can be related as 

t.w = 
dOc 

dt 

(Equation 9-1) 

where <lw is the instantaneous frequency 
separation between the signal and veo 
frequencies and 80 is the phase difference 
between the input signal and veo signals. 

If the feedback loop of the PLL was opened, 
say between the low pass filter and the veo 
control input, then for a given condition of 
Wo and Wi the phase comparator output 
would be a sinusoidal beat note at a fixed 
frequency <lw. If wi and wo were sufficiently 
close in frequency, this beat note would 
appear at the filter output with negligible 
attenuation. Now suppose that the feedback 
loop is closed by connecting the low pass 
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filter output to the veo control terminal. 
The veo frequency will be modulated by 
the beat note. When this happens, <lw itself 
will become a function of time. If during this 
modulation process, the veo frequency 
moves closer to Wi (Le., decreasing <lw), then 
d80/dt decreases and the output of the 
phase comparator becomes a slowly vary­
ing function of time. Similarly, if the veo is 
modulated away from Wi, d81dt increases 
and the error voltage becomes a rapidly 
varying function of time. Under this condi­
tion the beat note waveform no longer looks 
sinusoidal; it looks like a series of aperiod­
ic cusps, depicted schematically in Figure 
9-2a. Because of its asymmetry, the beat 
note waveform contains a finite dc compo­
nent that pushes the average value of the 
veo toward Wi, thus increasing <lw. In this 
manner, the beat note frequency rapidly 
decreases toward zero, the veo frequency 
drifts toward Wi and the lock is established. 
When the system is in lock, <lw is equal to 
zero and on Iy a steady-state dc error voltage 
remains. 

Figure 9-2b displays an oscillogram of the 
loop error voltage Vd in an actual PLL 
system during the capture process. Note 
that as lock is approached, <lw is reduced, 
the low pass filter attenuation becomes less 
and the amplitude of the beat note in­
creases. 

The total time taken by the PLL to establish 
lock is called the pull-in time. Pull-in time 
depends on the initial frequency and phase 
differences between the two signals as well 
as on the overall loop gain and the low pass 
filter bandwidth. Under certain conditions, 
the pull-in time may be shorter than the 
period of the beat note and the loop can lock 
without an oscillatory error transient. 

A specific case to illustrate this is shown in 
Figure 9-3. The 565 PLL is shown acquiring 
lock within the first cycle of the input signal. 
The PLL was able to capture in this short 
time because it was operated as a first order 
loop (no low pass filter) and the input tone­
burst frequency was within its lock and 
capture range. 

Effect of the Low Pass Filter 
In the operation of the loop, the loop pass 
filter serves a dual function: First, by 
attenuating the high frequency error com­
ponents at the output of the phase compara­
tor, it enhances the inteference-rejection 
characteristics; second, it provides a short­
term memory for the PLL and ensures a 
rapid recapture of the signal if the system is 
thrown out of lock due to a noise transient. 
The low pass filter bandwidth has the 
following effects on system performance: 
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FAST CAPTURE EXHIBITED 
BY FIRST 'ORDER LOOP 

Figure 9-3 

LOCKED 

LINEARIZED MODEL OF THE PLL . 
AS A NEGATIVE FEEDBACK SYSTEM 

Figure 9-4 
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a. The. capture process become.s slower, 
and the pull-In time increases. 

b. The capture range decreases. 
c. Interference-rejection properties of the. 

PLL improve since· the error voltage 
caused by an interfering frequency is 
attenuated further by the low pass filter. 

d. The transient responce of the loop (the 
response of the. PLL to sudden changes 
of the input frequency within the capture 
range) becomes undamped. 

The last effect also produces a practical 
limitation on the low pass loop filter 
bandwidth and roll-off characteristics from 
a stability standpoint. These points will be 
explained further in the following analysis. 

Linear Analysis for Lock 
Condition-Frequency Tracking 
When the PLL is in lock, the non-linear 
capture transients are no longer present. 
Therefore, under lock condition, the PLL 
can often be approximated as a linear 
control system (see Figure 9-4) and can be 
analyzed using Laplace transform tech­
niques. In this case, It is convenient to use 
the net phase error in the loop (9s - 90) as the 
system variable. Each of the gain terms 
associated with the blocks can be defined as 
follows: 

Kd = conversion 9ain of phase detector 
(volt/rad) 

F(s) = transfer characteristic of low pass 
filter 

A = amplifier voltage gain 

K8 = veo conversion gain· (rad/sec/Vol.t) 

Note that, since the veo converts a voltage 
to a frequency and since phase is the 
integral of frequency, the veo functions as 
an integrator in the feedback loop. 

The open loop transfer function for the PLL 
can be written as 

(Equation 9-2) 

KvF (s) 
T(s) = 

where Kv is the total loop gain, i.e., Kv = 
KoKdA. Using the linear feedback analYSis 
techniques, the closed loop transfercharac­
teristics H (s) can be related to the open loop 
performance as 

(Equation 9-3) 

T(s) 
H(s) = 

1 + T(s) 

and the roots of the characteristic system 
polynomial can be readily determined by 
root locus techniques. 

From these equations, it is apparent that the 
transient performance and frequency re-



sponse of the loop is heavily dependent 
upon the choice of filter and its correspond­
ing transfer characteristic, F(s), 

The simplest case is that of the first order 
loop where F(s) = 1 (no filter), The closed 
loop transfer function then becomes 

(Equation 9-4) 

Kv 
T(s) = 

s + Kv 

This transfer function gives the root locus as 
a function of the total loop gain Kv and the 
corresponding frequency response shown 
in Figure 9-5a. The open loop pole at the 
origin is due to the integrating action of the 
VCO. Note that the frequency response is 
actually the amplitude of the difference 
frequency component versus modulating 
frequency when the PLL is used to track a 
frequency modulated input signal. Since 
there is no low pass filter in this case, sum 
frequency components are also present on 
the phase detector output and must be 
filtered outside of the loop if the difference 
frequency component (demodulated FM) is 
to be measured. 

With the addition of a single pole low pass 
filter F(s) of the form 

1 
F(s)=---

1 + T,S 

(Equation 9-5) 

where T1 = R1C, the PLL becomes a second 
order system with the root locus shown ,in 
Figure 9-5b. Here, we again have an open 
loop pole at the origin because of the 
integrating action of the VCO and another 
open loop pole at a position equal to -'1/T1 

where T1 is the time constant of the low pass 
filter. 

One can make the following observations 
from the root locus characteristics of Figure 
9-5b. 

a. As the loop gain Kv increases for a g,iven 
choice of T1, the imaginary part of the 
closed loop poles increase; thus, the 
natural frequency of the loop increases 
and the loop becomes more and more 
undamped. 

b. If the filter time constant is increased, the 
real part of the closed loop poles be­
comes smaller and the damping is' re­
duced. 

As in any practical feedback system, excess 
shifts or non-dominant poles associated 
with the blocks within the PLL can cause the 
root loci to bend toward the right half plane 
as shown by the dashed line in Figure 9-5b. 
This is likely to happen if either the loop gain 
or the filter time constant is too large and 
may cause the loop to break into sustained 
oscillations. 
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The stability problem can be eliminated by 
using a lag-lead type of filter, as indicated in 
Figure 9-5c. This type of filter has a transfer 
function 

1 + T2S 
F(s) = ----

1 + (Tl + T2)S 

(Equation 9-6) 

where T2 = R2C and T1 = R1 C. By the proper 
choice of R2, this type of filter confines the 
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root locus to the left half plane and ensures 
stability. The lag-lead filter gives a frequen­
cy response dependent on the damping, 
which can now be controlled by the proper 
adjustment of T1 and T2. In practice, this type 
of filter is important because it allows the 
loop to be used with a response between 
that of the first and second order loops and 
it provides an additional control over the 
loop transient response. If R2 = 0, the loop 
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behaves as a second order loop and if R2 = 
00, the loop behaves as a first order loop due 
to a pole-zero cancellation. Note, however, 
that as first order operation is approached, 
the noise bandwidth increases and interfer­
ence rejection decreases since the high 
frequency error components in the loop are 
now attenuated to a lesser degree. 

In terms of the basic gain expressions in the 
system, the lock range of the PLL Wl can be 
shown to be numerically equal to the dc 
loop gain 

(Equation 9-7) 
2"'L = 47TfL = 2Kv 

Since the capture range we denotes a tran­
sient condition, it is not as readily derived as 
the lock range. However, an approximate 
expression for the capture range can be 
written as 

2",c = 47Tfc = 2Kv • F (jwc) 
(Equation 9-8) 

where F(jwe) is the low pass filter amplitude 
response at w = Wl. Note that at all times the 
capture range is smaller than the lock range. 
If the simple lag filter of Figure 9-5b is used, 
the capture range equation can be approx­
imated as 

/fL.ff, 2"'c=2 - ~ 
T1 T1 

(Equation 9-9) 

Thus, the capture range increased as the 
low pass filter time constant is decreased, 
whereas the lock range is unaffected by the 
filter and is determined solely by the loop 
gain. 

Figure 9-6 shows the typical frequency-to­
voltage transfer characterisitcs of the PLL. 
The input is assumed to be a sine wave 
whose frequency is swept slowly over a 
broad frequency range. The vertical scale is 
the corresponding lOop error voltage. In 
Figure 9-6a, the input frequency is being 
gradually increased. The loop does not 
respond to the signal until it reaches fre­
q uency W1, correspond i ng to the lower edge 
of the capture range. Then, the loop sud­
denly locks on the input and causes a nega­
tive jump of the loop error voltage. Next, Vd 
varies with frequency with a slope aqual to 
the reCiprocal of veo gain (1/Ko) and goes 
through zero as Wi = woo The loop tracks the 
input until the input frequency reaches W2, 

corresponding to the upper edge of the lock 
range. The PLL then loses lock and the 
error VOltage drops to zero. If the input 
frequency is swept slowly back now, the 
cycle repeats itself, but it is inverted, as 
shown in Figure 9-6b. The loop recaptures 
the signal at W3 and tracks it down to W4. The 
total capture and lock ranges of the system 
are: 

814 

TYPICAL PLL FREQUENCY- TO-VOLTAGE TRANSFER 
CHARACTERISTICS FOR INPUT FREQUENCY INCREASING 

AND DECREASING 

:r O""-;;;;;:;;' SWEEP 

1---.---
1 

INCREASING 
FREQUENCY 

I CAPTURE RANGE 

j.-- '"' ----+l 

P I INCREASING 

". "'QUEN" 

o o""J-"O-N,....:O'r-----;;o/"<--L-.------~ 
SWEEP 

Figure 9-6 

(Equation 9-10) 

2",c = "'3 - ." and 2"'L = 0J2 - "'4 

Note that, as indicated by the transfer char­
acteristics of Figure 9-6, the PLLsystem has 
an inherent salectivity about the center 
frequency set by the veo free-running 
frequency coo. It will respond only to the 
input signal frequencies that are separated 
from Wo by less than we or Wl, depending on 
whether the loop starts with or without an 
initial lock condition. The linearity of the 
frequency-to-voltage conversion charac­
teristics for the PLL is determined solely by 
the veo conversion gain. Therefore, in 
most PLL applications, the veo is required 
to have a highly linearvoltage-to-frequency 
transfer characteristic. 

PHASE LOCKED LOOP 
BUILDING BLOCKS 

Voltage Controlled Oscillator 
Since three different forms of veo have 
been used in the Signetics PLL series, the 
veo details will not be discussed until the 
individual loops are described. However, a 
few general comments about veos are in 
order. 

When the PLL is locked to a signal, the veo 
voltage is a function of the frequency of the 
input signal. Since the veo control voltage 
is the demodulated output during FM de­
modulation, it is important that the veo 
voltage-to-frequency characteristic be line­
ar so that the output is.not distorted. Over 
the linear range of the veo, the conversion 
gain is given by Ko (in radian/sec/volt). 

(Equation 9-11) 

Ko= 

sagnotics 

Since the output voltage is the veo voltage, 
we can get the loop output voltage as 

(Equation 9-12) 

!!..vo = 

The gain Ko can be found from the data 
sheet by taking the change in veo control 
voltage for a given percentage frequency 
deviation and multiplying by the center 
frequency. When the veo voltage is 
changed, the frequency change is virtually 
instantaneous. 

Phase Detector 
All Signetics phase locked loops use the 
same form of phase detector-often called 
the doubly-balanced multiplier or mixer. 
Such a circuit is shown in Figure 9-7. 

The input stage formed by transistors 01 
and 02 may be viewed as a differential 
amplifier which has a collector resistance 
Re and whose differential gain at balance is 
the ratio of Re to the emitter resistance re of 
01 and 02. 

Rc 
r. 

(Equation 9-13) 

Rc 
0.0131. 

The switching stage formed by 03 - 06 is 
switched on and off by the veo square 
wave. Since the collector current swing of 
02 is the negative of the collector current 
swing of 01, the switching action has the 
effect of multiplying the differential stage 
output first by +1 and then by -1. That is, 
when the base of 04 is positive, Re2 receives 
11 and when the base of 06 is positive, Re2 
receives 12 = 11. Since we have called this a 
multiplier, let us perform the multiplication 
to gain further inSight into the action of the 
phase detector. 



Suppose we have an input signal which 
consists of two added components: a com­
ponent at frequency Wi which is close to the 
free-running frequency and a component at 
frequency Wk which may be at any frequen­
cy. The input signal is 

(Equation 9-14) 

Vi + Vk = Visin (wit + Oil + Vksin (wkt + Ok) 

where IIi and Ilk are the phase in relation to 
the VCO signal. The unity square wave 
developed in the multiplier by the VCO 
signal is 

4 
sin [(2n + 1 )wot] 

".(2n + 1) 

(Equation 9-15) 

where Wo is the VCO frequency. Multiplying 
the two terms, using the appropriate trigo­
nometric relationship and inserting the dif­
ferential stage gain Ad, we get 

(Equation 9-16) 

00 

-- --- cos [(2n + 1)wot - wit - Oi] 2Ad[L Vi 
". (2n + 1) 

n=O 

- --'.-COS[(2n + 1)wot + wit + Oi] L V' 

(2n + 1) 

n=O 

+ ~ ~COSL(2n + 1)wot - wkt - Ok] 
~(2n+1) 
n =0 

-~ ~cos [(2n + 1)wot + Wkt +Ok J] 
i....t(2n+1) 

n=O 

Assuming the Vk is zero, temporarily, if Wi is 
close to 000, the first term (n = OJ has a low 
frequency difference frequency compo­
nent. This is the beat frequency component 
that feeds around the loop and causes lock 
up by modulating the VCO. As 000 is driven 
closer to Wi, this difference component 
becomes lower and lower in frequency until 
000 = Wi and lock is achieved. The first term 
then becomes 

(Equation 9-17) 

2AdVi 
-- COSOi 

". 

which is the usual phase detector formula 
showing the dc component of the phase 
detector during lock, This component must 
equal the voltage necessary to keep the 
VCO at 000. it is possible for 000 to equal Wi 
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momentarily during the lock up process 
and, yet, for the phase to be incorrect 50 that 
000 passes through Wi without the lock being 
achieved. This explains why lock is usually 
not achieved instantaneously, even when Wi 
= Wo at t = O. 

If n "" 0 in the first term, the loop can lock 
when Wi = (2n + 1)000, giving the dc phase 
detector component 

2AdVi 
---COSOi 
".(2n + 1) 

(Equation 9-18) 

showing that the loop can lock odd harmon­
ics ofthe center frequency. The (2n + 1) term 
in the denominator shows that the phase 
detector output is lower for harmonic lock, 
which explains why the lock range de­
creases as higher and higher odd harmon­
ics are used to achieve lock. 

Note also that the phase detector during 
lock is (assuming Ad is constant) also a 
function of the input amplitude Vi, Thus, for 
a given dc phase detector output Vd, an 
input amplitude decrease must be accom­
panied by a phase change. Since the loop 
can remain locked only for IIi between 0 and 
180·, the lower Vi becomes, the more re­
duced is the lock range. 

Going to the second term, we note that 
during lock the lowest possible frequency is 
Wo + Wi = 2Wi. A sum frequency component is 
always present at the phase detector output. 
This component is usually greatly attenuat­
ed by the low pass filter capaCitor connect­
ed to the phase detector output. However, 
when rapid tracking is required (as with 
high-speed FM detection or FSK-frequency 
shift keying), the requirementfor a relatively 
high frequency cutoff in the low pass filter 
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may leave this component unattenuated to 
the extentthat it interferes with detection, At 
the very least, additional filtering may be 
required to remove this component. Com­
ponents caused by n"" 0 in the second term 
are both attenuated and of much higher 
frequency, so they may be neglected. 

Suppose that we have other frequencies 
represented by Vk present. What is their 
effect for Vk "" O? 

The third term shows that Vk introduces 
another difference frequency component. 
Obviously, if Wk is close to Wi, it can interfere 
with the locking process since it may form a 
beat frequency of the same magnitude as 
the desired locking beat frequency, Sup­
pose lock has been achieved, however, so 
that Wo = Wi. In order for lock to be main­
tained, the average phase detector output 
must be constant. If wo = Wk is relatively low 
in frequency, the phase IIi must change to 
compensate for this beat frequency. Broad­
ly speaking, any signal in addition to the 
signal to which the loop is locked causes a 
phase variation. Usually this is negligible 
since Wk is often far removed from Wi. How­
ever, it has been stated that the phase Oi can 
move on Iy between 0 and 180· . Suppose the 
phase limit has been reached and Vk ap­
pears. Since it cannot be compensated for, 
it will drive the loop out of lock. This ex­
plains why extraneous Signals can result in 
a decrease in the lock range. If Vk is as­
sumed to be an instantaneous noise compo­
nent, the same effect occurs. When the full 
swing of the loop is being utilized, noise will 
decrease the lock or tracking range. We can 
reduce this effect by decreasing the cutoff 
frequency ofthe low pass fi Iter so that the Wo 
- Wk is attentuated to a greater extent, which 
illustrates that noise immunity and out-
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band frequency rejection is improved (at the 
expense of capture range since Wo .:. Wi is 
.Iikewise attenuated) when the low pass filter 
capacitor is large. 

The third term can have a dc component 
when Wk is an odd harmonic of the locked 
frequency so that (2n + 1) (wo - wi) is zero and 
lik makes its appearance. This will have: an 
effect on Iii which will change the Iii versus 
frequency Wi. This is most noticeable when 
the waveform of the incoming signal is, for 
example, a square wave. The lik term will 
combine with the Iii term so that the phase is 
a linear function of input frequency. Other 
waveforms will give different phase versus 
frequency functions. When the input ampli­
tude Vi is large and the loop gain is large, the 
phase will be close to 90° throughout the 
range of VCO swing, so this effect is often 
.unnoticed. 

The fourth term is of little consequence 
except that if wk approaches zero, the phase 
detector output will have a component at 
the locked frequency Wo at the output. For 
example, a.dc offset at the input differential 
stage will appear as·a square wave of funda­
mental Wo at the phase detector output This 
is usually small and well attenuated by the 
low pass filter. Since many out-band signals 
or noise components may be present, many 
Vk terms may be combining to influence 
locking and phase during lOck. Fortunately, 
we need only worry about those close to the 
locked frequency. 

The quadrature phase detector action is 
exactly the same except that its oUtput is 
proportional to the sine of the phase angle. 
When the phase Iii is 90°, the quadrature 
phase detector output is then at its maxi­
mum, which explains why it makesa useful 
lock or amplitude detector. The output of 
the quadrature phase detector is given by: 

(Equation 9"19) . 2AqVi . 
Vq = -rr-' Sin Iii 

where Vi is th.e constant or modulated AM 
signal and Oi ~900in most cases so that sine 
Oi = 1 and . , 

(Eq uation 9-20) 

Vq =2AqVi 
.rr 

This is the .demodulation prinCiple of the 
autodyne receiver· and the basis for the 567 
tone decoder operation .. 

FUNCTIONAL APPLICATIONS 

Low Pass Filter 

The simplest type of low pass filter for the 
second Order loop is a single pole RC type 
shown in Figure 9-5b.ln all Signetics' loops, 
the resistor is 'internal and the capaCitor is 
external. The inside resistor greatly im-
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prove$ the center freq uency stabil ity of the 
loop with temperature variations. Fortu­
nately, the capture range and loop damping 
are related to the square root of this internal 
resistor valu.e, so variations in its absolute 
value have little effect on loop performance. 
The nominal value of the internal resistorfor 
each loop is given in the circuit diagrams of 
the detailed circuit descriptions in this 
chapter. The typical tolerance on these 
integrated resistors is ±20%. 

As a functional building block, the phase 
locked loop is suitable for a wide variety of 
frequency related applications. These ap­
plications generally fall into one or more of 
the following categories: 

a. FM demodulation 
b. Frequency synthesizing 
c. Frequency synchronization 
d. Signal conditioning 
e. AM demodulation 

FM Demodulation 

If the PLL is locked to a freql,Jency modulat­
ed (FM) Signal, the veo tracks the in­
stantaneous frequency of the input signal. 
The filtered error voltage, which forces the 
veo to maintain lock with the input signal 
then becomes the demodulated FM output. 
The linearity of this demodulated signal 
depends solely on the linearity of the veo 
control-voltage-to-frequency transfer char­
acteristic. 

It should be noted that since the PLL is in 
lock during the FM demodulation process, 
the response is linear and can be' readily 
predicted from a root locus plot. 

FM demodulation applications are numer­
ous; however"some of the more popular are: 

BROADCAST FM DETECTION 
Here, the PLL can be used as a complete IF 
strip, limiter and FM detector which may be 
used for detecting either wide or narrow 

band FMsignals with greater linearity than 
can be obtained by other means. Forfre­
quencies within the range of the veo, the 
PLL functions as a self contained receiver 
since it combines the'furictions of frequen­
cy selectivity and demodulation, One in­
creasingly popular use of the PLL is in 
scanning-receivers where a number of 
broadcast channels may be sequentially 
monitored by simply varying the veo free­
running frequency, 

FM TELEMETRY 
This application involves demodulation of a 
frequency modulated subcarrier of the main 
channel. A popular example here is the use 
of the PLL to recover the SeA (storecast 
ml>lsic) signal from the combined signal of 
many commercial FM broadcast stations. 
The SeA signal is a 67kHz frequency modu­
lated subcarrier which puts it above the 
frequency spectrum of the normal stereo or 
monaural FM program material. By con­
necting the circuit of Figure 9-8 to a pOint 
between the FM discriminator and' the de­
emphasis filter of a commercial band (home) 
FM receiver and tuning the receiver to a 
station which broadcasts an SeA signal, 
one can obtain hours of commercial free 
background music. 

FREQUENCY SHIFT KEYING (FSK) 
This refers to what is essentially digital 
frequency modulation. FSK is a means for 
transmitting digital information by a carrier 
which is shifted between two discrete fre­
quencies. In this case, the two discrete 
frequencies correspond to a digital "1" and 
a digital "0," respectively, When the PLL is 
locked to a FSK signal, the demodulated 
output (error voltage) shifts between two 
discrete voltage levels, corresponding to 
the demodulated binary output. FSK tech­
niques are often used in modems 
(modulator-demodulators), intended for 
transmitting data over telephone lines, 

SCA DECODER 

Figure 9-8 
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FREQUENCY SYNTHESIZER 

Frequency Multiplication can be achieved 
with the PLL in two ways: 

a. Locking to a harmonic of the input signal 
b. Insertion of a counter (digital frequenQY 

divider) in the loop 

Harmonic locking is the simplest and can 
usually be achieved by setting the veo free­
running frequency to a multiple of the input 
frequency and allowing the PLL to lock. A 
limitation on this scheme, however, is that 
the lock range decreases as successively 
higher and weaker harmonics are used for 
locking. This limits the practical harmonic 
locking range to multiples of approximately 
less than ten. For larger multiples, the sec­
ond scheme is more desirable. 

A block diagram of the second scheme is 
shown in Figure 9-9. Here, the loop is bro­
ken between the veo and the phase com­
parator and a counter is inserted. In this 
case, the fundamental of the divided veo 
frequency is locked to the input frequency 
so that the veo is actually running at a 

multiple of the input frequency. The amount 
of multiplication is determined by the coun­
ter. An obvious practical application of this 
multiplication property, is the use of the PLL 
in wide range frequency synthesizers. 

In frequency multiplication applications it is 
important to take into account that the 
phase comparator is actually a mixer and 
that its output contains sum and difference 
frequency components. The difference fre­
quency component is dc and is the error 
voltage which drives the veo to keep the 
PLL in lock. The sum frequency compo­
nents (of which the fundamental is twice the 
frequency of the input signal) if not well 
filtered, will induce incijental FM on the 
veo output. This occurs because the veo 
is running at many times the frequency of 
the input signal and the sum frequency 
component which appears on the control 
voltage to the veo causes a periodic varia­
tion of its frequency about the desired multi­
ple. For frequency multiplication it is gener­
ally necessary to filter quite heavily to 
remove this sum frequency component. The 
tradeoff, of course, is a reduced capture 
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range and a more underdamped loop tran­
sient response. 

For the case of frequency fractionalization, 
both harmonic locking and frequency 
countdown could be used to generate, for 
instance, a frequency exactly 16/3 the input. 
In this case, the circuit of Figure 9-10 could 
be used with the initial veo frequency set to 
approximately 16/3 the expected input fre­
quency. The counter then divides the veo 
frequency by 16, and the input is locked to 
the 3rd harmonic of the counter output. 
Now the output can be taken as the veo 
output and it will be exactly 16/3 of the input 
frequency as long as the loop is in lock. 

Frequency translation can be achieved by 
adding a mixer and a low pass filter stage to 
the basic PLL as shown in Figure 9-11. With 
this system the PLL can be used to translate 
the frequency of a highly stable but fixed­
frequency reference oscillator by a small 
amount in frequency. 

In this case, the reference input fr and the 
veo output fo are applied to the inputs of 

BL()CK DIAGRAM OF 
FREQUENCY SYNTHESIZER USING 

FREQUENCY DIVIDER 

IMPLEMENTATION OF 
FREQUENCY SYNTHESIZER (565) 

Figure 9-9 

FREQUENCY TRANSLATION OR "OFFSET" LOOP 

OFFSET 
INPUT h 

OUTPUT 
L-______ fo '" fR+ f, 

Figure 9-11 

smnoties 

n'" 16 

Figure 9-10 
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the mixer stage. The mixer output is made 
up of the sum and the difference compo­
nents of fr and fo. The sum component is 
filtered by the first low pass filter. The trans­
lation or offset frequency f1 is applied to the 
phase comparator along with the fr - fo 
component of the mixer output. When the 
system is In lock, the two inputsofthe phase 
comparator are at identical frequency, that 
is, 

(Equation 9-21) 

fo - fA = f1 or fo = fA + f1 

Frequency Synchronization 
Using the phase locked loop system, the 
frequency of the less precise veo can be 
phase locked with a low level but highly 
stable reference signal. Thus, the veo out­
put reproduces the reference signal fre­
quency at the same per-unit accuracy, but 
at a much higher power level. In some 
applications, the synchronizing signal can 
be in the form of a low duty cycle burst at a 
specific frequency. Then, the PLL can be 
used to regenerate a coherent ew reference 
frequency locking onto this short synchro­
nizing pulse. A typical example of such an 
application is seen in the phase locked 
chroma-reference generators of color tele­
vision receivers. 

In digital systems, the PLL can be used for a 
variety of synchronization functions. For 
example, two system clocks can be phase 
locked to each other such that one can 
function as a backup for the other; or PLLs 
can be used in synchronizing disk or tape 
drive mechanisms in information storage 
and retrieval systems. In pulse-code modu­
lation (peM) telemetry receivers or in re­
peater systems, the PLL is ~sed for bit syn­
chronization. 

\ 
Other popular applications include locking 
to WWVB to generate an inexpensive labo­
ratorY frequency standard and synchroniz­
ing tape speed for playback of a tape re­
corded at an irregular speed. 

Signal Conditionln'st . 
By proper choice of the veo free-running 
frequency, the PLL can be made to lock to 
,my'. one of a number of signals present at 
the input. Hence, the veo output repro­
duces the frequency of the desired signal, 
while greatly attenuating the undesired fre­
quencies of sidebands present at the input. 

If the loop bandwidth is sufficiently narrow, 
the signal-to-noise ratio at the veo output 
can be much better than that at the input. 
Thus, the PLL can be used as a noise filter 
for regenerating weak signals buried in 
noise. 
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AM Demodulation 
AM demodulation may be achieved with 
PLL by the scheme shown in Figure 9~12. In 
this mode of operation, the PLL functions as 
a synchronous AM detector. The PLL locks 
on the carrier of the AM signal so that the 
veo output has the same frequency as that 
of the carrier but no amplitude modulation. 
The demodulated AM is then obtained by 
multiplying the veo signal with the modu­
lated input signal and filtering the output to 
remove all but the difference frequency 
component. It may be recalled from the 
initial discussion that when the frequency of 
the input signal is identical to the free­
running frequency of the veo, the loop 
goes into lock with these signals 90· out of 
phase. If the input is now shifted 90° so that 
it is in phase with the veo signal and the 
two signals are mixed in a second phase 
comparator, the average dc value (differ­
ence frequency. component) of the phase 
comparator output will be directly propor­
tional to the amplitude of the input signal. 

The PLL still exhibits the same capture 
range phenomena discussed earlier so that 
the loop has an inherent high degree of 
selectivity centered about the free-running 
VeOfrequency. Because this method is 
essentially a coherent detection technique 
which involves averaging of the two com­
pared signals, it offers a higher degree of 
noise immunity than can be obtained with 
conventional peak-detector-type AM de-
modulators. . 

GENERAL LOOP SETUP 
AND TRADEOFFS 
In a given application, maximum PLL effec­
tiveness can be achieved if the user under­
stands the tradeoffs which can be made. 
Generally speaking, the user is free to select 
the frequency, tracking or lock range, cap­
ture range and input amplitude. 

Center Frequency Selection 
Setting the center frequency is accom­
plished by selecting one or two external 

components. The center frequency is usual­
ly set in the center of the expected input 
frequency range. Since the loop's ability to 
capture is a function of the difference be­
tween the incoming and free-running fre­
quencies, the band edges of the capture 
range are always an equal distance (in Hz) 
from the center frequency. Typically, the 
lock range is also centered about the free­
running frequency. Occasionally, the cen­
ter frequency is chosen to be offset from the 
incoming so that detection or tracking 
range is limited on one side. This permits 
rejection of an adjacent higher or lower 
frequency signal without paying the penalty 
for narrow band operation (reduced track­
ing speed). 

All of Signetics' loops use a multiplier in 
which the input signal is multiplied by a 
unity square wave at the veo frequency. 
The odd harmonics present in the square 
wave permit the loop to lock to input signals 
at these odd harmonics. Thus, the center 
frequency may be set to, say, 1/3 or 1/5 of 
the input signal. The tracking range, how­
ever, will be considerably reduced as the 
higher harmonics are utilized. 

The foregoing phase detector discussion 
would suggest that the PLL cannot lock to 
subharmonics because the phase detector 
cannot produce a dc component if CUi is less 
than wa. 

The loop can lock to both odd harmonic and 
subharmonic signals in practice because 
such signals often contain harmonic com­
ponents at fo. Forexample, a square wave of 
fundamental fo/3 will have a substantial 
component at fo to which the loop can lock. 
Even a pure sine wave input signal can be 
used for harmonic locking if the PLL input 
stage is overdriven (the resultant internal 
limiting generates harmonic frequencies). 
Locking to even harmonics or subharmon­
ics is the least satisfactory since the input or 
veo signal must contain second harmonic 
distortion. If locking to even harmonics is 
desired, the duty cycle of the input and veo 
signals must be shifted away from the sym-

COHERENT AMPLITUDE­
MODULATION DETECTION USING 

A PHASE-LOCKED LOOP 

Figure 9-12 
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metrical to generate substantial even har­
monic content. 

In evaluating the loop for a potential appli­
cation, it is best to actually compute the 
magnitude of the expected signal compo­
nent nearest fa. This magnitude can be used 
to estimate the capture and lock range. 

All of Signetics' loops are stabilized against 
center frequency drift due to power supply 
variations. Both the 565 and the 567 are 
temperature compensated over the entire 
military temperature range (-55 to +1250 C). 
To benefit from this inherent stability, how­
ever, the user must provide equally stable 
(or better) external components. For maxi­
mum cost effectiveness in some noncritical 
applications, the user may wish to trade 
some stability for lower cost external com­
ponents. 

Tracking or Lock Range Control 
Two things limit the lock or tracking range. 
First, any VCO can only swing 50 far; if the 
input signal frequency goes beyond this 
limit, lock will be lost. Second, the voltage 
developed by the phase detector is propor­
tional to the product of both the phase and 
the amplitude of the in-band component to 
which the loop is locked. If the signal ampli­
tude decreases, the phase difference be­
tween the signal and the VCO must increase 
in order to maintain the same output voltage 
and, hence, the same frequency deviation. It 
often happens with low input amplitudes 
that even the fu II ±90° phase range of the 
phase detector cannot generate enough 
voltage to allow tracking wide deviations. 
When this occurs, the effective lock range is 
reduced. We must, therefore, give up some 
tracking capability and accept greater 
phase errors if the input signal is weak. 
Conversely, a strong input signal will allow 
us to use the entire VCO swing capability 
and keep the VCO phase (referred to the 
input signal> very close to 900 throughout 
the range. Note that tracking range does not 
depend on the low pass filter. However, if a 
low pass filter is in the loop, it will have the 
effect of limiting the maximum rate atwhich 
tracking can occur. Obviously, the LPF 
capacitor voltage cannot change instantly, 
so lock may be lost when large enough step 
changes occur. Between the constant fre­
quency input and the step-change frequen­
cy input is some limiting frequency slew rate 
at which lock is just barely maintained. 
When tracking at this rate, the phase differ­
ence is at its limit of 0 or 1800 • It can be seen 
that if the LPF cutoff frequency is low, the 
loop will be unable to track as fast as if the 
LPF cutoff frequency is higher. Thus, when 
maximum tracking rate is needed, the LPF 
should have a high cutoff frequency. How­
ever, a high cutoff frequency LPF will atten-

uate the sum frequencies to a lesser extent 
so that our output contains a significant and 
often bothersome signal at twice the input 
frequency. (Remember that the multiplier 
forms both the sum and difference frequen­
cies. During lock, the difference frequency 
is zero, but the sum frequency of twice the 
locked frequency is still present.! This sum 
frequency component can then be filtered 
out with an external low pass filter. 

Capture Range Control 
There are two main reasons for making the 
low pass filter time constant large. First, a 
large time constant provides an increased 
memory effect in the loop so that it remains 
at or near the operating frequency during 
momentary fading or loss of signal. Second, 
the large time constant integrates the phase 
detector output so that increased immunity 
to noise and out-band signals is obtained. 

Besides the lower tracking rates attendant 
to large loop filters, other penalties must be 
paid for the benefits gained. The capture 
range is reduced and the captu re transient 
becomes longer. Reduction of capture 
range occurs because the loop must utilize 
the magnitude of the difference frequency 
component at the phase detector to drive 
the VCO towards the input frequency. If the 
LPF cutoff frequency is low, the difference 
component amplitude is reduced and the 
loop cannot swing as far. Thus, the capture 
range is reduced. 

Choice of Input Level 
Whenever amplitude limiting of the in-band 
signal occurs, whether in the loop input 
stages or prior to the input, the tracking 
(lock) and capture range becomes inde­
pendent of signal amplitude. 

Better noise and out-band signal immunity 
is achieved when the input levels are below 
the limiting threshold since the input stage 
is in its linear region and the creation of 
cross-modulation components is reduced. 
Higher input levels will allow somewhat 
faster operation due to greater phase 
detector gain and will result in a lock range 
which becomes constant with amplitude as 
the phase detector gain becomes constant. 
Also, high input levels will result in a linear 
phase versus frequency characteristic. 

Lock-Up Time and Tracking Speed 
Control 
In tracking applications, lock-up time is 
normally of little consequence, but occa­
sions do arise when it is desirable to keep 
lock-up time short to minimize data loss 
when noise or extraneous signals drive the 
loop out of lock. Lock-up time is of great 
importance in tone decoder type applica-
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tions. Tracking speed is important if the 
loop is used to demOdulate an FM signal. 
Although the following discussion dwells 
largely on lock-up time, the same comments 
apply to tracking speed. 

No simple expression is available which 
adequately describes the acquisition or 
lock-up time. This may be appreCiated when 
we review the following factors which 
influence lock-up time. 

a. Input phase 
b. Low pass filter characteristic 
c. Loop damping 
d. Deviation of input frequency from center 

frequency 
e. In-band input amplitude 
f. Out-band signals and noise 
g. Center frequency 

Fortunately, it is usually sufficient to know 
how we can improve the lock-up time and 
what we must tradeoff to get faster lock-up. 
Suppose we have set up a loop or tone 
decoder and find that occasionally the lock­
up transient is too long. What can be done to 
improve the situation-keeping in mind the 
factors that influence lock? 

a. Initial phase relationship between incom­
ing signal and VCO - This is the greatest 
single factor influencing the lock time. If 
the initial phase is wrong, itfirst drives the 
VCO frequency away from the input 
frequency so that the VCO frequency 
must walk back on the beat notes. Figure 
9-13 gives a typical distribution of lock­
up times with the input pulse initiated at 
random phase. The only way to over­
come this variation is to send phase 
information all the time so that a favor­
able phase relationship is guaranteed at t 
= O. For example, a number of PLLs or 
tone decoders may be weakly locked to 
low amplitude harmonics of pulse train 
and the transmitted tone phase-related to 
the same pulse train. Usually, however, 
the incoming phase cannot be con­
trolled. 

b. Low pass filter - The larger the low pass 
filter time constant, the longer will be the 
lock-up time. We can reduce lock-up time 
by decreasing the filter time constant, but 
in doing so, we sacrifice some of the 
noise immunity and out-band signal 
rejection which caused us to use a large 
filter in the first place. We must also 
accept a sum frequency (twice the VCO 
frequency) component at the low pass 
filter and greater phase jitter resulting 
from out-band signals and noise. In the 
case of the tone decoder (where control 
of the capture range is required since it 
specified the device bandwidth) a lower 
value of low pass capacitor automatically 
increases the bandwidth. We gain speed 
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only at the expense of added bandwidth: 
c. Loop damping-Loop damping for a sim­

ple time constant low pass filter is: 

1 ~ ~ (Equation 9-22) 

'="2V Tv 

Damping can be increased not only by 
reducing T, as discussed above, but also 
by reducing the loop gain Ky. By using the 
loop gain reduction to control bandwidth 
or capture and lock· range, we achieve 
better damping for narrow bandwidth 
operation. The penalty for this damping 
is that more phase detector output is 
required for a given deviation so that 
phase errors are greater and noise 
immunity is reduced. Also, more input 
drive may be required for a given devia­
tion. 

d. Input frequency deviation from free­
running frequency-Naturally, the fur­
ther an applied input signal is from the 
free-running frequency of the loop, the 
longer it will take the loop to reach that 
frequency due to the charging time of the 
low pass filter capacitor. Usually, how­
ever, the effect of this frequency devia­
tionis small compared to the variation 
resulting from the initial phase uncertain­
ty. Where loop damping is very low, 
however, it may be predominant. 

e. In-band input amplitude-Since input 
amplitude is one factor in the phase 
detector gain Kd and since Kd is a factor 
in the loop gain Ky , damping is also a 
function of input amplitude. When the 
input amplitude is low, the lock-up time 
may be limited by the rate·at which the 
low pass capacitor can charge with the 

reduced phase detector output (see d 
above). 

f. Out-band signals and noise-Low levels 
of extraneous signals and noise have very 
little effect on the lock-up. time, neither 
improving or degrading it. However, 
large levels may overdrive the loop input 
stage so that limiting occurs, at which 
point the in-band signal starts to be 
suppressed. The lower effective input 
level can cause the lock-up time to in­
crease, as discussed in e above. 

g. Center frequency-Since lock-up ·time 
can be described in terms of the number 
of cycles to lock, fastest lock-up is 
achieved at higher frequencies. Thus, 
whenever a system can be operated at a 
higher frequency, lock will typically take 
place faster. Also, in systems where 
different frequencies are being detected, 
the higher frequencies on the average 
will be detected before the lower freq uen­
cies. However, because of the wide 
variation due to initial phase, the reverse 
may be true for any single trial. 

PLL MEASUREMENT 
TECHNIQUES 
This section deals with user measurements 
of PLL operation. The techniques suggest­
ed are meant to help the user in evaluating 
the performance of his PLL during the initial 
setup period as well as to pOint out some 
pitfalls that may obscure loop evaluation. 
Recognizing that the user's test equipment 
may be limited, we have stressed the 
techniques which require a minimum. of 
standard test items. 

Center Frequency 
Center frequency measurements are easily 
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made by connecting a frequency counter or 
oscilloscope to the veo output of the loop. 
The loop should be connected in its final 
configuration with the chosen values of 
input, bypass and low pass filter capacitors. 
No input signal should be present. As the 
center frequency is read out, it can be 
adjusted to the desired value by the adjust­
ment means selected for the particular loop. 
It is important not to make the frequency 
measurement directly at the timing capaci­
tor unless the capacity added by the 
measurement probe is much less than the 
timing capacitor value since the probe 
capacity wiil then cause a frequency error. 

When the frequency measurement is to be 
converted to a dc voltage for production 
readout or automated testing, a calibrated 
phase locked loop can be used as a 
frequency meter (see ApplicationsSectionJ. 

Capture and Lock Range 
Figure 9-14a shows a typical measurement 
setup for capture and lock range measure­
ments. The signal input from a variable 
frequency oscillator is swept linearly 
through the frequency range of interest and 
the loop FM output is displayed on a scope 
or (at lower frequencies) X-V recorder. The 
sweep voltage is applied to the X axis. 

Figure 9-14b shows the type of trace which 
results. The lock range (also called hold-in 
or tracking range) is given by the outer lines 
on the trace, which are formed as the 
incoming frequency sweeps away from the 
center frequency. The inner trace, formed 
as the frequency sweeps toward the center 
frequency, designates the capture range. 
Linearity of the VCO is revealed by the 
straightness of the trace portion within the 
lock range. The slope (tJ.fltJ.V) is the gain or 
conversion factor for the veo. 
By using the sweep technique, the effect on 
center frequency, capture range and lock 
range of the input amplitude, supply volt­
age, low pass filter and temperature can be 
examined. 

Because of the lock-up time duration and 
variation, the sweep frequency must be very 
much lower than the center frequency, 
especially when the capture range is below 
10% of center frequency. Otherwise, the 
apparent. capture and lock range will be a 
function of sweep frequency. It is best to 
start sweeping as slow as possible and, if 
desired, increase the rate untii capture 
range begins to show an apparent 
reduction-indicating that the sweep is too 
fast. Typical sweep frequencies are in the 
range of 1/1 000 to 1/100,000 of the center 
frequency. In the case of the 561 and 567, 
the quadrature detector output may be 
simi,larly displayed on the Y axis, as shown 
in Figure 9-15, showing the output level 
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versus frequency for one value of input 
amplitude. 

Capture and lock range measurements may 
also be made by sweeping the generator 
manually through the band of interest. 
Sweeping must be done very slowly as the 
edges of the capture range are approached 
(sweeping toward center frequency) or the 
lock-up transient delay will cause an error in 
reading the band edge. Frequency should 
be read from the generator rather than the 
loop veo because the veo frequency 
gyrates wildly around the center frequency 
just before and after lock. Lock and unlock 
can be readily detected by simultaneously 
monitoring the input and veo Signals, the 
dc voltage at the low pass filter or the ac beat 
frequency components atthe low pass filter. 
The latter are greatly reduced during lock as 
opposed to frequencies just outside of lock. 

FM and AM Demodulation 
Distortion 
These measurements are quite straightfor­
ward. The loop is simply setup for FM or AM 
(561 or 567) detection and the test signal is 
applied to the input. A spectrum analyzer or 
distortion analyzer (HP 333A) can be used to 
measure distortion at the FM or AM output. 

For FM demodulation, the input signal 
amplitude must be large enough so that lock 
is not lost at the frequency extremes. The 
data sheets give the lock (or tracking) range 
as a function of input signal and the optional 
range control adjustments. Due to the 
inherent linearity of the veos, it makes little 
difference whether the FM carrier is at the 
free-running frequency or offset slightly as 
long as the tracking range limits are not 
exceeded. 

The faster the FM modulation in relation to 
the center frequency, the lower the value of 
the capacitor in the low pass filter must be 
.for satisfactory tracking. As th.is value 
decreases, however, it attentuates the sum 
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frequency component of the phase detector 
output less. The demodulated signal will 
appear to have greater distortion unless this 
component is filtered out before the distor­
tion is measured. The same comment 
applies to the measurement of AM distor­
tion on the 561. 

When AM distortion is being measured, the 
carrier frequency offset becomes more 
important. The lowest absolute value of 
carrier voltage at the modulation valleys 
must be high enough to maintain lockatthe 
frequency deviation present. Otherwise, 
lock will periodically be lost and the 
distortion will be unreasonable. For exam­
ple, the typical tracking range as a function 
of input signal graph in the 561 data sheet 
gives a total 3% tracking range at 0.3mVrms 
input. Thus, for a carrier deviation of 1.5%, 
the carrier must not drop below 0.3Vrms in 
the modulation valleys. Naturally, the AM 
arnplitude must not be too high or the AM 
information will be suppressed. 

9!!)IOliC9 

Natural Frequency (wn) 
Expressions for the natural frequency in 
terms of the loop gains and filter parameters 
are given in Table 9-2. 

Expressions for w nand , in 
Second Order Loop 
The natural frequency (am) of a loop in its 
final circuit configuration can be measured 
by applying a frequency modulated signal 
of the desired amplitude to the loop (Table 
9-2 shows that the natural frequency is a 
function of Kd, in turn a function of input 
amplitude). As the modulation frequency 
(rum) is increased, the phase relationship 
between the modulation and recovered sine 
wave will go through 90· at Sm = run and the 
output amplitude will peak. 

Damping m 
As shown in Table 9-2 in the discussion on 
low pass filter, damping is a function of Ko, 
Kd and the low pass filter. SinceKoand kd are 
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functions of center frequency and input 
amplitude, respectively, damping is highly 
dependent on the particular operating 
condition of the loop. Damping estimates 
for the desired operating condition can be 
made by applying an input signal which IS 
frequency modulated within the lock range 
by a square wave. The low pass filter voltage 
is then monitored on an oscilloscope which 
is synchronized to the modulating wave­
form, as shown in Figure 9-16. Figure 9-17 
shows typical waveforms displayed. The 
loop damping can be estimated by compar­
ing the number and magnitude of the 
overshoots with the graph of Figure 9-18, 
which gives the transient phase error due to 
a step in input frequency. 

Another way of estimating damping Is to 
make use of the frequency response plot 
measured for the natural frequency (am) 

measurement. For low damping constants, 
the frequency response measurement peak 
will be a strong function of damping. For 
high damping constants, the 3dB-down 
point will give the damping. Table 9-3 gives 
the approximate relationship. 

MEASUREMENT SETUP FOR DISPLAY 
OF LOOP TRANSIENT RESPONSE 

Figure 9-16 
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EXPRESSIONS FOR "'n and, IN SECOND ORDER LOOP 

LOOP FILTER TYPE 
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11 = R,e i~2 ::T T2 = R2C 

0 1"0 0 I 0 

NATURAL FREQUENCYrun 
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HIGHLY OVER DAMPED { > 10 TRANSIENT PHASE ERROR AS 
AN INDICATION OF DAMPING 

Figure 9-17d 

ESTIMATING DAMPING FROM 
MODULATING FREQUENCY 
(com) RESPONSE 

PEAK AMPLITUDE 

LOW FREQUENCY 
AMPLITUDE 

.3 6.0dB 

.5 3.2dB 

.7 2.2dB 
1.0 1.3dB 
5.0 .5dB 

Table 9-3 

Noise Effects 

co - 3dB 
COn 

1.8 

2.1 

2.5 

4.3 

10 

The effect of input noise on loop operation 
is very difficult to predict. Briefly, the input 
noise components near the center frequen­
cy are converted to phase noise. When the 
phase noise becomes so great that the ±90° 
permissible phase variation is exceeded, the 
loop drops out of lock or fails to acquire 
lock. The best technique is to actually apply 
the anticipated noise amplitude and band­
width to the input and then perform the 
capture and lock range measurements as 
well as perform operating tests with the 
anticipated input level and modulation devi­
ations. By including a small safety factor in 
the loop design to compensate for small 
processing variations, satisfactory opera­
tion can be assured. 

Simplified Measurement 
Equipment 
The majority of the PLL tests described can 
be done with a signal generator, a scope and 
a frequency counter. Most laboratories have 
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these. A low-cost digital voltmeter will facili­
tate accurate measurement of. the VCO 
conversion gain. Where the need for a FM 
generator arises, it may be met in most 
cases by the VCO of a Signetics PLL. (See 
the applications in this sectionJ Any of the 
loops may be set up to operate as a VCO by 
simply applying the modulating voltage to 
the low pass filter terminaJ(sl. The resulting 
generator may be checked for linearity by 
using the counter to check frequency as a 
function of modulating voltage. Since the 
VCOs may be modulated right down to dc, 
the calibration may be done in steps. More­
over, Gardner> shows how loop measure­
ments may be made by applying a constant 
frequency to the loop input and the modu­
lating signal to the low pass filter terminal to 
simulate the effect of a FM input so that a FM 
generator may be omitted for many meas­
urements. 
"See references 

SIGNETICS MONOLITHIC 
PHASE LOCKED LOOPS 

Detailed Description of 560N, 
561 Nand 562N, 564N 
The 560N, 561 Nand 562N phase locked 
loops are all derived from the same mono­
lithic die with different metal interconnec­
tions. Each device contains the same VCO, 
phase detector and voltage regulator stage 
and, hence, the basic loop parameters are 
the same for all three circuits. 

The 560N is the most fundamental of the 
three circuits, having a block diagram 
equivalent to that shown in Figure 9-1. The 
actual circuit diagram is shown in Figure 9-
19. 

G~nl!tiCG 

°r7 
'-f3 

w"' 
Figure 9-18 

The VCO is a high frequency emitter­
coupled multivibrator formed by transistors 
011-014. It operates from a regulated 7.7V 
supply formed by 6.3V supply formed by 
Zener diode CR1 (a reverse-biased base­
emitter junction) in series with the 14V regu­
lated supply. The VCO frequency is thus 
immune from supply voltages variations. 
Four constant current sources formed by 
020, 021, 023, 024, and biased by CR6 and 
CR7, supply operating current for the VCO. 
Voltage control olthe frequency is achieved 
by a differential amplifier, 022 and 025. As 
the base voltage of 022 increases with 
respect to the base voltage of 025, addition­
al current is supplied to the emitters of 012 
and 013, increasing the charge and dis­
charge current of the timing capacitor Co, 
increasing the VCO frequency. Reducing 
the base voltage of 022 with respect to 025 
similarly reduces the VCO frequency. Two 
Zener diodes and two transistors, CR4, 
CR5, 05 and 010, respectively, provide 
level shifting which allows the VCO to be 
driven by the outputs of the phase detector. 

The phase detector is a doubly-balanced 
multiplier formed by transistors 06-09,017 
and 018. Signal input is made to the lower 
stage, biased at about 4V by means of 2kn 
base resistors. The upper stage is biased 
and driven directly by the VCO output taken 
from the collector resistors of 012 and 013. 
A differential output signal is available be­
tween the collectors of 06 (and 08) and 07 
(and 09). An external network, together with 
the 6k collector resistors, comprises the low 
pass filter. The phase detector is operated 
from regulated 14V appearing at the emitter 
of 027. A resistor in the collector of 025 can 
be shunted with an external capacitor to 
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form a de-emphasis filter. The de­
emphasized signal is buffered by emitter 
follower Q19 before being brought out. 

The Track Range input, pin 7 on all three 
loops, allows the user to control the total 
current flowing through the frequency con­
trolling differential amplifier Q22, Q25. This 
is done by controlling effective emitter re­
sistance of Q29, the current source for Q22, 
Q25. Current may be added or subtracted at 
pin 7 to, respectively, reduce or increase the 
tracking range. 

The 561, shown in Figure 9-20, contains all 
of the circuitry of the 560 and in addition, 
has a quadrature phase comparator. This 
enables it to be used as a synchronous AM 
detector. The quadrature phase detector 
consists of transistors Q1-Q4 and Q15, Q16 
which are biased and driven in the same 
manner as the loop phase. detector. How­
ever, the quadrature detector input is single 
ended rather than differential (as the loop 
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PHASE COMPARATOR 

phase detector input) and the external 90° 
phase shift network is required to provide 
the proper phase relations. The demodulat­
ed AM output is brought out at pin 1. 

The 562, shown in Figure 9-21, is basically 
the same as the 560 except that the loop is 
broken between the VCO and phase com­
parator. This allows a counterto be inserted 
in the loop for frequency multiplication 
applications. Transistors Q1-Q4 provide 
low impedance differential VCO outputs 
(pins 3 and 4), and the upper stage phase 
detector inputs are brought out of the 
package (pins 2 and 15). A bias voltage is 
brought out through pin 1 to provide a 
convenient bias level for the upper stage of 
the phase detector. 

Interfacing 
Connection of the Signetics 560N and 561 N 
phase locked loops to external input and 

Si!lnOliCS 

3K 

j--t~VVv----O@ 
OFFSET 

CONTROL 

output circuitry is readily accomplished; 
however, as with any electrical system, 
there are voltage, current and impedance 
limitations that must be considered. 

The inputs of the phase comparators in the 
560N, 561N and 562N and the AM detector 
in the 561 N are biased internally from a +4 
volt supply; therefore, the input signals 
must be capacitively coupled to the PLL to 
avoid interfering with this bias. These 
coupling capacitors should be selected to 
give negligible phase shift at the input 
frequency and impedance of the PLL. (The 
capacitive impedance at the operating 
frequency should be as small as pOSSible, 
compared to the input resistance of the 
PLU 

The input resistance of the phase compara­
tor is 20000 single-ended, and 40000 when 
differentially connected. The input resist­
ance of the AM detector is 30000. The signal 
input to the phase comparator may be ap-
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SCHEMATIC DIAGRAM OF 561N 
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plied differentially if there is a common 
mode noise problem; however, in most 
applications, a single-ended input will be 
satisfactory, When inputs are not used 
differentially, the unused input may be ac­
coupled to ground to double the phase 
detector gain at low input amplitudes. 

The amplitude of the input signal should be 
adjusted to give optimum results with the 
PLL. Signals of less than O.2mVrms may 
have an unsatisfactory signal-to-noise ratio; 
signals exceeding 25mVrms will have re­
duced AM rejection lIess than 30dBl. The 
AM detector will handle input signals up to 
200mV peak-to-peak without excessive 
distortion, and will handle up to 2V peak-to­
peak where distortion is not a factor. 

Interfacing of the available outputs is best 
described by referring to the following dia­
grams. Figure 9-22 shows the PLL VCO 
output as a clock circuit for logic pulse 
synchronization. Figures 9-22a and 9-22b 
show the 560N and 561 N, respectively, con­
nected directly to the clock circuit; however, 
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veo ~K 

1.21( RANGE 

Figure 9-20 

this configuration may be limited by low 
voltage and the possibility of too large a 
capacitive load swamping the oscillator. 
Figures 9-22c and 9-22d show the PLL clock 
output for the 560N and 561 N, respectively, 
using the I'A710 Voltage Comparator as a 
buffer amplifier to provide an output voltage 
swing suitable for driving logic circuits. The 
power supply for circuits utilizing the I'A710 
is split (+12 and -6V dc). 

In Figure9-23a the 560N is a FM demodula­
tor used for the detection of audio informa­
tion on frequency modulated carriers. Since 
the lower frequency limit of this type of 
information is approximately 1 Hz, capaci­
tive coupling may be used. However, in 
some applications where carrier shifts 
occur at an extremely slow rate, direct 
coupling from the output to load is neces­
sary. Figure 9-23b shows an alternative FM 
detector output configuration which should 
be used if a different output is desirable. In 
this case, the output is removed at pins 14 
and 15. These pins are the terminals of the 
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low pass filter and are in the line containing 
the demodulated signal. The signal level 
(single-ended) is about one-sixth of that at 
pin 9 so that additional amplification may be 
required. 

Additional receiving modes are illustrated in 
Figure 9-24 for the 561N only. Figure 9-24a 
shows the 561 N output when used as an AM 
detector; note the straight capacitive cou­
pling. Figure 9-24b shows the 561 N used as 
a continuous wave detector. Since this ver­
sion of the circuit is for the detection of CW 
or AM Signals, external circuitry must be 
incorporated for use with CW inputs. With a 
CW input applied, there will be a dc shift at 
the output of the AM detector, pin 1. This 
shift is small compared to the no signal de 
level and may be difficult to detect in rela­
tion to power supply voltage changes. 
Therefore, a reference must be generated to 
track any power supply voltage variations 
and to compensate for internal PLL thermal 
drift. This is best accompanied by simulat­
ing a portion of the PLL internal structure. 
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The 2N3565 npn transistor is used as a 
constant-current source. Its reference volt­
age is obtained from an internal PLL bias 
source at pins 12 and 13, with the current 
level established by the 6.8k resistor. The 
6.2k resistor and the 2.5k potentiometer 
simulate the PLL output resistance. The 
differential amplifier, composed of two 
2N3638 pnp transistors, amplifies the dc 
output and allows it to drive a npn transistor 
referenced to ground. This type of circuit 
may also be used as a tone detector or to 
sense that the PLL is locked to an incoming 
signal. 

The 562 phase locked loop is especially 
designed for utilizing the output of the veo. 
In this configuration, an amplifier-buffer 
has been added to the veo to provide 
differential square wave outputs with a 4.5V 
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amplitude (see block diagram Figure 9-25l. 
This facilitates the utilization of the frequen­
cy stabilized veo as a timing or clocking 
signal. The outputs (pins 3 and 4) are 
emitter-followers and have no internal load 
resistors; therefore, external3k to 12kOIoad 
resistors are required. 

It is essential that the resistance from each 
pin to ground .be equal in order to maintain 
output waveform symmetry and to minimize 
frequency drift. When locking the veo out­
put to the phase comparator (pins 3 to 2 for 
single-ended connection), capacitive cou­
pling should be used. If a signal exceeding 
2V is to be applied, a 1 kO resistor should be 
placed in series with the coupling capacitor. 
This resistor may be part of the load resist­
ance of 12kO, by using two resistors (1kand 
11k) to form the veo load, as shown in 
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The output from the veo is a minimum of 
3V peak-to-peak, but has an average level of 
12Vdc; that is, it oscillates from 10.5 to 
13.5V. To utilize this output with logic cir­
cuits, some means of voltage level shifting 
must be used. Figures 9-27 and 9-28 show 
two methods of accomplishing level shift­
ing. Thesecircuits will operate satisfactorily 
to 20MHz. 

The phase comparator inputs of the 562N 
(pins 2 and 15) must be biased by connect­
ing a 1 kO resistor from each pin to the 8V 
bias supply available at pin 1. Pin 1 should 
be capacitively bypassed to ground. The 
inputs to the phase comparator should be 
capacitively coupled. 
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FUNCTIONAL DESCRIPTION 
The NE564 is a monolithic phase locked 
loop with a post detection processor. The 
equivalent circuit of the NE564 is shown in 
Figure 9-28a. The use of Schottky clamped 
transistors and optimized device geome­
tries extends the frequency of operation to 
50MHz. In addition to the classical PLL 
applications, the NE564 can be used as a 
modulator with a controllable frequency 
deviation. 

The output voltage of the PLL can be written 
as shown in the following equation: 

Vo = (fin - fo) 
(Equation 9-23) 

~ 
Kvco= conversion gain of the VCO 
fin = frequency of the Input signal 
fo = free running frequency of the VCO 

The process of recovering FSK signals 
involves the conversion of the PLL output 
into digital, logic compatible signals. For 
high data rates, a considerable amount of 
carrier will be present at the output due to 
the use of complicated filters, a comparator 
with hysteresis or Schmitt trigger is re­
quired. With the conversion gain of the veo 
fixed, the output voltage as given by 
Equation 9-23 varies according to the 
frequency deviation of fin from fo. Since this 
differs from system to system, it is neces­
sary that the hysteresis of the Schmitt 
trigger be capable of being changed, so that 
it can be optimized for a particular system. 
This is accomplished in the 564 by varying 
the voltage at pin 15 which results in a 
change of the hysteresis of the Schmitt 
trigger. 

For FSK signals, an important factor to be 
considered is the drift in the free running 
frequency of the veo itself. If this changes 
due to temperature, according to Equation 
9-23 it will lead toachange in thedc levels of 
the PLL output, and consequently to errors 
in the digital output signal. This is especially 
true for narrow band signals where the 
deviation in fin itself may be less than the 
change in fa due to temperature. This effect 
can be eliminated if the dc or average value 
of the signal is retrieved and used as the 
reference to the comparator. I n this manner, 
variations in the dc levels of the PLL output 
do not affect the FSK output. 

VCO Section 
Due to its inherent high frequency perform­
ance, an emitter coupled oscillator is used 
in the veo. In the circuit, shown in the 
equivalent schematic, transistors 021 and 
023 with current sources 025 - 026 form 
the basic oscillator. The free running 
frequency of the oscillator is shown in the 
following equation: 
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(Equation 9-24) 
1 

fo = 16RcC1 

Rc= R19 = R20 
C1 = frequency setting external capaCitor 

Variation of V d changes the frequency of the 
oscillator. As indicated by Equation 9-24, 
the frequency of the oscillator has a nega­
tive temperature coefficient due to the 
positive temperature coefficient of the 
monolithic resistor. To compensate for this, 
a current IA with negative temperature 
coefficient is introduced to achieve a low 
frequency drift with temperature. 

Phase Comparator Section 
The phase comparator consists of a double 
balanced modulator with a limiter amplifier 
to improve AM rejection. Schottky clamped 
vertical PNPs are used to obtain TTL level 
inputs. The loop gain can be varied chang­
ing the current 04 and 015 which effective­
ly changes the gain of the differential 
amplifiers. This can be accomplished by 
introducing a current at pin 2. 

Post Detection. Processor 
Section 
The post detection processor consists of a 
unity gain transconductance amplifier and 
comparator. The amplifier can be used as a 
dc retriever for demodulation of FSK 
signals, and as a post detection filter for 
linear FM demodulation. The comparator 
has adjustable hysteresis so that phase jitter 
in the output signal can be eliminated. 

As shown in the equivalent schematic, the 
dc retriever is formed by the transconduct­
ance amplifier 042 - 043 with a capacitor at 
the output (pin 14). This forms an integrator 
whose output voltage is shown in the 
following equation: 

(Equation 9-25) 
gm (, 

Vo = C2 JVIN dt 

gm= transconductance of .the amplifier 
C2= capacitor at the output (pin 14) 
VIN= signal voltage at amplifier input 

With proper selection of e2, the integrator 
time constant can be varied so that the 
output voltage is the dc or average value of 
the input signal for use in FSK, or as a post 
detection filter in linear demodulation. 

The comparator with hysteresis is made up 
of 049 - 050 with positive feedback being 
provided by 047 - 048. The hysteresis is 
varied by changing the current in 052 with a 
resulting variation in the loop gain of the 
comparator. This method of hysteresis 
control, which is a dc control, provides 
symmetric variation around the nominal 
value. 
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Design Formula 
Free running frequency of veo is shown by 
the following equation: 

fo = 16R~C1 in Hz 

Rc= 100n 

(Equation 9-26) 

C1 = external cap in farads 

The loop filter diagram shown is explained 
by the following equation: 

(Equation 9-27) 
1 

F(s) = 1 + sRC3 

R = R12 + R13 + 1.3kn 

LOOP FILTER 

FM DEMODULATOR 
The NE564 can be used asan FMdemodula­
tor. The connections for operation at 5V and 
12V are shown in Figures 9-29 and 9-30 
respectively. The input signal is ac coupled 
with the output signal being extracted at pin 
14. Loop filtering is provided by the capaCi­
tors at pins 4 and 5 with additional filtering 
being provided by the capaCitor at pin 14. 
Since the conversion gain of the veo is not 
very high, to obtain sufficient demodulated 
output signal the frequency deviation in the 
input signal should be fairly high (1% or 
higher). 

FM DEMODULATOR WITH TTL 
COMPATIBLE OUTPUT SIGNAL 
An FM demodulator with the output Signal 
being a TTL signal can be obtained from the 
NE564 by connecting it as shown in Figure 
9-31. This operation requires the use of the 
dc retriever, the capacitance for which is 
connected at pin 14. The hysteresis of the 
Schmitt trigger can be adjusted by connect­
ing a potentiometer at pin 15. The output 
signal appears at pin 16, which requires an 
external resistor. If necessary, the duty cy­
cle of the output signal can be adjusted by 
applying a voltage at pin 14 (around 2.5V) 
and varying it. The connection for a similar 
application appears in Figure9-32. 
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GATED PLLDEMODULATOR 
The lock range adjust pin of the NE564 can 
be used to gate the PLL when it is operating 
in the demodulator mode. The circuit is 
connected as shown in Figure 9-33. The 
gating voltage which can be a TTL signal is 
applied to pin 2. When this voltage is high, 
the loop is in lock and the demodulated 
output signal appears at pin 16. When the 
input to pin 2 is low, the loop is out of lock 
and the veo will be at its center frequency. 
It is also possible to use pin 2 to adjust the 
loop gain so that a large capture range and 
small lock range can be obtained. 

MODULATION TECHNIQUES 
The NE564 phase locked loop can be modu­
lated at eitherthe loop filter ports (pins 4 and 
5) or the input porHpin 6) as shown in Figure 
9-34. The approximate modulation frequen­
cy can be determined from the frequency 
conversion gain curve shown in Figure9-35. 
This curve will be appropriate for signals 
injected into pins 4 and 5. 

FREQUENCY SYNTHESIS 
Frequency multiplication can be achieved 
with the NE564 with the insertion of a coun­
ter (digital frequency divider) in the loop. 

A blpck diagram is shown in Figure 9-36 and 
the associated performance characteristic 
curve in Figure 9-35. Here the loop is broken 
between the veo and the phase compara­
tor and a counter is inserted. In this case, the 
fundamental of the divided veo frequency 
is locked to the input frequency so that the 
veo is actually running at a multiple of the 
input frequency. The amount of multiplica­
tion is determined by the counter. An obvi­
ous practical application of this multiplica­
tion property is the use of the NE564 in wide 
range frequency synthesizers. 

FM DEMODULATOR AT 5V FM DEMODULATOR AT 12V 

FM INPUT O.47,uf 

fc=5MHz~ 
fm = 1kHz 1K 
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14 
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Figure 9-29 
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When the input to pin 2 is high (TTL level), the loop is in lock and the demodulated 
output at pin 16 is present. When the inputto pin 2 is low (TTL level) the loop is out of 
lock with the veo at its center frequency. 
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In frequency multiplication applications it is 
important to take into account, that the 
phase comparator is actually a mixer and 
that its output contains sum and difference 
frequency components. The difference fre­
quency component is dc and is the error 
voltage which drives the veo to keep the 
NE564 in lock. The sum frequency compo­
nents (of which the fundamental is twice the 
frequency of the input signal) if not well 
filtered, will induce incidental FM on the 
veo output. This occurs because the veo 
is running at many times the frequency of 
the input signal and the sum frequency 

SIGNAL INPUT 
60Hz 

(BIAS ADJUSTMENT) 

'OK 

'KO 

NE 564 12 

-'0 

.5V 

O.22J,L,Fd 

FREq.UENCY 

SET CAP. 

I') 

7490 

- '0 

6kHz 

OUT SO. WAVE 

5Vp-p 

161 

1'0) 

Figure 9-36 

component which appears on the control 
voltage to the veo causes a periodic varia­
tion of its frequency aboutthe desired multi­
ple. For frequency multiplication it is gener­
ally necessary to filter quite heavily to 
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remove this sum frequency component. The 
tradeoff, of course, is a reduced capture 
range and a more underdamped loop tran­
sient response. 
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DETAILED DESCRIPTION OF 565 
The 565 is a general purpose PLL designed 
to operate at frequencies below 1 MHz. 
Functionally, the circuit is similar to the 562 
in that the ioop is broken between the VCO 
and phase comparator to allow the insertion 
of a counter for frequency multiplication 
applications. With the 565, it is also possible 
to break the loop between the output of the 
phase comparator and the control terminal 
of the VCO to allow additional stages of gain 
or filtering. This is described later in this 
section. 

The VCO is made up of a precision current 
source and a non-saturating Schmitt trig­
ger. In operation, the current source alter­
nately charges and discharges an external 
timing capacitor between two switching 
levels of the Schmitt trigger, which in turn 
controls the direction of current generated 
by the current source. 

A simplified diagram of the VCO isshown in 
Figure 9-37. 11 is the charging current creat­
ed by the application of the control voltage 
Ve. In the initial state, 03 is off and the 
current 11 charges capacitor C1 through the 
diode 02. When the voltage on C1 reaches 
the upper triggering threshold, the Schmitt 
trigger changes state and activates the tran­
sistor 03. This provides a current sink and 

essentially grounds the emitters of 01 and 
02 to become reverse biased. The charging 
current 11 now flows through 01,01 and 03 
to ground. Since the base-emitter voltage of 
02 is the same as that of 01, an equal 
current flows through 02. This discharges 
the capacitor C1 until the lower triggering 
threshold is reached at which point the 
cycle repeats itself. Because the capacitor 
C1 is charged and discharged with the 
constant current 11, the VCO produces a 
triangle wave form as well as the square 
wave output of the Schmitt trigger. 

The actual circuit is shown in Figure 9-38. 
Transistors 01-07 and diodes 01-03 form 
the precision current source. The base of 
01 is the control voltage input to the VCO. 
This voltage is transferred to pin 8 where it is 
applied across the external resistor R1. This 
develops a current through R1 which enters 
pin 8 and becomes the charging current for 
the VCO. With the exception of the negligi­
ble 01 base current, all the current that 
enters pin 8, appears atthe anodes of diodes 
02 and 03. When 08 (controlled by the 
Schmitt trigger) is on, 03 is reverse biased 
and all the current flows through 02 to the 
duplicating current source 05-0J, R2-R3 
and appears as the capacitor discharge 
current at the collector of 05. When 08 is 
off, the duplicating current source 05-07, 

SCHEMATIC DIAGRAM OF 565 

SIMPLIFIED DIAGRAM OF 565 VCO 

r---------~-----o+v 

Figure 9-37 

R2-R3 floats and the charging current 
passes through 03 to charge C1. 

The Schmitt trigger (011, 012) is driven 
from the capacito r triang Ie wave form by the 
emitter follower 09. Oiodes 06-09 prevent 
saturation of 011 and 012, enhancing the 
switching speed. The Schmitt trigger output 
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Figure 9-38 
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is buffered by emitter follower 013 and is 
brought out to pin 4, and is also connected 
back to the current source by the differential 
amplifier (014-0161. 

When operated from dual symmetrical sup­
plies, the square wave on pin 4 will swing 
between a low level of slightly (0.2VI below 
ground to a high level of one diode voltage 
drop (0.7VI below positive supply. The tri­
angle wave form on pin 9 is approximately 
centered between positive and negative 
supply and has an amplitude of 2V with 
supply voltages of ±5V. The amplitude of 
the triangle waveform is directly proportion­
al to the supply voltages. 

The phase detector is again of the doubly­
balanced modulator type. Transistors 020 
and 024 form the signal input stage, and 
must be biased externally. If dual symmetri­
cal supplies are used, it is simplest to bias 
020 and 024 through external resistors to 
ground. The switching stage 018,019,022 
and 023 is driven from the Schmitt trigger 
via pin 5 and 011. Diodes 012 and D131imit 
the phase detector output, and differential 
amplifier 026 and 027 provides increased 
loop gain. 

The loop low pass filter is formed with an 
external capacitor (connected to pin 71 and 
the collector resistance R24 (typically 
3.6k.Ol. The voltage on pin 7 becomes the 
error voltage which is then connected back 
to the control voltage terminal of the VCO 
(base of 011. Pin 6 is connected to a tap on 
the bias resistor string and provides a refer­
ence voltage which is normally equal to the 
output voltage on pin 7. This allows differ­
ential stages to be both biased and driven by 
connecting them to pins 6 and 7. 

The free-running center frequency of the 
565 is adjusted by means of R1 and C1 and is 
given approximately by 

1 _ 1.2 
0- 4R1C1 

(Equation 9-281 

When the phase comparator is in the limit­
ing mode (Vin;:>: 200mVp-pl, the lock range 
can be calculated from the expression: 

(Equation 9-291 

2WL ~ 2KoKdABd 

where Ko is the VCO conversion gain, Kd is 
the phase detector gain factor, A is the 
amplifier gain and Od is the maximum phase 
error over which the loop can remain in lock. 

Ko ~ 5VOlo radians/sec/vall 
ee 

(Equation 9-3OJ 

(where fa is the free-running frequency of 
the VCO and Vee is the total supply voltage 
applied to the circuit.) 

Kd ~ 1;..4 volts/radian 

A ~ 1.4 

Bd ~ -%- radians 

(Equation 9-311 

The lock range for the 565 then becomes: 

(Equation 9-321 

to each side of the center frequency, or a 
total range of: 

21L" 1610 Hz 
Vee 

(Equation 9-331 

The capture range, over which the loop can 
acquire lock with the input signal is given 
approximately by: 

-~ 2wc "'2 Vr 
(Equation 9-341 

where WL is the one-sided lock range 

wL ~ 2rrlL 

and 7 is the time constant of the loop filter 

T~ RC2 

with R = 3.6KO. 

This can be written as: 

le"'±..!... ~~±2-
2rr -y-;- 2rr 

(Equation 9-351 

to each side of the center frequency of a 
total capture range of: 

(Equation 9-361 

This approximation works well for narrow 
capture ranges (fe = 1/3fLI but becomes too 
large as the limiting case is approached (fe = 
fL). 

DETAILED DESCRIPTION OF 566 
The 566 is the voltage controlled oscillator 
portion of the 565. The basic die is the same 
as that of the 565; modified metalization is 
used to bring out only the VCO. The 566 
circuit diagram is shown in Figure 9-39. 
Transistor 018 has been a buffered triangle 
waveform output. (The triangle waveform is 
available at capacitor C1 also, but any cur­
rent drawn from pin 7 will alter the duty 
cycle and frequency.) The square wave 
output is available from 019 by pin 4. The 
circuit will operate at frequencies up to 
1MHz and may be programmed by the volt­
age applied on the control terminal (pin 51, 
current injecteQ into pin 60rthevalueofthe 
external resistor and capacitor (R1 and C1 I. 
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DETAILED DESCRIPTION 
OF 567 
The 567 is a PLL designed specifically for 
frequency sensing or tone decoding. Like 
the 561, the 567 has a controlled oscillator, a 
phase detector and a second auxiliary or 
quadrature phase detector. In addition, 
however, it contains a power output stage 
which is driven directly by the quadrature 
phase detector output. During lock, the 
quadrature phase detector drives the output 
stage on, so the device functions as a tone 
decoder or frequency relay. The tone de­
coder center frequency and bandwidth are 
specified by the center frequency and cap­
ture range of the loop portion. Since a tone 
decoder, by definition, responds to a stable 
frequency, the lock or tracking range is 
relatively unimportant except as it limits the 
maximum attainable capture range. 

The current controlled oscillator is shown in 
simplified form in Figure 9-40. It provides 
both a square wave output and a quadrature 
output. The control current Ie sweeps the 
oscillator ±7% of the center frequency, 
which is set by external components R1 and 
C1. It operates as follows: 

Transistors 01 through 06 form a flip-flop 
which can switch pin 5 between Vbe and V+­
Vbe. Thus, the R1 C1 network is driven from a 
square wave of V+ - 2Vbe peak-to-peak 
volts. On the positive portion of the square 
wave, C1 is charged through R1 until V1 is 
reached. A comparator circuit driven from 
C1 at pin 6 then supplies a pulse which 
resets the flip-flop so that pin 5 switches to 
Vbe and C1 is discharged until V2 is reached. 
A second comparator then supplies a pulse 
which sets the flip-flop and C1 resumes 
charging. 

The total swing of the capacitor voltage, as 
determined by the comparatorsensing volt-
ages, is 

(Equation 9-371 

V -V ~ (V+-2V ) R22 + R23 
1 2 be R21 + R22 + R23 +R23 +R24 

~ K IV+ -2Vbe) 

Due to the excellent matching of integrated 
resistors, the resistor ratio K may be consid­
ered constant. Figure 9-41 shciws the pin 5 
and pin 6 voltages during operation. It is 
obvious from the proportion that t1 + t2 is 
independent of the magnitude of V+ and 
dependent only on the time constant R1C1 
of the external components. Moreover, if (V1 
+ V21/2 = V+/2, then t1 =t2 and the duty 
cycle is 50%. Note that the triangular wave­
form is phase shifted from the square wave. 
A differential stage (022 and 0231 amplifies 
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the triangular wave with respect to (V1 and 
V2)/2 to provide the quadrature output. (Due 
to the exponential distortion of the triangle 
wave, the quadrature output is actually 
phase shifted about 80·, but no operating 
compromises result from this slight devia­
tion from true quadrature.> 

One source of error in this oscillator scheme 
is current drawn by the comparators from 
the R1C1 mode. An emitter follower, there­
fore, is inserted at X to minimize this drain 
and 021 placed in series with 020 to drop 
the comparator sensing voltage one Vbe to 
compensate for the Vbe drop in the emitter 
follower. 

LOOP GAIN CONSTANTS (Ko. 
Kd) 
Table 9-4 gives the gain constants (Ko, Kd) 
for the Signetics' loops. The values given 
are for the standard connection with no gai n 
reduction or tracking adjustment compo­
nents cOnnected. The dc amplifier gain A 
has been included in either the Ko or Kd 
value, depending on which side of the low 
pass filter terminals the gain is present. This 
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causes no hardship in calculations since the 
loop gain Kv becomes simply KoKd. 

In order to insure that the square wave 
drops quickly and accurately to Vbe, an 
active clamp scheme is applied to the col­
lector of 02. The base of 09 is held at 2Vbe 
so that as 02 is turned on by its base cur­
rent, its collector is held at Vbe. Because 02 
and 03 have the same geometry and their 
base-emitter voltages are the same, the 
maximum 02 current when clamped is es­
sentially the same as the collector current of 
03 (as limited by R5l. The flip-flop was 
optimized for maximum switching speed to 
reduce frequency drift due to switching 
speed variations. 

Current control of the frequency is achieved 
by making R21 somewhat less than R24 and 
restoring the proper voltage for 50% duty 
cycle by drawing Ie of 100",A for the R21, 
020 junction. When Ie is then varied be-

560B, 5618, 5828 

O.32w ~ 
a sec-volt 

O.64w ~ 
o sec-volt 

OIFF<RENTlA~ 

INPUTOFISECOND 
INJ>UTAC 

Single-Ended Input 
toVea 

Differential Input 
toVCO 

/V 

tween 0 and 200",A, the freq uency changes 
by ±7%. Because of the slight shift in the 
voltage levels V1 and V2 with Ie, the square 
wave duty cycle changes from about 47% to 
about 53% over the control range. To avoid 
drift of center frequency with temperature 
and supply voltage changes when 

Ie oF 0, Ie is also made a function of V + -2Vbe. 

The eeo circuit is shown in the tone decod­
er schematic diagram, Figure 9-42. 

A doubly-balanced multiplier formed by 
032 through 037 (Figure 9-421 functions as 
the phase detector. The input signal is ap­
plied to the base of 032. Transistors 034-
037 are driven by a square wave taken from 
the eco at the collector of 02. Phase detec­
tor input bias is provided by three diodes, 
038 through 040, connected in series, as­
suring good bias voltage matching from run 
to run. Emitter resistors R26 and R27, in 
addition to providing the necessary dynam­
ic range at the input, help stabilize the gain 
over the wide tempe1ature range. 

The loop dc amplifier is formed by 051 and 
052. Having a current gain of 8, it permits 
even a small phase detector output to drive 
the eeo the full ±7%. Therefore, full detec­
tion bandwidth can be obtained for any in­
band input signal greater than about 
70mVrms. However, the main purpose of 
high loop gain in the tone decoder is to keep 
the locked phase as close to rr/2 as possible 

Table 9-4 

565 

Total Supply Voltage 

0.67 Wo se:~vd~1t at "- 6 volts 

/ 

/ SINGLE·ENDED 
INPUT 

*The de amplifier gain A has been included in Ko or Kd, depending on which side of the 
LPF terminals the amplifier is located. 
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for all but the smallest input levels since this 
greatly facilitates operation of the quad­
rature lock detector. Emitter resistors R36 
and R37 help to stabilize the gain over the 
required temperature range. Another 
function of the dc amplifier is to allow a 
higher impedance level at the low pass filter 
terminal (pin 21 so that a smaller capacitor 
can be used for a given loop cutoff fre­
quency. Once again, emitter resistors help 
stabilize the loop gain over the temperature 
range. 

The quadrature phase detector (OPOI, 
formed by a second doubly-balanced multi­
plier 042-047, is driven from the quad­
rature output (E, F, in Figure 9-471 of the 
eeo. The signal input comes from the 
emitters of the input transistors 032 and 
033. 

The output stage, 053 through 062, com­
pares the average OPO current in the low 
pass output filter R3e3 with a temperature 
compensated current in R39 (forming the 
threshold voltage Vtl. 

Since R3 is slightly lower in value than R39, 
the output stage is normally off. When the 
lock and the OPO current Iq occurs, pin 1 
voltage drops below the threshold voltage 
Vt and the output stage is energized. 

The uncommitted collector (pin 81 of the 
power npn output transistor can drive both 
100-200mA loads and logic elements, in­
cluding TTL. 

O.44w ~ 
o sec-volt 

INPUT 
.. v -RMS 
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EXPANDING LOOP CAPABILITY 

Low Pass Filter Circuits 
(560N, 561N and 562N) 
The low pass filters used with the 560N, 
561N and 562N are externally adjusted to 
provide the desired operational characteris­
tics. To select the most appropriate type of 
filter and component values, a basic under­
standing of filter operation is required. 

A FM signal to be demodulated is matched 
in the phase comparator with the voltage 
controlled oscillator signal, which is tuned 
to the FM center frequency. Any resulting 
phase difference between these two signals 
is the demodulated FM signal. This demod­
ulated signal is normally at frequencies 
between dc and upper audio frequencies. 

The choice of low pass filter response gives 
a degree of design freedom in determining 
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SCHEMATIC DIAGRAM OF 567 

Figure 9-42 

the capture range or selectivity of the loop. 
The attenuation of the high frequency error 
components at the output of the phase 
detector enhances the interference rejec­
tion characteristics of the loop. The filter 
also provides a short-term memory for the 

. PLL that ensures rapid recapture of the 
signal if the system is thrown out of lock due 
to noise transient. 

To ensure absolute closed loop stability at 
all signal levels within the dynamic range of 
the loop, the open loop PLL is required to 
have no more than 12dB per octave high 
frequency roll-off. 

The capacitor in each filter circuit shown in 
Figure 9-43 will provide 6dB per octave roll­
off at the first break point-the desired 
bandwidth frequency. The resistor Rx 
shown in filters (c) and (d) is used to break 
the response up at high frequencies to 

Si,gDDliCS 

QUADRATURE 
PHASE DETECTOR 

y' 
113 l 

471( Tca 

: , 

ensure 6dB per octave roll-off at the loop 
unity gain frequency. Rx is typically be­
tween 50 and 2000. 

Calculations of values for low pass filters 
shown can be made using the complex 
second-degree transfer function equations 
given, or approximated using the equation: 

(Equation 9-38) 

C1 = 26.60 mfd for filters la) and Ic). and the 
f 

equation: 

13.30 
C1 = -f - mfd for filters Ib) and Id) where f is 

the desired first break frequency in Hz. 

At freq uencies greater than 5MHz where the 
loop may be prone to instability, filters (C) 
and (0) should be used. For operation at low 
frequencies, a simple type (b) lag filter with 
no added resistance is usually sufficient. 
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Figure 9-44 

Operating Frequency Extension 
to 60MHz (560N, 561N, 562N) 
The frequency range of the 560N, 561 Nand 
562N phase locked loops may be extended 
to 60MHz by the addition of two 10kfi 
resistors from the timing capacitor termi­
nals to the negative power supply as shown 
in Figure 9-44. The inclusion of a 5kfi po­
tentiometer between these 10kfi resistors 
and the negative supply provides a simple 
method of fine tuning. 

Increased Loop Output Voltage 
For Small Frequency 
Deviations (565) 
For applications where both a narrow lock 
range and a large output voltage swing are 
required, it is necessary to inject a constant 
current into pin 8 and increase the value of 
R1. One scheme for this is shown in Figure 
9-45. The basis for this scheme is the fact 
that the output voltage controls only the 
current through R1 while the current 
through 01 remains constant. Thus, if most 
of the charging current is due to 01, the 
total current can be varied only a small 
amount due to the small change in current 
through R1. Consequently, the VCO can 
track the input signal over a small frequency 
range yet the output voltage of the loop 
(control voltage of the VCO) will swing its 
maximum value. 

Phase Locked Loops 

NARROW BANDWIDTH FM 
DEMODULATOR 

fR = INTERNAL 
RESISTANCE'" 6K11 I 

4~-r 
c, RX 

f(s) = 1+'(;~t~CX')Cl 

d 

o-fl~--+--I 
INPUT 

... ... 

Diode D1 is a Zener diode, used to allow a 
larger voltage drop across RA than would 
otherwise be available. D4 is a diode which 
should be matched to the emitter-base junc­
tion of 01 for temperature stability. In addi­
tion, D1 and D2 should have the same 
breakdown voltages and D3 and D4 should 
be similar so that the voltage seen across Rs 
and Rc is the same as that seen across pins 
10 and 1 of the phased locked loop. This 
causes the frequency of the loop to be 
insensitive to power supply variations. The 
center frequency can be found by: 

(Equation 9-39) 

2Re 1 
fo~ +--Hz 

(Rs + Rc)RAC1 4R1C1 

and the total lock range is given by: 

(Equation 9-40) 

22.4Vo(Rs + Rc)RAfo 
2AfL - Hz 

!lVll+IV21-Vz-Vo)(8RsR1 +RA [Rs+Rc]) 

where: 

Vo ~ forward biased diode voltage ~ O.7V 
Vz ~ Zener diode breakdown voltage 
Vl ~ positive supply voltage 
V2 ~ negative supply voltage 
fo ~ free-running VCO center frequency 

When the output excursion at pin 7 need be 
only a volt or so, diodes D1 , D2 and D3 may 
be replaced by short circuits. 

The value of R1 can be selected to give a 
prescribed output voltage for a given fre­
quency deviation. 

(Equation 9-41) 

R1 

Smnotics 

Figure 9-45 

where fo is the center frequency and M is 
the desired frequency deviation per volt of 
output. 

In most instances, Rs and RA are chosen to 
be eq ual so that the voltage d rap across 
them is about 200mV. For the best tempera­
ture stability, diode D1 should be a base­
collector shorted transistor of the same type 
as 01. 

Expanded Lock Range (565) 
When the 565 is connected normally, feed­
back to the VCO from the phase detector is 
internal. That is, an amplifier makes the pin 
8 voltage track the pin 7 (phase detector 
output) voltage. Since the capaCitor C1 
charge current is determined by the current 
through resistance R1, the frequency is a 
function of the voltage at pin 8. It is possible, 
however, to bypass and swamp the internal 
loop amplifier so thatthe current into pin 8 is 
no longer a function of the pin 8 voltage but 
only of the pin 7 voltage. This makes a 
greater charge-discharge current variation 
possible, allowing a greater lock range. 
Figure 9-46 shows such a circuit in which 
the !,A741 operational amplifier is set for a 
differential gain of 5, feeding currentto pin 8 
through the 33k resistor (simulating a cur­
rent source). Not only is the tracking range 
greatly expanded, but the output voltage as 
a function of frequency is five times greater 
than normal. In setting up such a circuit, the 
user should keep in mind that for best fre­
quency stability, the charge~discharge cur­
rent should be in the range of 50 to 1500!,A 
which also specifies the pin 8 input current 
range, showing that a ratio of upper to lower 
lock extremes of about 30 can be achieved. 
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Figure 9-46 

Breaking the Internal Feedback 
Loop (565) 
Many times it would be advantageous to be 
able to break the feedback connection be­
tween the output (pin 7) and the voltage 
control terminal (01) of the VCO. This can 
be easily done once it is seen that it is the 
current into pin 8 which controls the VCO 
frequency. If the external resistor Rl is 
replaced with a current source, such as in 
Figure 9-47, we have effectively broken the 
internal voltage feedback connection. The 
current flowing into pin 8 is now independ­
ent of the voltage on pin 8. The output 
voltage (on pin 7) can now be amplified or 
filtered and used to drive the current source 
by a scheme such as that shown in Figure 9-
47. This scheme allows the addition of 
enough gain for the loop to stay in lock over 
a 100:1 frequency range, or conversely, to 
stay in lock with a precise phase difference 
(between input and VCO signals) which is 
almost independent of frequency variation. 
Adjustment of the voltage to the non-invert­
ing input of the op amp, together with a 
large enough loop gain allows the phase dif­
ference to be set at a constant value be­
tween 00 and 1800 .In addition, it is now pos­
sible to do special filtering to improve the 
performance in certain applications. For in­
stance, in frequency multiplication appli­
cations it may be desirable to include a 
notch filter tuned to the sum frequency 
component to minimize incidental FM with­
out excessive reduction of capture range. 

Breaking the Internal Feedback 
Loop (560; 561, 562) 
The internal control voltage feedback loop 
can also be easily broken on the 560, 561 
and 562. The key in this case is to bias the 
range control terminal (pin 7) to +2V which 
turns off the controlled current source. Now 
the phase comparator output voltage will 
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have no effect on the charging current 
which sets the VCO frequency: Now an 
external feedback loop can be built with the 
desired transfer function. Figure 9-48 shows 
a practical application of this principle. The 
control voltage is taken from across the low 
pass filler terminals, amplified, and used to 
add or subtract current into the timing ca­
paCitor nodes. 

+Vcc 

Figure 9-48 

Minimizing Tone Decoder 
Response Time 
The 567 Tone Decoder is a specialized loop 
which can be set up to respond to a given 
tone (constant frequency) within its band­
width. The center frequency is set by a 
resistor Rl and capacitor Cl which deter­
mine the free-running frequency. The band­
width is controlled by the low-pass filter 
capacitor C2. A third capacitor C3 inte­
grates the output of the quadrature phase 
detector (OPD) so that the dc lock­
indicating component can switch the power 
output stage on when lock is present. The 
567 is optimized for stability and predicta­
bility of center frequency and bandwidth. 

Si!)notics 

Figure 9-47 

Av= .!!f 
R, 

Two events must occur before an output is 
given. First, the loop portion of the 567 must 
achieve lock. Second, the output capacitor 
C3 must charge sufficiently to activate the 
output stage. For minimum response time, 
these events must be as brief as possible. 

As previously discussed, the lock time of a 
loop can be minimized by reducing the 
response time of the low pass filter. Thus, 
C2 must be as small as possible. However, 
C2 also controls the bandwidth. Therefore, 
the response time is an inverse function of 
bandwidth as shown by Figure 9-49, reprint­
ed from the 567 data sheet. The upper curve 
denotes the expected worst-case response 
time when the bandwidth is controlled sole­
ly by C2 and the input amplitude is 
200mVrms or greater. The response time is 
given in cycles of center frequency. For 
example, a 2% bandwidth at a center fre­
quencyof 1000cycles can require as long as 
280 cycles (280ms) to lock when the initial 
phase relationship is at its worst. Figure 9-
50 gives a typical distribution of response 
time versus input phase. Note that, assum­
ing random initial input phase, only 30/180 
= 1/6 of the time will the lock-up time be 
longer than half the worst case lock-up time. 
Figure 9-51 shows some actual measure­
ments of lock-up time for a set-up having a 
worst case lock-up time of 27 cycles and a 
best-case lock-up time of four input cycles. 

The lower curve on the graph shows the 
worst-case lock-up time when the loop gain 
is reduced as a means of reducing the 
bandwidth (see data sheet, AlternateMeth­
od of Bandwidth ReductionJ. The value of 
C2 required forthisminimum response time 
is 

(Equation·9-42) 

130 
/iF 
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Figure 9-49 

It is important to note that noise immunity 
and rejection of out-band tones suffer 
somewhat when this minimum value (C2) of 
C2 is used so that response time is gained at 
their expense. Except at very low input 
levels, input amplitude has only a minor 
effect on the lock-up time-usually negligi­
ble in comparison to the variation caused by 
input phase. 

Lock-up transients can be displayed on a 
two-channel scope with ease. Figure 9-52 
shows the display which results. The top 
trace shows the square wave which either 
gates the input generator signal off and on 
(or shifts the frequency in and out of the 

. band. if you have a generator which has a 
frequency control input only>' The lower 
trace shows the voltage at pin 2, the low 

pass filter voltage. The input frequency is 
offset slightly from the center frequency so 
that the locked and un locked voltage are 
different. It is apparent that, wh i Ie the C2 
decay during unlock is always the same, the 
lock transient is different each time. This is 
because the turn-on repetition rate is such 
that a different initial phase relationship 
occurs with each appearance of the in-band 
signal. It is tempting to adjust the repetition 
rate so that a fast, constant lock-up tran­
sient is displayed. However, in dOing so a 
favorable initial phase is created that is not 
present in actual operation. On the con­
trary, it is most realistic to adjust the repeti­
tion rate so that the longest lock-up time is 
displayed, such as the fifth lock transient 
shows. Once this display is achieved, the 
effect of various adjustments in C2 or input 

'30 ±120 , 150 , 180 

INITIAL PHASE DIFFERENCE (.pI - ¢lo) 

Figure 9-50 

amplitude is seen. However, the repetition 
rate must be readjusted for worst-case lock­
up after each change. 

Once lock is achieved, the quadrature 
phase detector output at pin 1 is integrated 
by C3 to extract the dc component. As C3 
charges from its quiescent value Vq (see 
Figure 9-53) to its final value (Vq-!:"v), it 
passes through the output stage threshold, 
turning it on. The total voltage change is a 
fuoction of input amplitude. Since the unad­
justed Vq is very close (within 50mV) to Vt, 
the output stage turns on very soon after 
lock. Only a small fraction of the output 
stage time constant (7 = 4700C3) expires 
before Vt is crossed so that C3 does not 
greatly influence the response time. How­
ever, as shown in Figure 9-53a, the turn-off 

LOCK-UP TIME VARIATION DUE 
TO RANDOM INITIAL PHASE 

TONE DECODER LOCK-UP TRANSIENT 

10 
I 

INPUT CYCLES 

20 
I 

Figure 9-51 

30 
I 
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delay time can be quite long when C3 is 
large. Figure 9-53b shows how desensitiz­
ing the output stage by connecting a high­
value resistor between pin 1 and pin 4 (plus 
supply) can equalize the turn-on and turn­
off time. If turn-off delay is important in the 
overall response time, then desensitizing 
can reduce the total delay. 

But why not make C3 very small so that 
these delays can be totally neglected? The 
problem here is that the OPO output has a 
large twice-center-frequency component 
that must be filtered out. Also, noise, 
outband signals and difference frequencies 
formed by close out-band frequencies 
beating with the VCO frequency appear at 
the OPO output. All these must be attenuat­
ed by C3 or the output stage will chatter on 
and off as the threshold is approached. The 
more noisy the input signal and the larger 
the near-band signals, the greater C3 must 
be to rejectthem. Thus, there is acomplicat­
ed relationship between the input spectrum 
and the size of C3. What must be done, then, 
is to make C3 more than sufficient for 
proper operation (no false outputs or 
missed signals) under actual operating 
conditions and then reduce jts value in small 
steps until either the required response time 
is obtained or operation becomes unsatis­
factory. 

In setting up the tone decoder for maximum 
speed, it is best to proceed as follows: 

a. After the center frequency has been set, 
adjust C2 to give the desired bandwidth 
or, if the graph of response time in cycles 
(Figure 9-51) suggests that worst-case 
lock-up time will be too long, incorporate 
the loop gain reduction scheme as an 
alternate means of bandwidth reduction. 
(See data sheet.) 

b. Check lock-up time by observing the 
waveform at pin 2 while pulsing the input 
signal on and off (or in and out of the band 
when a FM generator is used). Adjust 
repetition rate to reveal worst lock-up 
time. 

c. Starting with a large value of C3 (say 10 
C2), reduce it as much as possible in 
steps while monitoring the output to be 
certain that no false outputs or missed 
signals occur. The full input spectrum 
should be used for this test. Ignore brief 
transients or chatter during turn-on and 
turn-off as they can be eliminated with 
the chatter prevention feedback tech­
nique described in the data sheet. 

d. Use the desensitizing technique, also 
described in the data sheet, to balance 
turn-on and turn-off delay. 

e. Apply the chatter prevention technique 
to clean up the output. 

If this procedure results in a worst-case 

840 

EFFECT OF THRESHOLD VOLTAGE (Vt) ADJUSTMENT 
ON THE TONE DECODER 

TURN-ON AND TURN-OFF DELAY 

LOCK 

I 
UNLOCK 

I 
I Vq ---ft 

Vt ----I ---------,-
I 
I 

v'I'-J"',....,.>JVo"'-l,-1 

I 

:m 
I ~----------~I--~ 

--l ~RN-ON --l '-ruRN-OFF 
DELAY ~ELAY 

Figure 9-538 

LOCK 

I 
vq __ -\I 

UNLOCK 

I 
I 

I 
I 

-------1" ------

I 
I 
I 

m I 
I I 
I 

~~N-ON 
I 

!-rURN-OFF --' ---' I DELAY I DELAY 

Figure 9-53b 

response time that is too slow, the following 
suggestions may be considered: 

a. Relax the bandwidth requirement. 
b. Operate the entire system at higher fre­

quency when this option is available. 
c. Use two tone decoders operating at 

slightly different frequencies and OR the 
outputs. This will reduce the statistical 
occurrence of the worst-case lock-up 
time so that excessive lock-up time oc­
curs. For example, if the lock-up time is 
marginal 10% of the time with one unit, it 
will drop to 1% with two units. 

d. Control the in-band input amplitude to 
stabilize the bandwidth, set up two tone 
decoders for maximum bandwidth and 
overlap the detection bands to make the 
desired frequency range equal to the 
overlap. Since both tone decoders are on 
only when a tone appears within the 
overlap range, the outputs can be ANOed 
to provide the desired selectivity. 

e. If the system design permits, send the 
tone to be detected continuously at a low 
level (say 25mVrms) to keep the loop in 
lock at all times. The output stage, slight­
ly desensitized, can then be gated on as 
required by increasing the signal ampli-

9!!1DOIIC9 

tude during the on time. Naturally, the 
signal phase should be maintained as the 
amplitude is changed. This scheme is 
extremely fast, allowing repetition rates 
as fast as 1/3 to 1/2 the center frequency 
when C3 is small. This is equivalent to 
ASK (amplitude shift keying). 

FM IF Amplifier/Demodulator 
With Muting (561N) 
In this application, the loop portion of the 
561 N operates in the usual manner for 
FM demodulation. To introduce muting 
(squelch) the synchronous AM detector por­
tion of the PLL is used to detect the pres­
ence of an input signal and to open a muting 
gate. Figure 9-54 shows a typical circuit 
incorporating the muting feature. 

The input section of the circuit is a broad­
band, amplifier-limiter. The tuned LC net­
work at the AM input, pin 4, is adjusted to 
provide a 90· phase shift at the IF frequen­
cy. This network is adjusted for maximum 
output at pin 1, demodulated. AM output, 
with a carrier applied, at the If: frequency. 

Three transistors at the right of the diagram 
(01, 02 and 03) and the 1 N457 diode form 
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TYPICAL FM IF AMPLIFIERI DEMODULATOR WITH MUTING 

+lBV 

22< 20 J 0,01 5.aK 

HI~ 
10 ". 

INPUT 

LOW r INPUT 

1 '''1 
Tl:20 Turns Billar No. 36 Wire on 1/2-Watt Resistor Body (For 10.7 MHz) 

•• Part of NE510N 

the muting gate. Gating is accomplished by 
applying the demodulated FM output 
through the 1N457 diode and by biasing the 
diode on and off as follows: During periods 
with no input applied, 01 is shut off and 02 
conducts. Therefore, the diode is effectively 
back biased since its anode potential de­
veloped by the 10k resistors across the 
power supply is approximately +13.5V. 
Wtien an input is applied to the circuit, 01 is 
turned on and 02 shuts off, reducing its 
collector potential below 9V. Thus, the di­
ode is forward biased and the demodulated 
IF output is gated through to the circuit 
output. 

Muting threshold adjustment is accom­
plished using the 2.5k potentiometer. Tran­
sistor 03 is used as a bias generator forthe 
differential pair, 01 and 02. I n turn, the bias 
of 03 is obtained from internal PLL bias 
pOints at pins 12 and 13. Thus, the muting 
gate will track the PLL over wide tempera­
tu re variations. 

FM Demodulator (S60N) 
When used as a FM demodulator, the 560N 
phase locked loop requires selection of 
external components andlor circuits to 
create the desired response. The areas to be 
considered are: 

a. Input signal conditioning 
b~ Tuning-VCO frequency 
c. Low pass filterselectionlgain adjustment 

Figure 9-54 

d. Output swing 
e. Tracking range adjustment 
f. De-emphasis network selection 

Figure 9-55 illustrates schematically a typi­
cal FM demodulator with IF amplifier and 
limiter using the 560N PLL. The amplitude 
of the input signal has a pronounced effect 
on the operation. For the tracking range to 
be constant, the input signal level should be 
greater than 2mVrms. In addition, AM rejec­
tion diminishes at higher signal levels and 
drops to less than 20dB for signals greater 
than 30mV. If either the tracking range or 
AM rejection is critical, the input signal 
should be conditioned to be inthe2to 10mV 
range, using either a limiter or a combina­
tion limiter-amplifier. This circuit should 
limit at the smallest input voltage that is 
expected. 

The PLL is tuned by adjusting the VCO to 
the center frequency of the FM signal. This 
is accomplished by connecting a capacitor 
across pins 2 and 3. The capacitor value is 
determined using the equation Co'" 300/fo, 
pF where fo, the free-running VCO frequen­
cy, is in MHz. The exact value is not impor­
tant as the internal resistors are only within 
±10% of nominal value and fine tuning is 
normally required. Fine tuning may be ac­
complished by using a trinimercapacitor in 
parallel with Co or by using a potentiometer 
connected across the power supply with the 
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rotor connected to pin 6 through a 2000 
current limiting resistor. 

The dc gain of the loop, which sets the lock 
range and threshold sensitivity, can be con­
trolled by the placement of a resistance 
between pins 14 and 15, the low pass filter 
terminals. A low pass filter connected to 
these terminals controls the capture range 
or selectivity of the loop. In basic terms, it 
may be said that the low pass filter sets the 
bandwidth of the demodulated information 
which will be obtained. For most applica­
tions, a single capacitor connected between 
pins 14 and 15 will provide the required 
filtering. The capaCitance value required 
can be approximated as follows: 

(Equation 9-43) 

13.30 
C~ mId 

where f is the desired bandwidth in Hz. For 
example, if the desired information band­
width is 15kHz, the required low pass filter 
capaCitance will be: 

(Equation 9-44) 

13.30 
C = 15000 = 885pF 
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TYPICAL FM DEMODULATOR WITH IF AMPLIFIER AND LIMITER USING THE 560N 
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The output swing is a function of the fre­
quency deviation of the incoming signal, 
and is approximately 0.3Vp-p for ±1% devia­
tion. For example, a standard 10.7MHz IF 
frequency has a deviation of ±75kHz; there­
fore, the percentage deviation equals 

±0.75 x 100 

10.7 
=±O.7% 

and the output voltage will be 

.7% 
0.3V pop X 1% = .21V pop, 

or 74mVrms for 100% modulation. 

The de-emphasis network requires an ex­
ternal capacitor from pin 10 to ground. This 
capacitor Cd and the 80000 internal resist­
ance should produce a time constant of 
approximately 75iJ.s for standard FM broad­
cast demodulation. The value of the de­
emphasis capacitor for this application is 
determined by the following formula: 

75 X lQ-6 
Cd = = 0.OO94mld 

8000 

For most applications, a 0.01 mfd value 
would be satisfactory since the manufactur­
ing tolerance of the resistor is on the order 
of 20%. 

842 

Figure 9-55 

Phase Locked AM Receiver 
(561N) 
The Signetics 561 N can be used as an AM 
detector/receiver. AM detection is accom­
plished as illustrated in the block diagram of 
Figure 9-56a. The phase locked loop is 
locked to the signal carrier frequency and 
its VCO output is used to provide the local 
oscillator signal for the product detector or 
synchronous demodulator. The PLL locks 
to its input signal with a constant 90· phase 
error. The amplitude of the signal at the 
output of the product detector is a function 
of the phase relationship of the carrier ofthe 
incoming signal and the local oscillator; it 
will be a maximum when the carrier and 
local oscillator are in phase or 1800 out of 
phase and a minimum when they are in 
quadrature. It is, therefore, necessary to add 
a 90· phase shift network in the system to 
compensate for the normal PLL phase shift. 
The 561 is designed for this to be incorpo­
rated between the signal input and the input 
to the phase comparator input, pin 12 or pin 
13. 

Connection as an AM detector/receiver is 
given in Figure 9-56b. The bypass.and cou­
pling capacitors should be selected for low 
impedance atthe operating frequency. Co is 
selected. to make the VCO oscillate at the 
frequency to be received and Cx isselected, 
in conjunction with the output resistance 
(80000) and the load resistance, to roll off 
the audio output for the desired bandwidth. 
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Figure 9-568 

The phase shift network may be determined 
from the following equations: 

(Equation 9-45) 

1.3 X 10-4 
Cy = pF 

Ie 

where fe is the carrier frequency of the 
signal to be received and Ry = 30000. A 
receiver for standard AM reception is easily 
constructed using the circuit of Figure 9-
56b. Its operating range will befrom 550kHz 
to 1.6MHz. All bypass and coupling capaci­
tors are 0.1 mfd. Cy is selected using a fre­
quency which is the geometric mean of the 
limits of the frequencies which are to be 
received. 
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(Equation 9-46) 
Ie ~~ ~ 1.6 X 0.55 ~ .94MHz 

then: 
1.3 X 10-4 

Cy~ ~ 135pF 
.94 X 10-6 

The low pass filter for the loop, CL, is not 
critical for no information is being derived 
directly from the loop error signal and one 
need only be assured of stable loop opera­
tion. A .01 mfd capacitor was found to be 
adequate. 

Tuning may be accomplished in several 
ways. The simplest method uses a variable 
capacitor as Co. It should be trimmed so that 
when set for minimum capacitance, the 
VCO frequency is approximately 1.6MHz. 
The capacitance used may be obtained 
from the following formula: 

300pF 
Co~ -1-

0
- where 10 is in MHz. 

Application of this formula shows that the 
minimum capacitance should be about 
180pF and the maximum capacitance 

. should be 550pF. A second tuning method 
utilizes the fine tuning input, pin 6. When 
current is inserted or removed from this pin, 
the VCO frequency will change, thereby 
tuning the receiver. Select Co, when the 
current at pin 6 is zero, to make the VCO 
operate at the mean frequency used in the 
phase shift network calculation (940kHz)' 
The complete standard AM broadcast band 
may now be tuned with one potentiometer. 
The resistor in series with the arm of the 
potentiometer is selected to give the desired 
tuning range and will be about 12000 when 
an 18V power supply is used. 

For operation, this receiver requires an 
antenna and a good grounding system. 
Operation may be improved by including a 
broadband untuned RFamplifier, but care 
should be used to ensure that the phase 
locked loop is not overdriven, e.g. input 
signals should be kept less than 0.5Vrms. 

IF STAGE WITH AGC AND 
AM/FM DETECTION (561 N) 
The circuit shown in Figure 9-57 is basically 
an IF strip at 10.7MHz employing a buffer 
amplifier, two stages of gain, two ganged 
stages of AGC and an AGC summing ampli­
fier. A single 561 N PLL serves as both the 
AM and FM detector. Input sensitivity to 
insure lockup for either AM or FM demodu­
lation is approximately 10IN. The input level 
to the 561N is held level at305mVp-pduring 
input a'mplitude excursion from 1O",V to 
120mVp-p. Potentiometer RAGe is adjusted 
at no input for a quiescent dc voltage (pin 6 
of amplifier ",A741) of -90mV. This presets 
the MC1496 multipliers at a maximum gain 
condition. The gain is slowly reduced as the 
RF input level rises and full AGC action 
begins. 

The bandwidth of linear demodulation of 
AM is 1 Hz to 4.5Hz and of FM is 1 Hz to 
36kHz. 

IF gain adjustment can be provided with the 
installation of a potentiometer between pins 
4 and 9. of either (or both) of the ",A733, a 
zero ohm setting insuring maximum gain. 

The addition of a conventional converter 
front-end and audio driver stages com­
pletes the circuitry for a receiver. 
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Translation Loop for Precise FM 
(561N,562N) 
A translation loop mixes the output of two 
oscillators and produces a signal whose 
frequency is equal to the sum or difference 
of the two. In the most useful application of 
this circuit, one oscillator is a precise 
crystal-controlled oscillator and the second 
is a low frequency voltage-controlled oscil­
lator so that the loop output is a FM signal 
whose center frequency is slightly offset 
from the crystal oscillator frequency. Since 
the offset oscillator supplies only a small 
percentage of the final output frequency, it 
need not be as precise as the crystal 
oscillator. 

Such a loop is shown in Figure 9-58a. The 
VCO is driven until the filtered low frequen­
cy component of the PD2 output is equal to 
the offset frequency fm. When this occurs, 
lockup is achieved and the VCO output is 
eitherfR +fmorfR-fm. 8yadjusting the VCO 
free-running slightly above fm, the latter 
case can be eliminated. If fm is frequency 
modulated, then the output will also be 
frequency modulated since it has the same 
absolute deviation. 

Figure 9-58b shows a translation loop made 
from a 561 Nand 562N. It is designed to 
produce a 4.5MHz signal with a deviation of 
±25kHz. The 561 N serves as the VCO and 
PD1; the 562N serves as the crystal oscilla­
tor and PD2. A 4.400MHz crystal controls 
the reference frequency fRo The offset fre­
quency fm is 100kHz frequency modulated 
±25kHz at a modulation frequency of 
400Hz. The accuracy of the output frequen­
cy is that olthe reference oscillator plus that 
of the offset oscillator; since fm is a small' 
percentage (2%) of fR, its stability can be 
considerably less than that of the crystal 
oscillator. In this case, fm can be provided 
by a 566 VCO modulated, if desired, by a 
second 566. (The triangle wave 566 output 
results in a constant df/dt.l 

Special layout precautions Eire required to 
be sure that no high frequency coupling 
occurs via grounds or power supply lines. 
The circuit is adjusted by trimming the 562 
VCO trimmer capacitor until the beat note 
present at test point 1 has the same frequen­
cy as fm throughout the deviation range (fm 
can be deviated by hand or very slowly, say, 
at a 1Hz rate, to observe that the beat note 
does not break up during sweep. If the beat 
note is lost at either extreme, adjust the VCO 
trimmer. If the full deviation cannot be ob­
tained, decrease the 562 low pass filter 
capaCitor slightly. Connect a counter to the 
output to be sure the loop is locked to fR + fm 
and not fA - 1m (unless the latter is desired). 
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Naturally, the component values given may 
be altered for other applications. Note that 
as fm is made a smaller and smaller per­
centage of the total output f.requency, it 
becomes difficult to prevent locking in the 
fR - fm mode since the 562 lock range will 
likely include both fR - fm and fR + fm. How­
ever, if fm is made too large a portion of the 
output frequency, then overall stability suf­
fers unless fm is also quite precise. 

Phase Locked FSK 
Demodulators (560N, 565) 
FSK refers to data transmission by means of 
a carrier which is shifted between two preset 
frequencies. This frequency shift is usually 
accomplished by driving a VCO with the 
binary data signal so that the two resulting 
frequencies correspond to the "0" and "1" 
states (commonly called space and mark) of 
the binary data signal. 
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Figure 9-58a 

The 560N phase locked loop can be usedas 
a receiving converter to demodulate FSK 
audio tones and to provide a shifting dc 
voltage to initiate mark or space code ele­
ments. The PLL can replace thebulkyaudio 
filters and undependable relay circuits pre­
viously used for this application. Connec-

9WDOliC9 

tion of the 560N PLL as a FSK demodulator 
is illustrated in Figure 9-59. 

The system functions by locking-on and 
tracking the output frequency of the receiv­
er. The demodulator frequency shift ap­
pears at pin 9 as a direct-current voltage of 
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FSK DEMODULATOR USING 560N 

Figure 9-59 

(Equation 9-48) 
300pF 

Co = -'0- where fo is in hertz. 

The output has a swing of 2V peak-to-peak, 
over a Oto 600 baud input FSK rate, with less 
than 10% jitter at the comparator output. 
The circuit is operative over a temperature 
range of 0° to 75° C with a total drift of 
approximately 100mV over the temperature 
range. 

Phase Locked Loops 

A simple scheme using the 565 to receive 
FSK signals of 1070Hz and 1270Hz is shown 
in Figure 9-60. As the signal appears at the 
input, the loop locks to the input frequency 
and tracks it between the two frequencies 
with a corresponding dc shift at the output. 

The loop filter capacitor C2 is chosen to set 
the proper overshoot on the output and a 
three-stage RC ladder filter is used to re­
move the sum frequency component. The 
band edge of the ladder filter is chosen to be 
approximately half-way between the maxi­
mum keying rate (300 baud or bits per sec­
ond, or 150Hz) and twice the input frequen­
cy (about 2200Hz). The free-running 
frequency should be adjusted (with R1) so 
that the dc voltage level at the output is the 
same as that at pin 6 of the loop. The output 
signal can now be made logic compatible by 
connecting a voltage comparator between 
the output and pin 6. 

The input connection is typical for cases 
where a de voltage is present at the source 
and, therefore, a direct connection is not 
desirable. Both input terminals are returned 
to ground with identical resistors (in this 
case, the values are chosen to achieve a 
600n input impedance). 

A more sophisticated approach primarily 
useful for narrow frequency deviations is 
shown in Figure 9-61. Here, a constant 
current is injected into pin 8 by means of 
transistor 01. This has the effect of de­
creasing the lock range and increasing the 
output voltage sensitivity to the input fre­
quency shift. The basis for this scheme is 
the fact that the output voltage (control 
voltage for VCO) controls only the current 
through R1, while the current through 01 
remains constant. Thus, if most of the ca­
pacitor charging current is due to 01, the 
current variation due to R1 will be a small 
percentage of the total charging current 
and, consequently, the total frequency devi­
ation of the VCO will be limited to a small 
percentage of the center frequency. A 
0.25mfd loop filter capacitor gives approxi­
mately 30% overshoot on the output pulse, 
as seen in the accompanying photographs. 

about 60mV amplitude and must be ampli­
fied and signal-conditioned to interface 
with the printer. The input voltage at pin 12 
should be from 30mV to 2V peak-to-peak, 
square or sine wave. Pin 10, the de­
emphasis terminal, is used for band­
shaping. The capacitor connected between 
this terminal and ground bypasses unwant­
ed high frequency noise to ground. Pin 9 is 
the output (approximately 60ti1Vdc)which is 
amplified, conditioned and fed to a voltage 
comparator amplifier (/lA71 0) to provide the 
proper voltages for interfacing with the 
printer. Thisspecific circuit was designed to 
match the Bell 1 03C and 1030 Data Phones. 
When modifying this circuit to accommo­
date other systems, maintain the resistance 
to ground from pin 9 at approximately 
15Kn. Pins 3 and 2 are the connections for 
the external capacitor that determine the 
free-running frequency of the VCO. The 
0.33/lF value indicated provides a VCO fre­
quency, fo, of approximately 1060Hz. The 
value of the timing capacitor can be calcu­
lated by use of the following equation: 

FSK DECODER USING THE 565 

OOZpF OO~f 002pF 

000l,uF 

~~---------"",--o-5V 

Figure 9-60 
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Figure 9-62b 

The output is then filtered with a two-stage 
RC ladder filter with a band edge chosen to 
be approximately 800Hz (approximately 
half-way between the maximum kElying rate 
of 150Hz and twice the carrier frequency), 
The' number of stages on the filter can .be 
more or less depending on the degree of 
uncertainty allowable in the comparator 
output pulse. Two small capacitors (typical­
ly 0.001 mfd) are connected between pins 8 
and 7 of the 565 and across the input of the 
comparator to avoid possible oscillation 
problems. 

For best operation, the free-running VCO 
frequency should be adjusted so that the 
output voltage (corresponding to the input . 
frequencies of 1070Hz and 1270Hz swings 
equally to both sides of the reference volt­
age at pin 6. This can be easily done by 
adjusting the center frequency of the VCO 
so that the output signal ofthe ",A71 0 com­
parator has a 50% duty cycle. It is usually 
necessary to decouple pin 6 with a large 
capacitor connected to the positive supply 
in order to obtain a stable reference voltage 
for the ",A71 0 comparator. 

Figure 9-62 shows the output of the ",A71 0 
comparator and the output of the 565 phase 
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locked loop after the filter at rates of 100, 
200 and 300 baud, respectively. 

Analog Light-Coupled 
Isolators (565, 567) 
The analog isolator shown in Figure9-63a is 
basically a FM transmission system with 
light as the transmission medium. Because 
of the high degree of electrical isolation 
achieved, low-level signals may be transm.it­
ted without interference by great potential 
difference between the sending and receiv­
ing circuits. The transmitter is a 565 used as 
a VCO with the input applied to the VCO 
terminal 7. Since the light emitting diode is 
driven from the 565 VCO output, the LED 
flashes at a rate proportional to the input 
voltage. The receiver is a photo transistor 
which drives an amplifier having sufficient 
gain to apply a 200mV peak-to-peak signal 
to the input of the receiving 565, which then 
acts as a FM detector with the output ap­
pearing at pin 7. Since the output has a twice 
carrier frequency ripple, it is best to keep the 
carrier frequency as high as possible (say, 
100 times the highest modulation frequen­
cy), Because of the excellent temperature 
stability of the 565, drift is minimal even 
when dc levels are being transmitted. If 

SmODliDS 

LOG1le QurLT 15VJMl 

n Ii l C -

/ 
11', v' / I 
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IZOOm'l/CM) I I 
Figure 9-62c 

operation to dc is not required, the output of 
the receiver can be capacitively coupled to 
the next stage. Also, a 566 can be used as 
the transmitter. 

Figure 9-63b shows that the 567 may be 
used in the same manner when operation 
from 5V supplies is required. Here, the out­
put stage of the 567 is used to drive the LED 
directly. When the free-running frequency 
of the receivi ng 567 is the same as that of the 
transmitting 567, the non-linearity of the 
two controlled oscillator transfer functions 
cancel so· that highly linear information 
transfer resuhs. . 

Figure 9-64 is·an oscillogram of the input 
and output of the Figure 9-63a circuit. The 
output can easily be filtered to remove the 
sum frequency component. 

PHASE MODULATORS 
If a phase locked loop is locked onto a signal 
at the center frequency, the phase of the 
VCO will be 90~ with respect to the input 
signal. If a current is injected into the VCO 
terminal (the low pass filter output), the 
phase will shift sufficiently to develop an 
opposing average current out of the phase 
detector so that the VCO voltage is constant 



Phase Locked Loops 

LIGHT-COUPLED ANALOG ISOLATORS 

+V +V +v +v 

,./'v- '0 
7 565 4 t-JI-_~. 

INPUT 

4.7K 4.7K 

c, 

-v -v -v 

Figure 9-638 

LIGHT-COUPLED ANALOG ISOLATORS 
+5 +5 

Figure 9-63b 

WAVEFORMS OF LIGHT-COUPLED 
ANALOG ISOLATOR (CIRCUIT A) 

Figure 9-64 

+5 

Gi!lDOliCG 

,. 

+v 

-v 

OUTPUT 

lOW-PASS 
FILTER CAP 

and lock is maintained. When the input 
signal amplitude is low enough so that the 
loop frequency swing is limited by the phase 
detector output rather than the veo swing, 
the phase can be modulated over the full 
range of.O to 180·. If the input signal is a 
square wave, the phase will be a linear 
function of the injected current. 

A block diagram of the phase modulator is 
given in Figure 9-65a. The conversion factor 
K is a function of which loop is used, as well 
as the input square wave amplitude. Figure 
9-65b shows an implementation of this cir­
cuit using the 567. 

PHASE MODULATION USING THE PLL 
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Dual Tone Decoders (567) 
Two integrated tone decoders can be con­
nected (as shown in Figure 9-66a) to permit 
decoding of simultaneous or sequential 
tones. Both units must be on before an 
output is given. R1Cl and R1Cl are chosen, 
respectively, for tones 1 and 2. If sequential 
tones (1 followed by 2) are to be decoded, 
then C3 is made very large to delay turn off 
of unit 1 until unit 2 has turned on and the 
NOR gate is activated. Note that the wrong 
sequence (2 followed by 1) will not provide 
an output since unit 2 will turn off before 
unit 1 comes on. Figure 9-66b shows a 
circuit variation which eliminates the NOR 
gate. The output is taken from unit 2, but the 

unit 2 output stage is biased off by R2 and 
CRl until activated by tone 1. A further 
variation is given in Figure 9-66c. Here, unit 
2 is turned on by the unit 1 output when tone 
1 appears, reducing the standby power to 
half. Thus, when unit 2 is on, tone 1 is orwas 
present. If tone 2 is now present, unit 2 
comes on also and an output is given. Since 
a transient output pulse may appear during 
unit 1 turn-on, even if tone 2 is not present, 
the load must be slow in response to avoid a 
false output due to tone 1 alone. 

High Speed, Narrow Band Tone 
Decoder 
The circuit of Figure 9-66a may be used to 

DETECTION OF TWO SIMULTANEOUS 
OR SEQUENTIAL TONES 

OUTPUT 

Figure 9-668 

>V +V 

Figure 9-66b 
Figure 9-66c 
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obtain a fast, narrow band tone decoder. 
The detection bandwidth is achieved by 
overlapping the detection bands of the two 
tone decoders. Thus, only a tone within the 
overlap portion will result in an output. The 
input amplitude should be greater than 
70mVrms at all times to prevent detection 
band shrinkage and C2 should be between 
130/fo and 1300/fo mfd where fo is the nomi­
nal detection frequency. The small value of 
C2 allows operation at the maximum speed 
so that worst-case output delay is only 
about 14 cycles. 

Touch-Tone® Decoder (567) 
Touch-Tone@> decoding is of great interest 
since all sorts of remote control applica­
tions are possible if you make use of the 
encoder (the push-button dial) that will ulti­
mately be part of every phone. A low cost 
decoder can be made as shown in Figure 9-
67. Seven 567 tone decoders, their inputs 
connected in common to a phone line or 
acoustical coupler, drive three integrated 
NOR gate packages. Each tone decoder is 
tuned, by means of R1 and Cl, to one of the 
seven tones. The R2 resistor reduces the 
bandwidth to about 8% at 100mV and 5% at 
50mVrms. Capacitor C4 decouples the sev­
en units. If you are willing to settle for a 
somewhat slower response at low input 
voltage (50 to 100mVrms), the bandwidth 
can be controlled in the normal manner by 
selecting C2, thereby eliminating the seven 
R2 resistors and C4. 

The only unusual feature of this circuit is the 
means of bandwidth reduction using the R2 
reSistors. In the Alternate Method of Band­
width Reduction, Figure 9-68, an external 
resistor RA can be used to reduce the loop 
gain and, therefore, the bandwidth. Resistor 
R2 serves the same function as RA except 
that instead of going to a voltage divider for 
dc bias it goes to a common point with the 
six other R2 resistors. In effect, the five 567s 
which are not being activated during the 
decoding process serve as bias voltage 
sources for the R2 resistors of the two 567s 
which are being activitated. Capacitor C4 
decouples the ac currents at the common 
point. 

Figure 9-67 shows several additions to the 
"normal" method of tone decoding. The 
reduced capture time (shown dotted around 
the 697Hz decoders) and reduced unlock 
time (shown with the 1477Hz decoder) can 
be added to allow greater response time to 
the decoder at the expense of additional 
components. The addition of resistor R2 
can be of greater advantage when selected 
such that the bandwidth of each decoder 
can be individually adjusted. 
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The curve in Figure 9-69 indicates that in 
order to obtain more control of the decoder 
the resistor R2 should be less than 10K. 

The reduced capture time technique is de­
scribed below. 

Typical capture time for a phase lock loop 
can be as long as 10 cycles of incoming 
signal. For a frequency of 697Hz (low tone of 
a touch tone system) this ends up in a delay 
time of up to 15 milliseconds. Lower fre­
quencies result in much longer delays. In 
order to relieve these extended delays and 
to use external components (loop filter and 
low pass filter) which more closely match 
the design criteria, a system such as shown 
in Figure 9-67 is used. 

The output of one of the tone decoders is 
phase shifted by 90 degrees at the given 
tone and fed into the second tone decoder. 
This forces the second tone decoder veo to 
be phase shifted 90 degrees from the refer­
ence signal. The incoming signal is then fed 
to both devices. The maximum phase shift 
of the signal will be 45 degrees resulting in a 
6dS reduction in capture time. 

The approach can be further expanded if a 
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third device is used, with each loop phase 
shifted 30 degrees from each other. 

Improved noise immunity can be achieved 
by adding resistors across pins 1 and 4. A 
50kO resistor will improve the noise thresh­
old by approximately 2-3dS. In effect the 
sensitivity of the system is reduced. 

Latch up circuity is included in this set up. 
The outputs of each device are wire "OR" 
together. 

Reduced Release Time 
Due to the nature of the output fi Iter capaci­
tor and the internal resistor, the decode 
unlatch time can be as long as 40ms. This 
time can be reduced to less than 1/4 of a 
cycle of the incoming tone by incorporating 
the circuitry shown in Figure 9-67. The 
output of the 567 is "added" together along 
with the output of a comparator. The com­
parator is triggered by the output of the 567 
filter section. This output responds (within 1 
cycle) of the incoming signal. The net result 
is the increased unlatch time ofthe decoder. 

Low Cost Frequency Indicator 
(567) 
Figure 9-70 shows how two tone decoders 
set up with overlapping detection bands can 
be used for a go/no-go frequency meter. 
Unit 1 is set 6% above the desired sensing 
frequency and unit 2 is set 6% below the 
desired frequency. Now, if the incoming 
frequency is within 13% of the desired fre­
quency, either unit 1 or unit 2 will give an 
output. If both units are on, it means thatthe 
incoming frequency is within 1% of the 
desired frequency. Three light bulbs and a 
transistor allow low cost read-out. 

CRYSTAL-STABILIZED PHASE 
LOCKED .LOOP 
Figure 9-71a shows the 560N connected as 
a tracking filter for signals near 10MHz. The 
crystal keeps the free-running frequency at 
the desired value. Figure 9-71 b gives the 
lock and capture range as a function of input 
amplitude. An emitter follower has been 
added to the normal veo output to prevent 
pulling the loop off frequency. 
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Figure 9-71a 

Ramp Generators (566) 
Figure 9-72 shows how the 566 can be wired 
as a positive or negative ramp generator. In 
the positive ramp generator, the external 
transistor driven by the pin 3 output rapidly 
discharges C1 at the end of the charging 
period so that charging can resume in­
stantaneously. The pnp transistor likewise 
rapidly charges the timing capacitor C1 at 
the end of the discharge period. Because 
the circuits are reset so quickly, the tem­
perature stability of the ramp generator is 
excellent. The period Tis 1/2fo where fa is 
the 566 free-running frequency in normal 
operation. Therefore, 

(Equation 9-49) 

1 RrC1V+ 
r=-=---

210 5(V+ - Vel 
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where V e is the bias voltage at pin 5 and Rr is 
the total resistance between pin 6 and V+. 
Note that a short pulse is available at pin 3. 
(Placing collector resistance in series with 
the external transistor collector will length­
en the pu Ise,) 

Sawtooth and Pulse Generator 
(566) 
Figure 9-73 shows how pin 3 output can be 
used to provide different charge and dis­
charge currents for C1 so that a sawtooth 
output is available at pin 4 and a pulse at pin 
3. The pnp transistor should be well saturat­
ed to preserve good temperature stability. 
The charge and discharge times may be 
estimated by using the formula 

RrC1V+ (Equation 9-50) 
r= S(V+ - Vd 
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1\ I / I 

\ I II I 
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I 
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I 
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II 

10,007 

Figure 9-71b 

10.008 

where Rr is the combined resistance be­
tween pin 6 and V+ for the interval consid­
ered. 

Triangle-To-Sine Converters 

Conversion of triangular wave shapes to 
sinusoids is usually accomplished by diode­
resistor shaping networks, which accurate­
ly reconstruct the sine wave segment by 
segment. Two simpler and less costly meth­
ods may be used to shape the triangle 
waveform of the 566 into a sinusoid with less 
than 2% distortion. 

The first scheme (Figure 9-74a) uses the 
nonlinear los-Vos transfer characteristic 
of a p-channel junction FET to shape the 
triangle waveform. The second scheme 
(Figure 9-74b) uses the non-linear emitter 

NEGATIVE RAMP GENERATOR POSITIVE RAMP GENERATOR 

V. 

V+ 

1.5K 

Ve 

10K 

Figure 9-72a Figure 9-72b 
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base junction characteristic of the 511 N for 
shaping. 

In both cases, the amplitude of the triangle 
waveform Is critical and must be carefully 
adjusted to achieve a low distortion sinu­
soidal output. Naturally, where additional 
waveform accuracy Is needed, the diode­
resistor shaping scheme can be applied to 
the 566 with excellent results since it has 
very gOOd output amplitude stability when 
operated from a regulated supply. 

Single Tone Burst 
Generator (566) 
Figure 9-75 is a tone burst generator which 
supplies a tone for one-half second after the 
power supply is activated; its intended use 
is as a communications network alert signal. 
Cessation of the tone is accomplished by 
the SCR, which shunts the timing capaCitor 
C1 charge current when activated. The SCR 
is gated on when C2 charges up to the gate 
voltage, which occurs in 0.5 seconds. Since 
only 70p.A are available for triggering, the 
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SCR must be sensitive enough to trigger at 
this level. The triggering current can be 
increased, of course, by reducing R2 (and 
increasing C2 to keep the same time con­
stant). If the tone duration must be constant 
under widely varying supply voltage condi­
tions, the optional Zener diode regulator 
circuit can be added, along with the new 
value for R2, R2 = 82K. 

If the SCR Is replaced by a npn transistor, 
the tone can be switched on and off at will at 
the transistor base terminal. 

Low Frequency FM 
Generators (566) 
Figures 9-76 and 9-77 show FM generators 
for low frequency (less than 0.5mHz center 
frequency) applications. Each uses a 566 
function generator as a modulation genera­
tor and a second 566 as the carrier gener­
ator. 

Capacitor C1 selects the modulation fre­
quency adjustment range and C1 selects 
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Figure 9-73b 

the center frequency. Capacitor C2 is a 
coupling capacitor which only needs to be 
large enough to avoid distorting the modu­
lating waveform. 

If a frequency sweep in only one direction is 
required, the 566 ramp generators given in 
this section may be used to drive the carrier 
generator. 

Radio Frequency FM 
Generators (566, 560N) 
Figure 9-78 shows how a 560N may be used 
as a FM generator with modulation supplied 
by a 566 function generator. CapacitorC1 is 
chosen to give the desired modulation 
range, C2 is large enough for undistorted 
coupling and C3 with its trimmer specifies 
the center frequency. The VCO output may 
be taken differentially or single ended. 

A 561N or 562N with appropriate pin num­
bering changes may also be used in this 
application. If a sweep generator is desired, 
the 566 may be connected as a ramp gener­
ator (described elsewhere in this chapter). 
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Precision Power Inverter 
(566,540) 
Figure 9-79 shows a precision 12Vdc to 115 
Vac 100W inverter. Its triangular output is 
derived from the 566 function generator, 
providing a high degree of frequency stabil­
ity (±.02%OC), The 540 power driver is used 
to drive the power output stage. Because of 
third harmonic attenuation in the trans­
former, the output is very close to a pure 
60Hz sine wave. 

DESIGN IDEAS FOR USING 
PHASE LOCKED LOOPS 
The following design ideas were drawn 
mainly from the Signetics-EDN Phase 
Locked Loop Contest. These circuits 
should be viewed as design suggestions 
only since Signetics has not verified their 
operating characteristics. In all cases, how­
ever, the principle of operation appears to 
be sound. 
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Figure 9-76 

Quotation marks indicate quotes taken di­
rectly from the contest entry. 

Aircraft VHF 
Omnidirectional Range 
(VOR) Receiver 
Herbert F. Kraemer of Minneapolis, Minne­
sota, submitted the winning contest entry 
which uses one phase locked loop (562) as 
an AM detector, a second loop (565) as an 
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FM detector and a third loop (565) as a self­
biased phase detector. 

"The circuit is a new type of VOR (VHF 
omnidirectional range) receiver used in 
air navigation to determine an airplane's 
angular bearing with respect to a VOR 
transmitter located on the ground. The 
principles of the circuit allow any desired 
increase in accuracy, as compared to 
current units, with potential cost savings. 

"A VOR station transmits in the VHF band 
(108-117.9MHzl. Two signals are trans­
mitted on the same carrier, i.e., 

1. A 30Hz reference signal which fre­
quency modulates an audio frequency 
subcarrier of 9960Hz. This subcarrier 
then amplitude modulates the VHF 
carrier. 

854 

2. A 30Hz directional signal which ampli-
tude modulates the VHF carrier. 

"The latter signal varies in phase with 
res peat to the reference, depending on 
the bearing of the VOR station and the 
receiver. Both signals are in phase when 
the receiver is north of the transmitter 
and 180 degrees out of phase when the 
receiver is south. 

"Current VOR receivers are specified to 
be accurate within a 1-2 degree bearing, 
but many pilots accept 4 degree errors. 
The major design problem is to produce a 
receiver which will measure phase differ­
ences to an accuracy of about 1 degree, 
throughout the entire 360 degree range." 

Although analog quarter-square multipliers 
can be built to an accuracy of 0.01%, the 
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simpler analog phase detectors are only 
accurate to 3-40 • This circuit uses the 
NE562 PLL to frequency multiply the two 
30Hz signals, producing 60 and 120Hz sig­
nals. A digital method combines these sig­
nals, thereby dividing the entire range of 
bearings into eight 450 sectors. One of eight 
lights on the display will light, showing the 
pilot his approximate bearing. An analog 
method is then used to further determine 
the phase difference and the bearing within 
the given 450 sector. Extending the princi­
ple further, sectors of 221/2 0 could be used 
for improved accuracy. 

This VOR receiver does not have the con­
ventional to-from switch since it indicates 
directly throughout the entire 3600 range. 
Confusion of 1800 in bearing (going the 
wrong way) is impossible with this receiver. 

System Description (References to Block 
Number-Figure 9-80) 

Block 1. This is a standard VHF tuner. 

Block 2. The NE561 is used for IF and AM 
detection. 

Block 3. A low pass filter removes the 
9960Hz subcarrier. It appears 
that a zero crossing detector is 
not needed to shape the input 
signal to the NE562. 

Block 4. Frequency multiplier. 

Block 5. High pass filter. 

Block 6. FM detection of 30Hz signal. 

Block 7. A calibration adjustment to 
compensate for any phase shifts 
throughout the circuit. A gain 
may be needed since the FM 
detector output is low. 

Block 8. Another frequency multiplier. 



Block 9. Standard ripple flip-flops for 
divide-by-two. 

Block 10. A null principle is normally used 
in a VOR receiver so that the 
pilot can fly along a predeter­
mined course, nulling the nee­
dle by turning his plane. To in­
sure that the needle always 
reacts in the same direction for a 
given direction of error, even 
sectors are treated differently 
than odd sectors. The phase 
comparison is made with re­
spect to e for odd sectors, and 
with respect to C for even sec­
tors. 

Block 11. "At the desired null, the two 
signals must be 90 degrees out 
of phase to obtain a zero output 
from the phase detector. Some 
gain may be needed to compen­
sate for the losses in Block 10. 

Block 12. The phase detector portion of 
the NE565 only is used. The 
veo part is unused but may be 
valuable in certain types of spe­
cial displays. 
An alternate form of analog 
phase detector might be an AND 
gate followed by a standard duty 
cycle integrator, such as used 
on dwell meters. 

Block 13. The digital signals from the flip­
flops are decoded with AND 
gates to indicate the sector 
corresponding to the phase lag 
between the two 30Hz signals." 

Speech Privacy Circuit 
(Speech Scrambler) 
The second place entry was that of David M. 
Alexander of Austin, Texas. His application 
for the loop was a voice scrambl.er­
unscrambler for private communications. 
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"This circuit utilizes the principles of 
frequency inversion and masking to ren­
der speech unintelligible to listeners not 
possessing a similar unit. A synchroniza­
tion signal is generated as part of the 
scrambled signal which phase locks the 
decoding carrier oscillator to the coding 
oscillator and thus guarantees minimum 
distortion in the unscrambled speech. 
This synch signal also increases the se­
curity close to the inversion point where 
they are displaced only slightly from their 
or!ginal values. 

"In operation, a single circuit serves as 
both scrambler and unscrambler at one 
end of a two-way communications link. It 
is switched from the receive mode to the 
transmit mode by a multipole relay con­
trolled by the push-to-talk switch on the 
system microphone or handset. 

"As can be seen by the diagram (Figure9-
81), the major components of the system 
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are the synch oscillator PLL-l (NE560N), 
the carrier oscillator-modulator PLL-2 
(NE561 N) and the mixer-gain stage OA-l 
(I'A709L 

"In the transmit mode, PLL-l is adjusted 
to free-run at the inversion frequency 
(1.5kHz), or 1/2 the desired carrier fre­
quency. PLL-2 is phase locked to this 
oscillator and operates on its second 
harmonic frequency (3kHz). The audio to 
be scrambled is applied to the input of the 
multiplier of PLL-2. This produces the 
sum and difference products of the input 
audio and the encoding carrier. The sum 
product is filtered out by the low pass 
filter (Lx-Cx), leaving only the difference 
product. This product consists of the 
original audio signal with the frequency 
components inverted about 1/2 the carri­
er frequency, or 1.5kHz. The square wave 
output of the oscillator of PLL-l is low 
pass filtered by network Ly-Cy to pro­
duce a sine wave sync signal which is 
mixed with the inverted speech by OA-l 
to produce the final scrambled signal. 

"In the receive mode, PLL-l is phase 
locked to the 1.5kHz synch and masking 
signal and acts as a signal conditioner for 
this signal. PLL-2 doubles this frequency 
to produce the decoding carrier. The 
scrambled signal is notch-filtered by net­
work Lz-Cz to remove the 1.5kHz sync 
and masking signal and the resultant 
inverted audio applied to the multiplier of 
PLL-2. Here it is re-inverted in a manner 
similar to that of the transmit mode. The 
resultant unscrambled audio is amplified 
in OA-l for output to further system 
audio stages." 

[Note: It is suggested that the 1.5kHz "sync 
and masking" signal be changed to 1.0kHz, 
since PLL-2 (free-running at 3kHz) will lock 
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Figure 9-81 

to the third harmonic of the 1 kHz square 
wave from the PLL-l more readily than to 
the small second harmonic of the 1.5kHz 
signal. It may then be desirable to discon­
nect the notch filter during transmission. Of 
course, the filters may be implemented us­
ing active filter techniques.] 

Precision Programmable 
Time Delay Generator 
Sam Butt of Gaithersburg, Maryland, sub­
mitted the third place entry. This circuit 
provides both a pulse and a high frequency 
output at some time td after an input pulse is 
received. The interval td is programmable in 
10 steps by means of a digital output switch. 

Figure 9-82 shows the circuit in simplified 
form. It works as follows: 

The 562 VCO is set so that its center fre­
quency is at a pOint slightly above (say 
10.5MHz) the window of the 10MHz band 
pass filter (BPFl. Thus, no rf appears at the 
output. When a pulse is received at the 
input, the flip-flop is set so as to actuate one 
input A of the N8880A NAND gate. 

The other side of the NAND gate B receives 
a signal which occurs at the rate of friM 
where M is set by the binary-output switch. 
The output of the NAND gate begins to drive 
the N8291A bina:ry ripple counter which is 
connected to the divide-by-N circuit in the 
loop feedback path. When 10 counts have 
been registered, the divide-by-N counter is 
putting out foll0 or (in the assumed case) 
1.05 MHz. Since the phase comparator now 
sees two frequencies very close together, 
the loop locks up and fa = 10fr. Since fr is 
lMHz, the VCO operates at 10 MHz rfwhich 
the band pass fi Iter passes to the output. 
Th is rf is detected and used to reset the 
input flip-flop and the counter in prepara­
tion for the next input pulse. Theduration of 
the rf output is determined mainly by the 

G~nltiCG 

detector time constant. The duration of the 
output pulse, which begins when the rf 
detector actuates the one-shot, is deter­
mined by the one-shot time constant. 

(Equation 9-51) 

. . I NM The delay lime IS d = f, 

where M is settable between 1 and 10 using 
the digital switch. 

Metal Detector Using PLL 
as a Frequency Meter (565) 
The metal detector shown in Figure 9-83 
was submitted to the Signetics-EDN Phase 
Locked Loop Contest by Jim Blecksmith of 
Irvine, California. It incorporates a 565 as a 
frequency meter which indicates the fre­
quency change in a Colpitts oscillator 
whose tank coil approaches a metal object. 
The loop output voltage at pin 7 is com pared 
with the reference voltage at pin 6 and the 
difference amplified by meter amplifier 04, 
05. 

To increase the loop output (pin 7) to about 
0.5V per percent of frequency deviation, a 
current source (02, 03) is used to supply 
most of the capaCitor (2.5mA) charge and 
discharge current at pin 8. The 20k resistor 
connected to pin 8 changes the charge and 
discharge current by 0.5V/20kO = 0.25mA 
or about 1% per 0.5V. Since the voltage at 
pins 8 and 7 track, the loop output voltage is 
also 0.5V per percent deviation. (This 
technique of increasing loop output swing 
for small frequency deviations is discussed 
in the Expanding Loop capability section of 
th is chapter.l 

Increasing oscillator frequency, as indicat­
ed by a rising meter indication, results when 
the search coil is brought near a non­
ferrous metal object. Reduced oscillator 
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frequency, as indicated by a dropping meter 
reading, results from the search coil being 
brought near a ferrous object. 

Programmed Phase or 
Frequency Shift 
Howard E. Clupper of Chadds Ford, Penn­
sylvania, submitted the following circuit in 
which "a digital phase shifter is inserted in 
the loop between the VCO and the phase 
comparator. The phase shift is programmed 
by sequentially selecting the ring counter 
by means of the multiplexer and up-down 
counter. 

"As shown in Figure 9-84, the eight ring 
counter outputs are separated by 45°, 
which is within the lock-in range of the 
loop. Output 1 is constrained to follow 

I 
I 

.00' +1SV 

,.5K 

L.____________ _ _____ J 

ABC 0 

Figure 9-82 

the phase shift introduced and may be 
used, for example, to drive a synchro­
nous motor above or below its normal 
speed, while still maintaining reference 
with the input. This is accomplished by 
monitoring the contents of the up-down 
counter (which may be any length), As 
long as the counter does not overflow, 
the motor may be advanced or retarded in 
any manner and then returned to the 
original relationship with respect to the 
60Hz reference input by running the UfO 
counter to the initial value. 

"For higher frequency outputs, a divide­
by-N counter may be added in the normal 
manner and the output taken directly 
from the VCO at output 2. 

"Operation in this mode would provide 

SmootiCS 

DELAVED 
PULSE OUT 

means to generate a precisely controlled 
FM signal of any arbitrary center frequen­
cy depending upon the frequency of the 
reference input and the value of N." 

The 565 may be used in this circuit in place 
of the 562 for lower frequency applications 
<less than 500kHz). 

FSK Data Converter For 
Cassette Recorder 
A circuit scheme which allows an ordinary 
reel or cassette tape recorder to be used as a 
digital data recorder was submitted by 
Daniel Chin of Burlington, Massachusetts. 

"The circuit design allows any single­
track audio tape recorder with frequency 
response to 7kHz to be used as a digital 
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recorder for many non-critical applica­
tions. This application provides a com­
plete data recording system using two 
recorded frequencies on a single track. 
The two frequencies are obtained from 
two synchronized NE565s. Detection of 
the recorded frequencies requires a third 
NE565. A fourth circuit is used to gener­
ate and synchronize the system clock. 
The advantages obtained by using these 
techniques are elimination of the need 
for: 

1. A timing channel to strobe off the data, 
or 

2. A third frequency for nUll, while using 
the other two frequencies for 1 and O. 

"This implementation, therefore, is one of 
the simplest ways to get a digital record­
ing system on an audio recorder. It is 
shown in block diagram form in Figure 9-
85. 

"The parameters chosen for the circuit 
design allow a digital recording bit rate 
of 800Hz or 100 8-bit characters per sec­
ond. Though 100 characters per second 
is less than the 300-character-per­
second speed of a high-speed paper 
tape reader, the low cost of this circuitry 
combined with the audio tape recorder 
should make this system very attractive 
from a cost performance viewpoint. This 
is especially true when compared with 
the normal Teletype speed of 10 charac­
ters per second. 

"The circuits will also work with the readi­
ly available low cost cassette recorders 
now available, which make compact as 
well as low cost information storage. A 
FSK system of recording is used, which 
allows the voice recording and reproduc­
tion electronics of the recorder to be 
unmodified for use in recording digital 
information. The retained electronics 
may also be. used to record voice 
message identifi'bation of the various sec­
tions of the tape. 

"The intended use of this circuit is to 
convert an audio recorder for minicom­
puter written for engineering design ap­
plications. Such an application requires 
good information storage and retrieval 
over a wide range of storage time. Redun­
dancy may be incorporated by using a 
two-channel recorder (stereo) and a FSK 
detector per channel. The outputs of the 
two detectors could then be ORed digi­
tally to recover recorded 1s and, thus, 
give a safeguard against dropouts. 

Circuit Description 
"Four NE565s are used in three circuits to 
achieve the design. These are: 
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"The FSK detector (Figure 9-86a) is used 
to detect 6.4kHz for a 1 and 4.8kHz for a O. 
The data output is taken from a pA711. 
connected to pins 7 and 6 of the NE565. 
The recording method used is RZ FSK, 
Which means that a zero is recorded as 
4.8kHz for the entire bit period and one is 
recorded as 6.4kHz for about 60 percent 
of the period and 4.8kHz for the remain­
ing 40 percent of the period. This 60 
percent bit duty cycle insures that the 
clock will synchronize with a negative 
transition during the time that a 1 should 
be detected. 

"The clock generator (Figure 9-86b) is 
used to derive the 800Hz with no input. 
When the data pulses are extracted from 
the recorded data, the clock is synchro-

Si,gnotics 

nized to the data. The design allows upto 
7 zeros in succession without causing the 
clock to go out of synchronization. This 
condition is easily met if odd parity is 
used to record the 8-bit characters. (One 
of the 8 bits is a parity bit and, thus, one 
bit out of 8 is always a one.) 

"The FSK generator (Figure 9-86c) pro­
vides the FSK signal for recording on 
tape. It consists of 2 oscillators locked to 
the basic 800Hz system clock but oscil­
lating at 6.4kHz and 4.8kHz. The incom­
ing data to be recorded selects either 
oscillator as the frequency to be re­
corded. Harmonic suppression of the 
square wave output is taken care of auto­
matically by the high frequency roll off 
characteristic of the tape recorder." 
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Tape Recorder Flutter Meter 
Using the 561 as a flutter meter for tape 
recorders was suggested by Ronald Blair of 
Houston, Texas. His circuit is given in Fig­
ure 9-87. 

"The Signetics PLL 561 N is. used to detect 
the frequency variations of the playback 
3kHz tone. The VCO frequency is set to a 
nominal 3kHz by Co and fine tuning trim­
mer. The demodulated output is ac cou­
pled to a high input impedance amplifier. 
An oscilloscope can be used to measure 
peak deviations and a true RMS voltmeter 
is used to make RMS flutter readings. 
Note: Waveform is complex and averag­
ing or peak reading meters will not give 
true readings. 

"The output may be calibrated by feeding 
in a 3kHz tone from an oscillator and 
offsetting the frequency by 1% and 
measuring the output level shift. Good 
recorders have RMS flutter of less than 
0.1 %. The output can be fi Itered to study 
selected freq uency bands. 

"Speed variations in the movement of 
tape across the heads in a 4 tape recorder 
cause the playback frequency to vary 
from the original signal being recorded. 
These speed variations are caused by 
mechanical problems associated with the 
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Figure 9-86c 

FLUTTER METER USING 561N 

Figure 9-87 

tape drive and tape guidance mecha­
nisms. The variation in frequency of the 
playback signal is called flutter and is 
generally measured over a frequency 
range of 0.5Hz + 0.200Hz. 

"Test tapes with low recorded flutter 
variations are available to test playback 
mechanisms. These tapes are standard­
ized at 3kHz. With the systems equipped 
with record heads, a 3kHz can be re­
corded for analysis." 

[Note: A 565 may be used in place of the 
561N since the frequency is quite low,] 
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Appendices of Commonly Used Tables 

INCHES 
DECIMAL MILLIMETER 

EQUIVALENT EQUIVALENT 
MATHEMATICAL CONSTANTS 

1/64 .0156 0.397 
1/32 .0313 0.794 

3/64 .0469 1.191 7r 3.14 V7r = 1.77 
1/16 .0625 1.588 

5/64 .0781 1.985 
3/32 .0938 2.381 

7/64 .1094 2.778 
1/8 .1250 3 .. 175 

9/64 .1406 3.572 
5/32 .1563 "3.969 

11/64 .1719 4.366 
3/16 .1875 4.762 

27r 6.28 V; = 1.25 
(27r)2 39.5 

47r 12.6 
V2 1.41 

7r2 9.87 
V3 1.73 

13/64 .2031 5.159 
7/32 .2188 5.556 

15/64 .2344 5.953 
1/4 .2500 6.350 

1 0.707 7r 1.57 V2 2 

17/64 .2656 6.747 
9/32 .2813 7.144 

19/64 .2969 7.541 

1 0.318 
1 0.577 

7r V3 
5/16 .3125 7.937 

21/64 .3281 8.334 
11132 .3438 8.731 

23/64 .3594 9.128 
3/8 .3750 9.525 

25/64 .3906 9.922 

1 0.159 log 7r 0.497 
27r 

log ~ 0.196 
1 0.101 

. 2 
13/32 .4063 10.319 

27/64 .4219 10.716 
7/1.6 .4375 11.112 

29/64 .4531 11.509 
15/32 .4688 11.906 

7r2 
log 7r2 = 0.994 

1 = 0.564 
V7r log V:;;: = 0.248 

31/64 .4844 12.303 
1/2 .5000 12.700 TEMPERATURE CONVERSION TABLE 

33/64 .5156 13.097 
17/32 .5313 13.494 

35/64 .5469 13.891 °C OF °C OF °C of °C of 
9/16 .5625 14.287 -100 -148 + 60 +140 +220 +428 +380 +716 

37/64 .5781 14.684 
19/32 .5938 15.081 

- 95 -139 + 65 +149 +225 +437 +385 +725 
- 90 -130 + 70 +158 +230 +446 +390 +734 

39/64 .6094 15.478 - 85 -121 + 75 +167 +235 +455 +395 +743 
5/8 .6250 15.875 - 80 -112 + 80 +176 +240 +464 +400 +752 

41/64 .6406 16.272 
21/32 .6563 16.669 

43/64 .6719 17.067 
11/16 .6875 17.463. I 

45/64 .7031 17.860 
23/32 .7188 18.238 

- 75 -103 + 85 +185 +245 +473 +405 +761 
- 70 - 94 + 90 +194 +250 +482 +410 +770 
- 65 - 85 + 95 +203 +255 +491 +415 +779 
- 60 - 76 +100 +212 +260 +500 +420 +788 
- 55 - 67 +105 +221 +265 +509 +425 +797 
- 50 - 58 +110 +230 +270 +518 +430 +806 
- 45 - 49 +115 +239 +275 +527 +435 +815 

47/64 .7344 18.635 - 40 - 40 +120 +248 +280 +536 +440 +824 
3/4 .7500 19.049 - 35 - 31 +125 +257 +285 +545 +445 +833 

49/64 .7656 19.446 
25/32 .7813. 19.842 

- 30 - 22 +130 +266 +290 +554 +450 +842 
- 25 - 13 +135 +275 +295 +563 +455 +851 

51/64 .7969 20.239 
13/16 .8125 20.636 

53/64 .8281 21.033 
27/32 .8438 21.430 

- 20 - 4 +140 +284 +300 +572 +460 +860 
- 15 + 5 +145 +293 +305 +581 +465 +869 
- 10 + 14 +150 +302 +31{) +590 +470 +878 

5 + 23 +155 +311 +315 +599 +475 +887 
0 + 32 +160 +320 +320 +608 +480 +896 

55/64 .8594 21.827 + 5 + 41 +165 +329 +325 +617 +485 +905 
7/8 .8750 22.224 + 10 + 50 +170 +338 +330 +626 +490 +914 

57/64 .8906 22.621 + 15 + 59 +175 +347 +335 +635 +495 +923 
29/,32 .9063 23.018 + 20 + 68 +180 +356 +340 +644 +500 +932 

59/64 .9219 23.415 
15/16 .9375 23.812 

61/64 .9531 24.209 
31/32 .9688 24.606 

63/64 .9844 25.004 
1.0 1.0000 25.400 

+ 25 +77 +185 +365 +345 +653 +505 +941 
+ 30 + 86 +190 +374 +350 +662 +510 +950 
+ 35 + 95 +195 +383 +355 +671 +515 +959 
+ 40 +104 +200 +392 +360 +680 +520 +968 
+ 45 +113 +205 +401 +365 +689 +525 +977 
+ 50 +122 +210 +410 +370 +698 +530 +986 
+ 55 +131 +215 +419 +375 +707 +535 +995 
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Appendlce. of Commonly U.ed Table. 

TABLE OF DECIBELS 

DECIBEL GAIN DECIBEL DECIBEL GAIN DECIBEL DECIBEL GAIN DECIBEL DECIBEL GAIN DECIBEL 
(Voltage) LOSS (Power) (Voltage) LOSS (Power) (Voltage) LOSS (Power) (Voltage) LOSS (Power) 

.0 1.0000 1.000 .0 5.0 .5623 1.778 .50 10.0 .3162 3.162 5.00 15.0 .1778 5.623 .50 

.1 .9886 1.012 .05 .1 .5559 1.799 .55 .1 .J126 J.199 .05 .1 .1758 5.689 .55 

.2 .9772 1.02J .10 .2 .5~95 1.820 .60 .2 .J090 J.2J6 .10 .2 .17J8 5.754 .60 

.J .9661 1.0J5 .15 .J .5433 1.8~1 .65 .J .3055 3.273 .15 .J .1718 5.821 .65 

.~ .9550 1.0~7 .20 .~ .5370 1.862 .70 .4 .3020 3.311 .20 .4 .1698 5.888 .70 

.5 .9~~1 1.059 .25 .5 .5309 1.88~ .75 .5 .2985 3.350 .25 .5 .1679 5.957 .75 

.6 .9333 1.072 .30 .6 .52~8 1.905 .80 .6 .2951 J.J88 .JO 6 .1660 6.026 .80 

.7 .9226 1.084 .35 .7 .5188 1.928 .85 .7 .2917 3.428 .35 .7 .1641 6.095 .85 

.8 .9120 1.096 .~o .8 .5129 1.950 .90 .8 .2884 3.467 .40 .8 .1622 6.166 .90 

.9 .9016 1.109 .~5 .9 .5070 1.972 .95 .9 .2851 3.508 .45 .9 .1603 6.237 .95 

1.0 ... 13 1.122 .50 6.0 .5012 1.995 3.00 11.0 .28" 3.541 .50 16.0 .1585 6.310 '.00 
.1 .8810 1.135 .55 .1 .4955 2.018 .05 .1 .2786 3.589 .55 .1 .1567 6.383 .05 
.2 .8710 1.148 .60 .2 .4898 2.042 .10 .2 .2754 3.631 .60 .2 .1549 6.457 .10 
.J .8610 1.161 .65 .3 .48~2 2.065 .15 .J .272J 3.613 .65 .3 .1531 6.531 .15 
.~ .8511 1.175 .70 .~ .4786 2.089 .20 .4 .2692 3.715 .70 .4 .1514 6.607 .20 
.5 .8~1~ 1.189 .75 .5 .4732 2.113 .25 .5 .2661 3.758 .75 .5 .1496 6.683 .25 
.6 .8318 1.202 .80 .6 .4677 2.138 .30 .6 .2630 3.802 ,80 .6 .1479 6.761 .30 
.7 .8222 1.216 .85 .7 .4624 2.163 .35 .7 .2600 3.846 .85 .7 · I 462 6.839 .J5 
.8 .8128 1.230 .90 .8 .4571 2.188 .40 .8 .2570 3.890 .90 .8 .1445 6.918 .40 
.9 .8035 1.245 .95 .9 .4519 2.213 .45 .9 .2541 3.936 .95 .9 .1429 6.998 .45 

2.0 ,7·943 1.259 1.00 7.0 .4467 2.239 .50 12.0 .2512 3.981 6.00 17.0 .1413 7.079 .50 
.1 .7852 1.274 .05 .1 .4416 2.265 .55 .1 .2483 4.027 .05 .1 .1396 7.161 .55 
.2 .7762 1.288 .10 .2 .4365 2.291 .60 .2 .2455 4.074 .10 .2 .1380 7.244 .60 
.3 .767~ 1.303 .15 .3 .~315 2.317 .65 .3 .2427 4.121 .15 .3 .1365 7.328 .65 
.4 .7586 1.318 .20 .~ .~266 2.344 .70 .4 .2399 4.169 .20 .4 .1349 7,4 I 3 .70 
.5 .7~99 1.33~ .25 .5 .~217 2.371 .75 .5 .2371 4.2 I 7 .25 .5 .13J4 7.499 .75 
.6 .7413 1.349 .30 .6 .4169 2.399 .80 .6 .2344 4.266 .30 .6 · I 3 I 8 7.586 .80 
.7 .7328 1.365 .35 .7 .... 121 2.427 .85 .7 .2317 4.315 .35 .7 · 1303 7.674 .85 
.8 .7244 1.380 .40 .8 .407~ 2.455 .90 .8 .2291 4.365 .40 .8 .1288 7.762 .90 
.9 .7161 1.396 .~5 .9 .~027 2.~83 .95 .9 .2265 4.416 ,45 .9 .1274 7.852 .95 

3.0 .7079 1.413 .50 '.0 .3981 2.512 4.00 13.0 .2239 4.467 .50 11.0 .1259 7.943 9.00 
.1 .6998 1.429 .55 .1 .3936 2.541 .05 .1 .2213 4.519 .55 .1 .1245 8.035 .05 
.2 .6918 1.445 .60 .2 .3890 2.570 .10 .2 .2188 4.571 .60 .2 .12JO 8.128 .10 
.3 .6839 1.462 .65 .3 .3846 2.600 .15 .3 .2163 4.624 .65 .3 .1216 8.222 .15 
.~ .6761 1.479 .70 .4 .3802 2.630 .20 .4 .2138 4.677 .70 .4 .1202 8.318 .20 
.5 .6683 1.496 .75 .5 .3758 2.661 .. 25 .5 .2113 4.732 .75 .5 .1189 8.414 .25 
.6 .6607 1.514 .80 .6 .3715 2.692 .30 .6 .2089 4.786 .80 .6 · I 175 8.511 .30 
.7 .6531 1.531 .85 .7 .3673 2.723 .35 .7 .2065 4.842 .85 .7 .1161 8.610 .35 
.8 .6457 1.5~9 .90 .8 .3631 2.75~ .40 .8 .2042 4.898 .90 .8 .1148 8.71-0 .40 
.9 .6383 1.567 .95 .9 .3589 2.786 .45 .9 .2018 4.955 .95 .9 .1135 B.811 .45 

4.0 .6310 l.i.5 2.00 9.0 .3548 2.811 .50 '14.0 .1995 5,012 7.00 19.0 .1122 '.913 .50 
.1 .6237 1.603 .05 .1 .3508 2.851 .55 .1 .1972 5.070 .05 .1 .1109 9.016 .55 
.2 .6166 1.622 .10 .2 .J467 2.884 .60 .2 .1950 5.129 .10 .2 .1096 9.120 .60 
.3 .6095 1.641 .15 .3 .3428 2.917 .65 .3 .1928 5.188 .15 .3 .1084 9.226 .65 
.4 .6026 1.660 .20 .~ .3388 2.951 .70 .4 .1905 5.248 .20 .4 .1072 9.333 .70 
.5 .5957 1.679 .25 .5 .3350 2.985 .75 .5 .1884 5.309 .25 .5 .1059 9.441 .75 
.6 .5888 1.698 .30 .6 .3311 3.020 .80 .6 .1862 5.370 .30 .6 .1047 9.550 .80 
.7 .5821 1.718 .35 .7 .3273 3.055 .85 .7 .1841 5.433 .35 .7 .1035 9.661 .85 
.8 .5754 1.738 .40 .8 .3236 3.090 .90 .8 .1820 5.495 .40 .8 .1023 9.772 .90 
.9 .5689 1.758 .45 .9 .3199 3.126 .95 .9 .1799 5.559 .45 .9 .1012 9.886 .95 

DECIBEL 
LOSS GAIN DECIBEL DECIBEL 

LOSS GAIN DECIBEL 
(Voltage) (Power) (Voltage) (Power) 

20.0 .1000 10.00 10.00 60.0 .001 1,000 30.00 

Use the same Use the same This Use the same Use the same This 
numbers as 0- numbers as 0- column numbers as 0- numbers as 0- column 
20 dB, but shift 20dB, but shift repeats 20dB, but shift 20 dB, but shift repeats 
point one step point one step every point three point three every 
to the left. to the right. 10dB steps to the steps to the 10dB 
Thus since Thus since instead of left. right. instead 
10dB = .3162 10dB = 3.162 every 20dB Thus since Thus since of every 
30dB = .03162 30dB = 31.62 10dB = .3162 10dB = 3.162 20dB 

70dB = .0003162 70dB = 3162. 

40.0 .01 100 20.00 80.0 .0001 10,000 40.00 

Use the same Use the same This Use the same Use the same This 
numbers as 0- numbers as 0- column numbers as 0- numbers as 0- column 
20 dB, but shift 20 dB, but shift repeats 20 dB, but shift 20dB, but shift repeats 
pOint two pOint two every point four point four every 
steps to the steps to the 10dB steps to the steps to the 10dB 
left. right. instead of left. right. instead 
Thus since Thus since every Thus since Thus since of every 
10dB = .3162 10dB = 3.162 20dB 10dB = .3162 10dB = 3.162 20dB. 
SOdB = .003162 SOdb = 316.2 90dB = .00003162 90dB = 31620. 

100.0 .00001 100,000 50.00 
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Append/ces of Common/yUsed .Tab/es 

FREQUENCY CONVERSION FACTORS 

866 

ACCUMULATED TIME ERROR, MICROSECONDS 

Frequency Conversion Factors 

1 min=60 sec=6 x 107 p.sec 
1 hr.=3600 sec=3.6 x 10e psec 
1 daY=8.64 x l04sec=B.64 x 1010 ,usec 
1 microsecond/min=1.667 x 10-8 
1 microsecond/hr.=2.78 x 10-10 
1 microsecond/day= 1. 16 x 10-1 1 

Fractional frequency error, ~ = 

difference in microseconds x 10-6 
elapsed time in seconds 

9jgDOtiC9 



miliTARY 

smDotms 867 



868 SmDotiCS 



The Signetics Mil 38510/883 Program is 
organized to provide a broad selection of 
processing options, structured around the 
most commonly requested customer flows. 
The program is designed to provide our 
customers: 

• Standard processing flows to help minimize the 
need for custom specs. 

• Cost savings realized by using standard pro­
cessing flows in lieu of custom flows. 

• Better delivery lead times by minimizing spec 
negotiation time, plus allows customers to buy 
product off-the-shelf or in various stages of 
production rather than waiting for devices 
started specifically to custom specs. 

The following explains the different pro­
cessing options available to you. Special 
device marking clearly distinguishes the 
type of screening performed. Refer to 
Tables 1 and 2. 

JAN QUALIFIED (JB) 
JAN Qualified product is designed to give 
you the optimum in quality and reliability. 
The JAN processing level is offered as the 
result of the government's product stand­
ardization programs, and is monitored by 
the Defense Electronic Supply Center 
(DESC), through the use of industry-wide 
procedures and specifications. 

JAN Qualified products are manufactured, 
processed and tested in a government certi­
fied facility to MiI-M 38510, and appropriate 
device slash sheet specifications. Design 
documentation, lot sampling plans, electri­
cal test data and qualification data for each 
specific part type has been approved by the 
Defense Electronic Supply Center (DESC) 
and products appear on the DESC Qualified 
Products List (QPL-3851OJ. 

Group B testing, per Mil-Std-883 Method 
5005, is performed on each six weeks of 
production on each slash sheet for each 
package type. Group C, per Mil-Std-883 
Method 5005, is performed every ninety 
days for each microcircuit group. Group D 
testing, per Mil-Std-883 Method 5005, is 
performed every six months for each pack­
age type. 

In addition to the common specs used 
throughout the industry for processing and 
testing, JAN Qualified products also pos­
sess a requirement for a standard marking 
used throughout the IC industry. 

JAN PROCESSING (JBX) 
This option is extremely useful when the 
reliability and screening of a JAN device is 
required, however, Signetics is not listed on 
the QPL for the product needed. Processing 
is performed to Mil-Std-883 Method 5004, 
and product is 100% electrically tested to 
the appropriate JAN slash sheet. 

Group B, C and D data for JAN processed 
and the other military processing levels 

JB JBX RBX RB S 

JAN JAN JAN Mil 
Qualified Processed Rei 1883 Temp 

54/54H X X X X X 
54LS X X X X X 
54S X X X X X 
82/8T X X X X X 
93XX X X X X X 
96XX - - X X X 
Linear Planned X X X X 
Bipolar Memory Planned - X X X 
Microprocessor - - X X X 

Table 1 MILITARY SUMMARY 

JAN SIGNETICS MILITARY PACKAGE TYPES 
CASE OUTLINE. 

AND Dual-In-Line 

LEAD FINISH 8-Pin 10-Pin 14-Pin 16-Pin 24-Pin 

CB - - F -
EB - - - F -
JB - - - - I/F" 
DB - - W - -
FB - - - W -
ZC - - - - Q 
GC T - - - -
IC - K - - -

"The gold plated versions of these packages will be available for a limited time, 

All products listed In the Military section are also available in Ole form. 

Table 2 MILITARY PACKAGE AVAILABILITY 

which follow, consist of Group B, C and D 
testing performed per Mil-Std-883 Method 
5005, In accordance with the Signetics Mili­
tary Data Program. 

JAN REL (RBX) 
Processing to this option is ideal when no 
JAN slash sheets are released on device.s 
required. Product is processed to Mil-Std-
883 Method 5004, and is 100% electrically 
tested to industry data sheets. 

1883B (RB) 
Th is is a lower priced version of the JAN Rei 
option described above. Processing is 
identical with the only exceptions being the 
dc electrical testing over the temperature 
range and ac electrical testing at room 
temperature are performed as a part of 
Group A instead of 100%. 

MIL TEMP/883C (SIRC) 
If you need a Military temp. range device, 

9!!1DOtIG9 

but do not require all the high reliability 
screening performed in the other process­
ing options, our Mil-Temp. product is ideal. 
Mil-Temp. parts are the standard full Mil­
Temperature range product guaranteed to a 
1% AQL to the Signetics data sheet parame­
ters. 

MILITARY GENERIC DATA 
Signetlcs has 'a new program for those 
customers who require quality conform­
ance data on their products. This program 
allows our customers to obtain reliability 
information without the necessity of run­
ning Groups B, C and D Inspections fortheir 
particular purchase order. It provides for the 
customer something that has not been read­
ily available before in the semiconductor 
industry in that all Military Generic Data is 
controlled and audited by both Government 
Inspection in the case of JAN data and 
Signetics Quality Assurance. 
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Signetics Military Generic Data is compiled 
by the Military Products Division based on 
data from 1) JAN quality conformance lots, 
and 2) Data generated by quality conform­
ance lots run for other reliability programs. 
Refer to Table 3. 

Military Generic Data 

• Allows our customers to qualify Signet­
ics products based on existing quality 
conformance data performed at Signet­
ics. 

and improve deliveries. 
• Provides assurance that all Signetics die 

function families and packages meet 
Mil-M-38510 and customer reliability re­
qui rements. 

• Provides an attributes summary to the 
customer backed by lot identity and 
traceability. A Military Generic family is defined as con­

sisting of die function and package type 
families. 

• Allows our customers to reduce costs 

QUALIFIED 
SUB-GROUPS 

A 
B 

QUALIFIES 

Electrical Test 
Package-Same package construction and lead 
finish. 

OPTION 1 

See NOTE 1 
Data selected from devices man­
ufactured within 6 weeks of the 

OPTION 2 

See NOTE 1 
Data selected from devices 
manufactured within 24 weeks 

manufacturing period on the of manufacturing period. 
same production line through 
final seal. 

C Die/Process-Devices representing the same Data selected from representa- Data selected from the repre-

D 

NOTE 

process families. tive devices from the same mi- sentative devices from the 
crocircuit group and sealed same microcircuit group and 
within 12 weeks of the man- sealed within 48 weeks of the 

Package-Same package construction and lead 
finish. 

ufacturing period. manufacturing period. 

Data selected from the devices Data selected from the devices 
representing the same package representing the same pack­
construction and lead finish age construction and lead fin­
manufactured within the 24 ish manufactured within the 52 
weeks of manufacturing period. weeks of manufacturing peri-

If specific data not available, 
Option 2 will be supplied. 

od. 

1, Group A is performed on each lot or sublat of Signetics devices. 
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FOR GENERIC DATA 

Smnl!tiCS 



PROCESSING LEVELS 

DESCRIPTION OF MIL-M-38510 AND MIL-STD- REQUIRE- JAN 
REQUIREMENTS 883 REQUIREMENTS, METH- MENT JAN Proc- JAN 
AND SCREENS ODS AND TEST CONDITIONS CLASS Qualified essed ReI 1883B 1883C 

A (JB) (JBX) (RBX) (RB) (RC) 

General MiI-M-38510 The manufacturer shall estab- - X X N/A N/A N/A N/A 
1. Pre-Certification lish and implement a Products 

A.Product Assur- Assurance Program Plan and 
ance Program Plan provide for a manufacturer sur-

B. Manufacturer's vey by the qualifying activity, 
Certification Para. 3.4.1.1 

2. Certification Received after manufacturer has - X X N/A N/A N/A N/A 
completed a successful survey, 
Para. 3.4.1.2 

3. Device Qualifica- Device qualification shall con- - X X N/A N/A N/A N/A 
tion sist of subjecting the desired de-

vice to groups A, B, C & 0 of 
method 5005 to tightened L TPD, 
Para. 3.4.1.2 

4. Traceability Traceability maintained back to - X X X X X X 
a production lot Para. 3.4.6 

5. Country of Origin Devices must be manufactured, - X X N/A N/A N/A N/A 
assembled, and tested within the 
U.S. or its territories, Para. 3.2.1 

Screening Per Method 
5004 of Mil-Std-883 
6. I nternal Visual (Pre- 2010, Condo A or B 100% XA XB XB XB XB XB 

cap) 

7. Stabilization Bake 1008, Condo C Min; 100% X X X X X X 
(24 Hrs @ 150°C) 

8. Temperature 1010, Condo C; 100% X X X X X X 
Cycling* (10 cycles, -65°C to +150°C) 

'For Class Band C de-
vices thermal shock may 
be substituted, 1011, 
Condo A; (15 cycles, 0° 
to +1 00° C) 
9. Constant Accelera- 2001, Condo E; 100% X X X X X X 

tion (30kg in VI Plane) 

10. Visual Inspection There is no test method for th is 100% X X X X X X 
screen; it is intended onlyforthe 
removal of "Catastrophic Fail-
ures" defined as "Missing Leads, 
Broken Packages or Lids Off." 

11. Seal (Hermeticity) 1014 
A. Fine Condo A or B (5.0 X 10-BCC/Sec) 100% X X X X X X 
B. Gross Condo C2 Min. 100% X X X X X X 

12. Interim Electricals Per applicable device specifica- 100% 100% Slash Slash Data Data 
(Pre Burn-In) tion Optional Read & Sheet Sheet Sheet Sheet N/A 

13. Burn-In 1015, Condo as specified (160 
Record 

hrs. Min. at 125°C) 100% 100% X X X X N/A 
14. Final Electricals Per applicable Device Specifi- 240 hrs. 

cation 100% 100% Slash Slash Data Data Data 
Read & Sheet Sheet Sheet Sheet Sheet 

A. Static Tests Record 
@25°C Sub Group 1 X X X X X X 

B. Static Tests 
@+125°C Sub Group 2 X X X X N/A N/A 

C. Static Tests 
@ -55°C Sub Group 3 X X X X N/A N/A 

Table 4 REQUIREMENTS AND SCREENING FLOWS FOR STANDARD CLASS B PRODUCTS 
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DESCRIPTION OF 
REQUIREMENTS 
AND SCREENS 

D. Dynamic Test 
@25°e 

E. Functional 
Test @ 25°e 

F. Switching 
Test @ 25°e 

MIL-M-38S10 AND MIL-STD- REQUIRE-
883 REQUIREMENTS, METH- MENT 
ODS AND TEST CONDITIONS 

Sub Group 4 for (Linear Product 
Mainly) 

Sub Group 7 

Sub Group 9 

15. Percent Defective al- A PDA of 10% is a normal re-
lowable (PDA) quirement applied against the 

static tests @ 25°e (A-1>. This is 
controlled by the slash sheets 
for JB & JBX products. For RBX 
& RB 10% is standard. 10% 

100% 16. Marking 

17. X-Ray 

18. External Visual 

Quality Conformance 
Inspection per Method 
5005 of MII-Std-883 

19. Group A 

20. Group B 

21. Group e 

22. Group 0 

Fungus Inhibiting Paint 

2012 

2009 100% 

Electrical Tests-Final Electri- Each Lot 
cals (#14 above) repeated on a 
sample basis. (Sub Groups 1 
thru 12 as specified.1 

Package functional and con­
structional related test I.E. pack­
age dimensions, resistance to 
solvents, internal visual & me­
chanical, bond strength & sol­
derability. 

Die related tests I.E. 1,000 hr. op­
erating life, temperature cycling, 
& constant acceleration. 

Every 6 
week per 

microcircuit 
group 

Every 3 
months per 

package 
type 

Package related tests I.E. physi- Every 6 
cal dimensions, lead fatigue, months per 
thermal shock, temperature cy- package type 
cle, moisture resistance, me-
chanical shock, vibration vari-
able frequency constant 
acceleration, & salt atmos-
phere. 

PROCESSING LEVELS 

CLASS 
A JAN 

JAN 
Proc­
essed 
(JBX) 

Qualified 
(JB) 

x X X 

X X X 

X X X 

5% 

As Req'd 

100% 

X 

X 

x X 
JM385101 M385101 

XXXX XXXX 
Slash Slash 

Sheet # Sheet # 

N/A N/A 

X X 

X X 

JAN 
Rei 

(RBX) 

X 

X 

X 

X 

M385101 
SXXXX 

Sig. 
Basic # 

N/A 

X 

X 

1883B 
(RB) 

X 

X 

N/A 

1883C 
(RC) 

X 

X 

N/A 

X N/A 

SXXXXI SXXXXI 
883B 883e 
Sig. Sig. 

Basic # Basic # 

N/A N/A 

X X 

X X 

X X Generic Data Available 

X X Generic Data Available 

X X Generic Data Available 

Table 4 REQUIREMENTS AND SCREENING FLOWS FOR STANDARD CLASS B PRODUCTS (Cont'd) 
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LOGIC-5400 SERIES 

JM38510 
SLASH 

DEVICE DESCRIPTION SHEET 

5400 Quad 2-lnput NAND Gate 100104 
5401 Quad 2-lnput NAND Gate 100107 

with olc 
5402 Quad 2-lnput NOR Gate 100401 
5403 Quad 2-lnput NAND Gate 100109 

with olc 
5404 Hex Inverter 100105 
5405 Hex Inverter with olc 100108 
5406 Hex Inverter wlBufferlDriver 100801 

with olc 
5407 Hex BufferlDriver with olc 100803 
5408 Quad 2-lnput AND Gate 101601 
5409 Quad 2-lnput AND Gate 101602 

with olc 
5410 Triple 3-lnput NAND Gate 100103 
5411 Triple 3-lnput NAND Gate -
5412 Triple 3-lnput NAND Gate 100106 

wih olc 
5413 Dual NAND Schmitt Trigger 115101 
5414 Hex Schmitt Trigger 115102 
5416 Hex Inverter BufferlDriver 100802 

with olc 
5417 Hex BufferlDriver with olc 100804 
5420 Dual 4-lnput NAND Gate 100102 
5421 Dual 4-lnput AND Gate -
5426 Quad 2-lnput NAND Gate 100805 

with olc 
5427 Triple 3-lnput NOR Gate 100404 
5428 Quad 2-lnput NOR Buffer 116201 
5430 8-lnput NAND Gate 100101 
5432 Quad 2-lnput OR Gate 116101 
5433 Quad 2-lnput NOR Buffer -

with olc 
5437 Quad 2-lnput NAND Buffer 100302 
5438 Quad 2-lnput NAND Buffer 100303 

with olc 
5439 Quad 2-lnput NAND Buffer -
5440 Dual 4-lnput NAND Buffer 100301 
5442 BCD-to-Decimal Decoder 101001 
5443 Excess 3-to-Decimal Decoder 101002 
5444 Excess 3-Gray-to-Decimal 101003 

Decoder 
5445 BCD-to-Declmal DecoderlDriver 101004 

with olc 
5446A BCD-to-7 Segment Decoderl 101006 

Driver 
5447A BCD-to-7 Segment Decoderl 101007 

Driver 
5448 BCD-to-7 Segment Decoderl 101008 

Driver 
5450 Expandable Dual 2-Wide 2- 100501 

Input A01 
5451 Dual 2-Wide 2-lnput A01 Gate 100502 
5453 4-Wide 2-lnput A01 Gate 100503 

(Expandable) 
5454 4-Wide 2-lnput A01 Gate 100504 
5455 2-Wide 4-1 nput A01 Gate 104005 

JAN 
JAN PROC-

QUAL" ESSED 

:iii: :iii: 
0 0 :: :: 
I- !c Q. j Q. 

is is ..I 
L&. L&. 

1 1 F W 
1 1 F W 

1 1 F W 
1 1 F * 

1 1 F W 
1 1 F W 
- - F W 

- - F W 
1 1 F W 
1 1 F W 

1 1 F W 
- - - -
- - - -
* * F W . . F W 
- - F W 

- - F W 
1 1 F W 
- - - -
1 - F -
* * F W 
- - - -
1 1 F W . . - -
- - - -
1 1 F W 
1 1 F W 

- - - -
1 1 F W 
1 1 F W 
1 1 F W 
1 1 F W 

- - F W 

- - F W 

- - F W 

- - F W 

1 1 F W 

1 1 F W 
1 1 F W 

1 1 F W 
- - - -

9i!1notic9 

MIL 
REL/883 

:iii: 
0 :: 
I-

Q. CC 
is ..I 

L&. 

F W 
F W 

F W 
F -

F W 
F W 
F W 

F W 
F W 
F W 

F W 
F W 
F W 

F W 
F W 
F W 

F W 
F W 
F W 
F -

F W 
F W 
F W 
F W 
F W 

F W 
F W 

F W 
F W 
F W 
F W 
F W 

F W 

F W 

F W 

F W 

F W 

F W 
F W 

F W 
- -

NOTE 

Per QPL 38510-28 dated 1 Apr. 1977 
1 = Level 1 Qualification 
2 = Level 2 Qualification 
* = In process 
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LOGIC-5400 SERIES (Cont'd) 

JM38510 
SLASH 

DEVICE DESCRIPTION SHEET 

5460 Dual 4-lnput Expander -
5470 J-K Flip-Flop 100206 
5472 J-K Master-Slave Flip-Flop 100201 
5473 Dual J-K Master-Slave Flip-Flop 100202 
5474 Dual D-Type Edge-Triggered 100205 

Flip-Flop 
5475 Quad Bistable latch 101501 
5476 Dual J-K Master-Slave Flip-Flop 100204 
5477 Quad Bistable latch 101502 
5480 Gated Full Adder -
5483 4-Bit Binary Full Adder 100602 
5485 4-Bit Magnitude Comparator 115001 
5486 Quad 2-lnput Exclusive-OR Gate 100701 
5490 Decade Counter 101307 
5491 8-Bit Shift Register -
5492 Divide-by-Twelve Counter 101301 
5493 4-Bit Binary Counter 101302 
5494 4-Bit Shift Register (PI SO) -
5495 4-Bit left-Right Shift Register 100901 
5496 5-Bit Shift Register 100902 
54100 4-Bit Bistable latch (Duall -
54107 Dual J-K Master-Slave 100203 

Flip-Flop 
54109 Dual J-K Positive Edge- -

Triggered Flip-Flop 
54116 Dual 4-Bit latch with Clear 101503 
54121 Monostable Multivibrator 101201 
54122 Retriggerable Monostable 101202 

Multivibrator 
54123 Retriggerable Monostable 101203 

Multivibrator 
54125 Quad Bus Buffer Gate 115301 

w/Tri-State Outputs 
54126 Quad Bus Buffer Gate 115302 

w/Tri-State Outputs 
54128 Quad 2-lnput NOR Buffer -
54132 Quad Schmitt Trigger 115103 
54145 BCD-to-Decimal DecoderlDriver 101005 

with olc 
54147 10-line to 4-line Priority /15601 

Encoder 
54148 8-line to 3-line Priority /15602 

Encoder 
54150 16-line to l-line Mux /01401 
54151 8-line to l-line Mux 101406 
54152 8-line to l-line Mux -
54153 Dual 4-line to l-line M ux 101403 
54154 4-line to 16-line Decoderl /15201 

Demux 
54155 Dual 2-line to 4-line /15202 

Decoder/Demux 
54156 Dual 2-line to 4-line /15203 

Decoder/Demux 
54157 Quad 2-lnput Data Selector 101405 

(non-inv.l 
54158 Quad 2-lnput Data Selector -

(jnv.) 
54160 Synchronous 4-Bit Decade 101303 

Counter 

874 

JAN 
JAN PROC-

QUAL' ESSED 
~ ~ 
U U 
<C <C 
0. 0. 
l- I-

0. S 0. <C 
C C ....I ... ... 
- - - -
1 1 F W 
1 1 P w 
1 1 F W 
1 1 F W 

1 1 F W 
1 1 F W 
- 1 - W 
- - - -
1 1 F W 
1 1 F W 
1 1 F W , , 

F W 
- - - -
1 1 F W 
1 1 F W 
- - - -
1 - F -
1 1 F W 
- - - -
1 - F -

- - - -

2 - I -
1 1 F W 

- - - -

1 1 F W 

2 2 F W 

2 2 F W 

- - - -. · F W 

- - F W 

* · F W 

* · F W 

2 - I -
2 2 F W 
- - - -
2 2 F W . - I -

2 2 F W 

2 2 F W 

1 1 F W 

- - - -

1 1 F W 

SmDl!tms 

Mil 
REl/883 

~ 
U 
<C 
0. 
I-

0. <C 
C ....I ... 
F W 
F W 
F W 
F W 
F W 

F W 
F W 
- W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F -

F W 

I -
F W 
- -

F W 

F W 

F W 

F W 
F W 
F W 

F W 

F W 

I -
F W 
F W 
F W 
I Q 

F W 

F W 

F W 

F W 

F W 

NOTE 

Per QPL 38510-28 dated 1 Apr. 1977 
1 = Level 1 Qualification 
2 = Level 2 Qualification 
* = I n process 



LOGIC-5400 SERIES (Cont'd) 

DEVICE DESCRIPTION 

54161 Synchronous 4-Bit Binary 
Counter 

54162 Synchronous 4-Bit Decade 
Counter 

54163 Synchronous 4-Bit Binary 
Counter 

54164 8-Bit Parallel-Out Serial 
Shift Register 

54165 Parallel-Load 8-Bit Shift 
Register 

54166 8-Bit Shift Register 
54170 4X4 Register File 
54174 Hex D-Type Flip-Flop 

with Clear 
54175 Quad D-Type Edge-Triggered 

Flip-Flop 
54180 8-Bit OddlEven Parity Checker 
54181 4-Bit Arithmetic Logic Unit 
54182 Look-Ahead Carry Generator 
54190 Synchronous UplDown Counter 

(BCD) 
54191 Synchronous UplDown Counter 

(Binary) 
54192 Synchronous Decade UplDown 

Counter 
54193 Synchronous 4-Bit Binary 

UplDown Counter 
54194 4-Bit Bidirectional Universal 

Sh ift Reg ister 
54195 4-Bit Parallel-Access Shift 

Register 
54198 8-Bit Shift Register 
54199 8-Bit Shift Register 
54221 Dual Monostable Multivibrator 
54279 Quad S-R Latch 
54298 Quad 2-lnput Mux with Storage 
54365 Hex Buffer w/Common Enable 

(3-State) 
54366 Hex Buffer w/Common Enable 

(3-State) 
54367 Hex Buffer, 4-Bit and 2-Bit 

(3-State) 
54368 Hex Buffer, 4-Bit and 2-Blt 

(3-State) 

NOTE 

Per QPL 38510-28 dated 1 Apr. 1977 
1 = Level 1 Qualification 
2 = Level 2 Qualification 
* = In process 

JM38510 
SLASH 
SHEET 

101306 

101305 

101304 

100903 

100904 

-
101801 
101701 

101702 

101901 
101101 
101102 

-

-

101308 

101309 

100905 

100906 

-
-
-
-
-

116301 

116302 

116303 

116304 

JAN 
JAN PROC- MIL 

QUAL ESSED REL/883 
~ ~ ~ 0 
0( 0( 0( 
Il. Il. Il. 
l- I- !;( Il. 0( Il. 0( Il. 

C ..I C ..I C ..I 
II. II. II. 

1 1 F W F W 

1 1 F W F W 

1 1 F W F W 

1 - F - F -

· · F W F W 
- - - - F W 
- - - - F -

1 1 F W F W 

1 1 F W F W 

- 2 F W F W 
1 - I - I -
1 1 F W F W 
- - - - · · 
- - - - · · 
· · F W F W 

· · F W F W 

· · F W F W 

· · F W F W 

- - - - I Q 
- - - - - -
- - - - F W 
- - - - F W 
- - - - F W 

· · · · · · 
· · · · F W 

· · · · F W 

· · · · F W 

SjgDotiCS 875 



LOGIC-54H SERIES 

DEVICE DESCRIPTION 

54HOO Quad 2-lnput NAND Gate 
54H01 Quad 2-lnput NAND Gate 

with ole 
54H04 Hex Inverter 
54H05 Hex Inverter with ole 
54H08 Quad 2-lnput AND Gate 
54H10 Triple 3-lnput NAND Gate 
54H11 Triple 3-lnput NAND Gate 
54H20 Dual 4-lnput NAND Gate 
54H21 Dual 4-lnput AND Gate 
54H22 Dual 4-lnput NAND Gate 

with ole 
54H30 8-lnput NAND Gate 
54H40 Dual 4-lnput NAND Buffer 
54H50 Expandable Dual 2-Wide 

2-lnput A01 
54H51 Dual 2-Wide 2-lnput A01 Gate 
54H52 Expandable 4-Wide 2-2-2-3 

Input AND-OR Gate 
54H53 4-Wide 2-lnput A01 Gate 

(Expandable) 
54H54 4-Wide 2-lnput A01 Gate 
54H55 2-Wide 2-lnput AOl Gate 
54H60 Dual 4-lnput Expander 
54H61 Triple 3-lnput Expander 
54H62 3-2-2-3 Input AND-OR 

Expander 
54H71 J-K Master-Slave Flip-Flop 

with AND-OR Inputs 
54H72 J-K Master-Slave Flip-Flop 
54H73 Dual J-K Master-Slave 

Flip-Flop 
54H74 Dual D-Type Edge-Triggered 

Flip-Flop 
54H76 Dual J-K Master-Slave 

Flip-Flop 
54H101 J-K Negative Edge-Triggered 

Flip-Flop 
54H102 J-K Negative Edge-Triggered 

Flip-Flop 
54H103 Dual J-K Negative Edge-

Triggered Flip-Flop 
54H106 Dual J-K Negative Edge-

Triggered Flip-Flop 
54H108 Dual J-K Negative Edge-

Triggered Flip-Flop 

NOTE 

Per OPl 38510-28 da1ed 1 April 1977. 
1 = Level 1 Qualification 
2:::: Level 2 Qualification 
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JM38510 
SLASH 
SHEET 

/02304 
102306 

102305 
-

115501 
102303 
115502 
102302 
115503 
102307 

102301 
102401 
104.001 

104002 
-

104003 

104004 
104005 

-
-
-

-

102201 
102202 

102203 

102204 

102205 

-

102206 

-

-

JAN 
JAN PROC- MIL 

QUAL ESSED REL/883 
:.:: :.:: :.:: 
() () () 

~ <C <C 
0. 0. 

I- ~ I-
0. <C 0. 0. <C 
is ..I is ..I is ..I 

u.. u.. u.. 

1 1 F W F W 
1 1 F W F W 

1 1 F W F W 
- - - - F W 
2 - F - F W 
1 1 F W F W 
2 - F - F W 
1 1 F W F W 
2 - F - F W 
1 - F W F W 

1 1 F W F W 
1 1 F W F W 
1 1 F W F W 

1 1 F W F W 
- - - - F W 

1 1 F W F W 

1 1 F W F W 
1 1 F W F W 
- - - - F W 
- - - - F W 
- - - - F W 

- - - - F W 

1 1 F W F W 
1 1 F W F W 

1 1 F W F W 

1 1 F W F W 

1 1 F W F W 

- - - - F W 

1 1 F W F W 

- - - - F W 

- - - - F -

Gi!)notiCG 



LOGIC-54LS SERIES 

JM38510 
SLASH 

DEVICE DESCRIPTION SHEET 

54LSOO Quad 2-lnput NAND Gate 130001 
54LS01 Quad 2-lnput NAND Gate -

with o/c 
54LS02 Quad 2-lnput NOR Gate /30301 
54LS03 Quad 2-lnput NAND Gate 130002 

with o/c 
54LS04 Hex Inverter 130003 
54LS05 Hex Inverter with o/c 130004 
54LS08 Quad 2-lnput AND Gate 131004 
54LS09 Quad ,2-lnput AND Gate -

with o/c 
54LS10 Triple 3-lnput NAND Gate 130005 
54LS11 Triple 3-lnput NAND Gate 131001 
54LS12 Triple 3-lnput NAND Gate 130006 

with o/c 
54LS13 Dual NAND Schmitt Trigger /31301 
54LS14 Hex Schmitt Trigger 131302 
54LS15 Triple 3-lnput AND Gate 131002 

with o/c 
54LS20 Dual 4-lnput NAND Gate 130007 
54LS21 Dual 4-lnput AND Gate 131003 
54LS22 Dual 4-lnput NAND Gate 130008 

with o/c 
54LS26 Quad 2-lnput NAND Gate /32101 

with o/c 
54LS27 Triple 3-lnput NOR Gate 130302 
54LS28 Quad 2-lnput NOR Buffer 130204 
54LS30 8-lnput NAND Gate 130009 
54LS32 Quad 2-lnput OR Gate /30501 
54LS33 Quad 2-lnput NOR Buffer -

with o/c 
54LS37 Quad 2-lnput NAND Buffer 130202 
54LS38 Quad 2-lnput NAND Buffer 130203 

with o/c 
54LS40 Dual 4-lnput NAND Buffer /30201 
54LS42 BCD-to-Decimal Decoder 130703 
54LS51 Dual 2-Wide 2-lnput A01 Gate /03401 
54LS54 4-Wide 2-lnput A01 Gate 130402 
54LS55 2-Wide 4-lnput A01 Gate -
54LS73 Dual J-K Master-Slave /30101 

Flip-Flop 
54LS74 Dual D-Type Edge-Triggered /30102 

Flip-Flop 
54LS75 Quad Bistable Latch -
54LS76 Dual J-K Master-Slave /30110 

Flip-Flop 
54LS78 Quad Bistable Latch -
54LS83A 4-Bit Binary Full Adder /31201 
54LS85 4-Bit Magnitude Comparator /31101 
54LS86 Quad 2-lnput Exclusive-OR 130502 

Gate 
54LS90 Decade Counter /31501 
54LS92 Divide-by-Twelve Counter /31510 
54LS93 4-Bit Binary Counter 131502 
54LS95 4-Bit Left-Right Shift 130603 

Register 
54LS96 5-Bit Shift Register 130604 

JAN 
JAN PROC-

QUAL ESSED 
II: II: 
U U 
c:( c:( 
0.. 0.. 
l- I-

0.. c:( 0.. c:( 

is ....I is ....I 
IL IL 

2 2 F W 
- - F W 

2 2 F W 
1 1 F W 

1 1 F W 
1 1 F W 
2 2 F W 
- - - -

1 1 F W 
2 2 F W 
1 1 F W 

· · F W 

· · F W 
2 2 F W 

1 1 F W 
2 2 F W 
1 1 F W 

· · F W 

2 2 F W · · F W 
2 2 F W 
2 2 F W 
- - - -

2 2 F W 

· · F W 

2 2 F W · · . . 
2 2 F W 
2 2 F W 
- - - -
- - - -

· · F W 

- - F W 

· · F W 

- - - -

· · F W 

· · F W 

· · F W 

· · F W 

· · F W 

· · F W · · F W 

· · F W 

s~n~tiCs 

MIL 
REL/883 

II: 
U 
c:( 
0.. 
I-

0.. c:( 

is ....I 
IL 

F W 
F W 

F W 
F W 

F W 
F W 
F W 
F W 

F W 
F W 
F W 

F W 
F W 
F W 

F W 
F W 
F W 

F W 

F W 
F W 
F W 
F W 
F W 

F W 
F W 

F W 
F W 
F W 
F W 
F W 
F W 

F W 

F W 
F W 

F W 
F W 
F W 
F W 

F W 
F W 
F W 
F W 

F W 

NOTE 

Per QPL 38510-28 dated 1 April 1977. 
1 = Level 1 Qualification 
2 = Level 2 Qualification 
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LOGIC-54LS SERIES (Cont'd) 

DEVICE DESCRIPTION 

54LS107 Dual J-K Master-Slave 
Flip-Flop 

54LS109 Dual J-K Positive Edge-
Triggered Flip-Flop 

54LS112 Dual J-K Negative Edge-
Triggered Flip-Flop 

54LS113 Dual J-K Negative Edge-
Triggered Flip-Flop 

54LS114 Dual J-K Negative Edge-
Triggered Flip-Flop 

54LS122 Retriggerable Monostable 
Multivibrator 

54LS125 Quad Bus Buffer Gate 
wiTri-State Outputs 

54LS126 Quad Bus Buffer Gate 
wiTri-State Outputs 

54LS132 Quad Schmitt Trigger 
54LS136 Quad Exclusive-OR with olc 
54LS138 3-to-8 Line Decoder/Demux 
54LS139 Dual 2-to-4 Line Decoderl 

Demux 
54LS145 BCD to Decimal DecoderlDye 
54LS151 8-Line to 1-Line Mux 
54LS153 Dual 4-Line to 1-Line Mux 
54LS154 4-Line to 16-Line Decoderl 

Demux 
54LS155 Dual 2-Line to 4-Line 

Decoder/Demux 
54LS157 Quad 2-lnput Data Selector 

(non-inv-l 
54LS158 Quad 2-lnput Data Selector 

(inv-l 
54LS160 Synchronous 4-Bit Decade 

Counter 
54LS161 Synchronous 4-Bit Binary 

Counter 
54LS162 Synchronous 4-Bit Decade 

Counter 
54LS163 Synchronous 4-Bit Binary 

Counter 
54LS164 8-Bit Parallel-Out Serial 

Sh if! Reg ister 
54LS170 4X4 Register File 
54LS173 Quad D-Type Flip-Flop 

(Tri-State) (8T10) 
54LS174 Hex D-Type Flip-Flop 

with Clear 
54LS175 Quad D-Type Edge-Triggered 

Flip-Flop 
54LS181 4-Bit Arithmetic Logic Unit 
54LS190 Synchronous UplDown Counter 

(BCD) 
54LS191 Synchronous UplDown Counter 

(Binary) 

NOTE 

Per QPL 38510-28 dated 1 April 1977. 
1 = Level 1 Qualification 
2 = Level 2 Qualification 

878 

JM38510 
SLASH 
SHEET 

130108 

130109 

130103 

130104 

130105 

131403 

132301 

132302 

131303 
-

/30701 
130702 

-
/30901 
130902 

-

-
130903 

130904 

/31503 

/31504 

/31511 

/31512 

130605 

-
-

/30106 

/30107 

/03801 
/31513 

/31509 

JAN 
JAN PROC- MIL 

QUAL ESSED REL/883 
~ ~ ~ 
U U U 
c( c( c( 
0. 0. 0. 
l- I- I-

0. c( 0. c( 0. c( 

is ...I is ...I is ...I 
I&. I&. I&. 

· · F W F W 

· · F W F W 

· · F W F W 

* * F W F W 

* * F W F W 

- - - - - -

* · * · F W 

* · · · F W 

· · F W F W 
- - F W 
* · · · F W 

· * · * F W 

- - - - F W · * · * * * · * F W F W 

- - - - I Q 

- - - - F W 

· · F W F W 

· · F W F W 

· · * · F W 

· · F W F W 

* · * · F W 

* · * * F W 

* * F W F W 

- - - - F W 
- - - - F W 

* · F W F W 

* · F W F W 

2 - I - I Q 
* * F W F W 

· * F W F W 

Si!lDOliCS 



LOGIC-54LSSERIES (Cont'dl 

DEVICE DESCRIPTION 

54LS192 Synchronous Decade Up/Down 
Counter 

54LS193 Synchronous 4-Bit Binary 
Up/Down Counter 

54LS194 4-Bit Bidirectional Universal 
Shift Register 

54LS195 4-Bit Parallel-Access Shift 
Register 

54LS196 Presettable Decade Counterl 
Latch (8290) 

54LS197 Presettable Binary Counterl 
Latch (8291 I 

54LS221 Dual Monostable Multivibrator 
54LS251 Data Selector/Mux with 

3-State Outputs 
54LS253 Dual 4-Line to 1-Line Data 

Selector/Mux 
54LS257 Quad 2-Line to 1-Line Data 

Selector/Mux 
54LS258 Quad 2-Line to 1-Line Data 

Selector/Mux 
54LS260 Dual 5-lnput NOR Gate 
54LS261 2X4 Parallel Binary Multiplier 
54LS266 Quad Exclusive-NOR Gate 
54LS279 Quad S-R Latch 
54LS280 9-Bit Odd/Even Parity 

GeneratorlChecker 
54LS283 4-Bit Adder 
54LS290 Decade Counter 
54LS293 4-Bit Binary Counter 
54LS295A 4-Bit Right-Shift Left-Shift 

Register 
54LS298 Quad 2-lnput Mux with Storage 
54LS365 Hex Buffer w/Common Enable 

(3-Statel 
54LS366 Hex Buffer w/Common Enable 

(3-Statel 
54LS367 Hex Buffer, 4-Bit and 2-Bit 

(3-Statel 
54LS368 Hex Buffer, 4-Bit and 2-Bit 

(3-Statel 
54LS375 Quad Latch 
54LS386 Exclusive-OR Gate 
54LS395 4-Bit Cascadeable Shift 

Register (3-Statel 
54LS445 BCD to Decimal Decoder/Dye 
54LS670 4X4 Register File (Tri-Statei 

NOTE 

Per OPL 38510-28 dated 1 April 1977. 
1 = Level 1 Qualification 
2 = Level 2 Qualification 

JM38510 
SLASH 
SHEET 

131507 

131508 

130601 

130602 

131601 

131602 

131402 
130905 

/30908 

130906 

130907 

-
-

/30303 
-
-

131202 
132003 
/32004 
130606 

-
132201 

132202 

132203 

/32204 

-
-

130607 

-
-

JAN 
JAN PROC- MIL 

QUAL ESSED REL/883 
~ ~ ~ 
U U U 

~ ct ct 
0- 0-

l- I- I-
0- ct 0- ct 0- ct 
is -J is -J is -J 

LI.. LI.. LI.. 

· · F W F W 

· · F W F W 

· · · · · · 
· · · · · · 
· · · · · · 
· · · · · · 
· · · · · · · · · · · · 
· · F W F W 

· · F W F W 

· · · · F W 

- - - - F W 
- - - - F W 
2 2 F W F W 
- - - - F W 

· · - - - -

· · · · F W · · F W F W 

· · F W F W · · · · F W 

- - - - F W 

· · · · F W 

· · · · F W 

· · · · F W 

· · · · F W 

- - - - F W 
- - - - F W 

· · · · F W 

- - - - F W 
- - - - F W 
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LOGIC-54S SERIES 

JM38510 
SLASH 

DEVICE DESCRIPTION SHEET 

54S00 Quad 2-lnput NAND Gate 107001 
54S02 Quad 2-lnput NOR Gate '(07301 
54S03 Quad 2-lnput NAND Gate 107002 

with olc 
54S04 Hex Inverter 107003 
54S05 Hex Inverter with olc 107004 
54S08 Quad 2-lnput AND Gate 108003 
54S09 Quad 2-lnput AND Gate 108004 

with olc 
54S10 Triple 3-lnput NAND Gate /07005 
54S11 Triple 3-lnput NAND Gate 108001 
54S15 Triple 3-lnput AND Gate 108002 

with olc 
54S20 Dual 4-lnput NAND Gate 107006 
54S22 Dual 4-lnput NAND Gate 107007 

with olc 
54S30 8-lnput NAND Gate 107008 
54S32 Quad 2-lnput OR Gate -
54S40 Dual 4-lnput NAND Buffer 107201 
54S51 Dual 2-Wide 2-lnput 107401 

A01 Gate 
54S64 4-2-3-2 Input A01 Gate 107402 
54S65 4-2-3-2 Input A01 Gate 107403 
54S74 Dual D-Type Edge-Triggered 107101 

Flip-Flop 
54S85 4-Bit Magnitude Comparator 108201 
54S86 Quad 2-lnput Exclusive-OR Gate 107501 
54S112 Dual J-K Negative Edge- 107102 

Triggered Flip-Flop 
54S113 Dual J-K Negative Edge- 107103 

Triggered Flip-Flop 
54S114 Dual J-K Negative Edge- 107104 

Triggered Flip-Flop 
54S133 13-lnput NAND Gate 107009 
54S134 12-lnput NAND Gate wITri- 107010 

State Outputs 
54S135 Quad Exclusive-OR/NOR Gate 107502 
54S138 3-to-8 Line DecoderlDemux 107701 
54S139 Dual 2-to-4 Line Decoderl 107702 

Demux 
54S140 Dual 4-lnput NAND Line Driver 108101 
54S151 8-Line to 1-Line Mux 107901 
54S153 Dual 4-Line to 1-Line Mux 107902 
54S157 Quad 2-lnput Data Selector 107903 

(non.inv.) 
54S158 Quad 2-lnput Data Selector 107904 

(inv.) 
54S174 Hex D-Type Flip-Flop with 107106 

Clear 
54S175 Quad D-Type Edge-Triggered 107105 

Flip-Flop 
54S181 4-Bit Arithmetic Logic Unit 107801 
54S182 Look-Ahead Carry Generator 107802 
54S194 4-Bit Bidirectional Universal 107601 

Shift Register 
54S195 4-Bit Parallel-Access Shift 107602 

Register 

880 

JAN 
JAN 

PROC-
QUAL ESSED 

lIiI: lIiI: 
(J (J 

f f 
!c l-

a. a. CC 
is ....I is ....I 

II.. II.. 

1 1 F W 
2 2 F W 
2 2 F W 

1 1 F W 
1 1 F W · . F W 
- - - -
2 2 F W 
2 2 F W 
2 2 F W 

2 2 F W 
1 1 F W 

- - - -
- - - -
2 2 F W 
2 2 F W 

2 2 F W 
2 2 F W 
2 2 F W 

· - F -
2 2 F W 
- - - -

- - - -

- - - -

2 2 F W 
2 2 F W 

- - - -
- - - -
- - - -

2 2 F W 
2 2 F W 
2 2 F W 
2 2 F W 

· . F W 

- - - -
- - - -

· - I -
- - - -
- - - -

- - - -

Si!lDOliCS 

MIL 
RELl883 

lIiI: 
(J 
CC a. 

S a. 
is II.. 

F W 
F W 
F W 

F W 
F W 
F W 
F W 

F W 
F W 
F W 

F W 
F W 

- -
F W 
F W 
F W 

F W 
F W 
F W 

F -
F W 
F W 

F W 

F W 

F W 
F W 

- -
- -
F W 

F W 
F W 
F W 
F W 

F W 

· · 
· · 
I · · · - -

- -
NOTE 

Per OPL 38510-28 dated 1 April 1977. 
1 = Level 1 Qualification 
2 = Level 2 Qualification 



LOGIC-54S SERIES (Cont'd) 

DEVICE DESCRIPTION 

545251 Data 5elector/Mux with 3-5tate 
Outputs 

545253 Dual 4-Line to 1-Line Data 
Selector/Mux 

545257 Quad 2-Line to 1-Line Data 
5elector/Mux 

545258 Quad 2-Lint to 1-Line Data 
5elector/Mux 

545260 Dual 5-lnput NOR Gate 
545280 9-Bit Odd/Even Parity 

Generator/Checker 
545350 4/6 Bit 5hifter-Tri-5tate 

NOTE 

Per QPL 38510-28 dated 1 Apr. 1977 
1 = Level 1 Qualification 
2 = Level 2 Qualification 

JM38510 
SLASH 
SHEET 

108905 

-
107906 

107907 

-
107703 

-

JAN 
JAN 

MIL PROC-
QUAL ESSED REL/883 

~ ~ ~ 
(,) (,) (,) 

:: :: c( 
a. 

5 5 l-
II. a. a. c( 

Q Q Q ...I 
II.. II.. II.. 

- - - - - -

- - - - F W 

- - - - - -

- - - - - -

- - - - F W 
- - - - - -

- - - - F -
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LOGIC-8200/9300/9600 SERIES 

DEVICE DESCRIPTION 

8200 Dual 5-Bit Buffer Register 
8201 Dual 5-Bit Buffer Register with D Inputs 
8202 10-Bit Buffer Register 
8203 10-Bit Buffer Register with D Inputs 
8230 8-lnput Digital Multiplexer 
8231 8-lnput Digital Multiplexer 
8232 8-lnput Digital Multiplexer 
8233 2-lnput 4-Bit Digital Multiplexer 
8234 2-lnput 4-Bit Digital Multiplexer 
8235 2-lnput 4-Bit Digital Multiplexer 
8241 Quad Exclusive-OR Gate 
8242 Quad Exclusive-NOR Gate 
8243 8-Bit Position Scaler 
8250 Binary-to-Octal Decoder 
8251 BCD-to-Decimal Decoder 
8252 BCD-to-Decimal Decoder 
8260 Arithmetic Logic Unit 
8261 Fast Carry Extender 
8262 9-Bit Parity Generator and Checker 
8263 3-lnput 4-Bit Digital Multiplexer 
8264 3-lnput 4-Bit Digital Multiplexer 
8266 2-lnput 4-Bit Digital Multiplexer 
8267 2-lnput 4-Bit Digital Multiplexer 
8268 Gated Full Adder 
8269 4-Bit Comparator 
8270 4-Bit Shift Register 
8271 4-Bit Shift Register 
8273 10-Bit Serial-In, Parallel-Out Shift Register 
8274 10-Bit Parallel-In, Serial-Out Shift Register 
8275 Quad Bistable Latch 
8276 8-Bit Serial Shift Register 
8277 Dual 8-Bit Shift Register 
8280 Presettable Decade Counter 
8281 Presettable Binary Counter 
8284 Binary UplDown Counter 
8285 Decade UplDown Counter 
8288 Divide-by-Twelve Counter 
8290 Presettable High Speed Decade Counter 
8291 Presettable High Speed Binary Counter 
8292 Presettable Low Power Decade Counter 
8293 Presettable Low Power Binary Counter 
9300 4-Bit Shift Register 
9301 BCD to Decimal Decoder 
9308 Dual 4-Bit Latch wlClear 
9309 Dual 4-lnput Multiplexer 
9310 4-Bit Decade Counter 
9312 8-lnput Digital Multiplexer 
9316 4-Bit Binary Counter 
9322 Data Selector-Multiplexer 
9324 5-Bit Comparator 
9334 8-Bit Addressable Latch 
9602 Dual Monostable Multivibrator 

NOTE 

Per QPL 38510-28 dated 1 Apr, 1977 
1 = Level 1 Qualification 
2 = Level 2 Qualification 
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JM38510 
SLASH 
SHEET 

-
-
-
-

101402 
-
-
-

-
-
-
-

115204 
115205 
115206 

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

115901 
115206 

-
101404 

-
101402 

-
-

115002 
116001 

-
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JAN JAN 
MIL 

QUALIFIED" PROCESSED 
REL/883 

MIL TEMP 

Flat Flat Flat 
Dip Pack Dip Pack Dip Pack 

- - - I Q 
- - - I Q 

- - - - I Q 
- - - - I Q · · F W F W 
- - - - F W 
- - - - F W 
- - - - F W 
- - - - F W 
- - - - F W 
- - -, - F W 
- - - - F W 
- - - - I Q 
2 2 F W F W 
2 2 F W F W 
2 2 F W F W 
- - - - I Q 
- - - - F W 
- - - - F W 
- - - - I Q 
- - - - I Q 
- - - - F W 
- - - - F W 
- - - - F Q 
- - - - F W 
- - - - F W 
- - - - F W 
- - - - F W 
- - - - F W 
- - - - F W 
- - - - F -
- - - - F -
- - - - F W 
- - - - F W 
- - - - F W 
- - - - F W 
- - - - F W 
- - - - F W 
- - - - F W 
- - - - F W 
- - - - F W · · F W F W 
2 2 F W F W 
- - - - I Q 
I I F W F W 

- - - - F W · · F W F W 
- - - - F W 
- - - - F W · · F WF W -
- - - - F W · · F W F W 



LOGIC-8T INTERFACE SERIES 

MIL REL/883 
JAN MIL TEMP 

M38510 

DEVICE DESCRIPTION SHEET Flat 
Dip Pack 

8T04 7-Segment Decoder Display Driver (Active-Low Outputs) - F W 

8T05 7-Segment Decoder Display Driver (Active-Hi Outputs) - F W 

8T06 7-Segment Decoder Display Driver (Active-Low Outputs) - F W 

8T09 Quad Bus Driver with Tri-State Outputs - F W 

8T10 Quad D-Type Bus Latch (Tri-State) - F W 

8T13 Dual Line Driver - F W 

8T14 Triple Line Receiver/Schmitt Trigger - F W 

8T18 Dual 2-lnput NAND (High Voltage to TTL Interface) - F W 

8T20 Bidirectional Monostable Multivibrator (Diff. Input) - * * 

8T22 Retriggerable Monostable Multivibrator (54122/9601) - F W 
8T26A Quad Bus Driver/Receiver (Tri-State Outputs) - F W 

8T28 Quad Non-Inverting Bus Driver/Receiver (Tri-State Outputs) - F W 

8T31 8-Bit Bidirectional I/O Port - * * 

8T32 Programmable 8-Bit, I/O Port (3-State) - I * 

8T33 Programmable 8-Bit, I/O Port (Open Collector) - I * 

8T35 Asynchronous Programmable 8-Bit I/O Port (Open Collector) - I * 

8T37 Hex Bus Receiver with Hysteresis-Schmitt Trigger (DM8837) F W 

8T38 Quad Bus Transceiver (Open Collector) (DM8838) - F W 

8T80 Quad 2-lnput NAND Gate (High Voltage) - F W 

8T90 Hex Inverter (H igh Voltage) - F W 

8T95 High Speed Hex Buffers/Inverters (74365/DM8095) - F W 

8T96 High Speed Hex Buffers/Inverters (74366/DM8096) - F W 

8T97 High Speed Hex Buffers/Inverters (74367/DM8097) F W 

8T98 High Speed Hex Buffers/Inverters (74368/DM8098) F W 

* = Qualification planned 
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BIPOLAR MEMORIES CROSS REFERENCE 

DEVICE 

PROMs 
82523 
825115 
825123 
825126 
825129 
825130 
825131 
825136 
825137 
825140 
825141 
825180 
825181 
825184 
825185 

FPLAs 
825100 
825101 

PLAs 
825200 
825201 

RAMs 
54589 
545189 
545200 
545201 
545301 
82509 
82510 
82511 
82516 
82517 
82525 

ROMs 
82515 
825223 
825224 
825226 
825229 
825230 
825231 
825280 
825281 

'NOTE 

R ~ SeO Flat Pack 
F~ Cerdip 
I = Ceramic DIP 

884 

ORGANIZATION 

32X8 
512X8 
32X8 

256X4 
256X4 
512X4 
512X4 

1024X4 
1024X4 
512X8 
512X8 

1024X8 
1024X8 
2048X4 
2048X4 

16X48X8 
16X48X8 

16X48X8 
16X48X8 

16X4 
16X4 

256X1 
256X1 
256X1 

64X9 
1024X1 
1024X1 

256X1 
256X1 

16X4 

512X8 
32X8 
32X8 

256X4 
256X4 
512X4 
512X4 

1024X8 
1024X8 

PACKAGE" FAIRCHILD HARRIS 

F R - 7602-2 
I R - 7644-2 
F R - 7603-2 
F R 93416 7610-2 
F R 93426 7611-2 
F R 93436 7620-2 
F R 93446 7621-2 

F,I R 93443 7642-2 
F,I R 93453 7643-2 
I R 93438 7640-2 
I R 93448 7641-2 
I R - -
I R - -
I R - -
I R - -

I R 93459 -
I R 93458 -

I R - -
I R - -

F R - -
F R - -
F R - -
F R - -
F R - -
I R 93419 -

F,I R 93415 -
F,I R 93425 -
F R 93421 -
F R 93411 -
F R 93403 0064 

Sjgnotics 

MMI INTERSIL AMD TI 

5330 5600 27508 545188 
- --

5331 5610 27509 545288 
5300 5603 27510 545387 
5301 5623 27511 545287 
5305 5604 - -
5306 5624 - -
5352 5606 - -
5353 5626 - -
5340 5606 - -
5341 5625 - -
5380 - - -
5381 - - -
- - - -
- - - -

825100 - 275100 -
825101 - 275101 -

- - - -
- - - -

- - - 5489 
- - - 54189 
- - - 545200 
- - - 545201 
- - - 545301 
- - - -
- 55508 2952 -
- 55518 2953 -

5531 5523 2700 -
5530 5533 2701 -
5560 5501 3101 -



LINEAR MIL REL/883 MIL TEMP. 

DEVICE DESCRIPTION PACKAGE DEVICE DESCRIPTION PACKAGE 

COMPARATORS PHASE LOCKED LOOPS 
SE521 Dual Comparator F SE567 Tone Decoder P11 F T 
SE526 Analog Voltage Comparator F K 
SE527 Analog Voltage Comparator F K 
SE529 Analog Voltage Comparator F K 
LH2111 Dual Comparator F 

LINE RECEIVERS 
DM7820 Dual Differential Line Receiver F 
DM7830 Dual Differential Line Receiver F 

LM111 Comparator F T 
LMl19 Dual Comparator F K 

TIMERS 
SE555 Timer F T 

LM139 Quad Comparator F SE556 Dual Timer F 

LM193/193A Dual Comparator T SE558/9 Quad Timer F 

J.<A71 0 Differential Voltage Comparator F T VOLTAGE REGULATORS 
J.<A711 Comparator F K LM109 5 Volt Regulator DA 

DIFFERENTIAL AMPLIFIERS SE5554 Dual Track Reg F 

SE510 Dual Differential Amplifier F 
SE511 Dual Differential Amplifier F 
SE515 Differential Amplifier F K 
I-'A733 Video Amplifier F K 

78XX (7) Positive Reg DA 
79XX (7) Negative Reg DA 
79MXX (7) Med Power Reg DB 
I-'A723 Precision Voltage Regulator F L 

OPERATIONAL AMPLIFIERS DRIVERS 
LF155/156 FET Op Amp T DS1611-1614 Peripheral Drivers T 

LH2101A Dual Op Amp F D/A 
LH2108A Dual Op Amp F MC1508-8 8-Bit D/A F 
LM101 High Perf. Op Amp F T SE5008 8-Bit D/A F 
LM101A High Perf. Op Amp F T SE5009 8-Bit D/A F 
LM107 General Purpose Op Amp F F 
LM108 Precision Op Amp F T 
LM108A Precision Op Amp F T 
LM124 Quad Op Amp F 
LM158 Dual Op Amp T 
MC1556 OpAmp F T 
MC1558 Dual Op Amp F T 
SE532 Dual Op Amp - T 
SE535 Hi Slew Rate Op Amp T 
SE538 Hi Slew Rate Op Amp T 
I-'A709 OpAmp F T 
I-'A709A OpAmp F T 
I-'A741 General Purpose Op Amp F T 
I-'A747 Dual Op Amp F K 
I-'A748 General Purpose Op Amp F T 
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BIPOLAR MICROPROCESSORS 

AVAILABILITY 

PRODUCT DESCRIPTION Dip Flat Pack 

3001 Microprogram Control Unit I. R 
3002 Central Processing Element (2-bit slice) I R 
8X300 Interpreter/Microcontroller I · 
2901-1 Central Processing Element (4-bit slice) · · 

"Under development 

MICROPROCESSOR SUPPORT CIRCUITS 

AVAILABILITY 

PRODUCT DESCRIPTION Dip Flatpack 

LOGIC 
54123 Retriggerable Monostable Multivibrator F W 
54180 8-Bit Odd/Even Parity Checker F W 
54298 Quad 2-lnput Mux with Storage F W 
54S182 Look-Ahead Carry Generator · · 
54S194 4-Bit Bidirectional Shift Register · · 
54S195 4-Bit Parallel Access Shift Register · · 
54LS365 High Speed Hex Tri-State Buffer F · 
54LS366 High Speed Hex Tri-State Buffer F · 
54LS36? High Speed Hex Tri-State Buffer F · 
54LS368 High Speed Hex Tri-State Buffer F · 
8262 9-Bit Parity Generator Checker F W 
8281 Presettable Binary Counter F W 
8291 Presettable High Speed Binary Counter F W 
9602 Dual Monostable Multivibrator F W 
INTERFACE 
8T09 Quad Bus Driver with Tri-State Output F W 
8T10 Quad D-Type Bus Latch (Tri-State Outputs) F W 
8T13 Dual Line Driver F W 
8T14 Triple Line Receiver/Schmitt Trigger F W 
8T26A Quad Bus Driver/Receiver (Tri-State) F W 
8T28 Quad Bus Non-Inverting Driver/Receiver (Tri-State) F W 
8T32 Programmable 8-Bit I/O Port (3-State) I · 
8T33 Programmable 8-Bit I/O Port (Open Collector) I · 
8T35 Asynchronous Programmable 8-Bit I/O Port I · 

(Open Collector) 
8T95 High Speed Hex Buffer (Tri-State) F · 
8T96 High Speed Hex Inverter (Tri-State) F · 
8T9? High Speed Hex Buffer (Tri-State) F · 
8T98 High Speed Hex Inverter (Tri-State) F · 

"Under development 
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PICHIGIS 
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FA lenSES 

INTRODUCTION 
The following information applies to all 
packages unless otherwise specified on 
individual package outline drawings. 

General 
1. Dimensions shown are metric units (mil­

limeters), except those in parentheses 
which are English units (inches). 

2. Lead spacing shall be measured within 
this zone. 

a. Shoulder and lead tip dimensions 
are to centerline of leads. 

3. Tolerances non-cumulative 
4. Thermal resistance values are deter­

mined by utilizing the linear temperature 
dependence of the forward voltage drop 
across the substrate diode in a digital 
device to monitor the junction tempera­
ture rise during known power applica­
tion across VCC and ground. The values 
are based upon 120 mils square die for 
plastic packages and a 90 mils square die 
in the smallest available cavity for her­
metic packages. All units were solder 
mounted to P.C. boards, with standard 
stand-off, for measurement. 

Plastic Only 
5. Lead material: Alloy 42 or equivalent, 

solder dipped. 
6. Body material: Plastic 
7. Round hole in top corner denotes lead 

No.1. 
8. Body dimensions do not include mold­

ing flash. 

Hermetic Only 
9. Lead material 

a.Alloy 52-gold plated, or solder dipped. 
b.ASTM alloy F-15 (KOVAR) or equivalent­

gold plated. tin plated, or solder dipped. 
c.ASTM alloy F-30 (Alloy 42) or equivalent­

tin plated. 
d.ASTM alloy F-15 (KOVAR) or equivalent­

gold plated. 
e.ASTM alloy F-15 (KOVAR) or equivalent­

tin plated. 
10. Body Material 

a.1010 Steel-nickel plated or tin plate over 
nickel. 

b. Eyelet, ASTM alloy F-15 or equivalent-gold 
or tin plated. 

c. Eyelet, ASTM alloy F-15 or equivalent-gold 
or tin plated, glass body. 

d.Ceramic with glass seal at leads. 
e. BeO ceramic with glass seal at leads. 
f. Ceramic with ASTM alloy F-15 orequivalent. 

11. Lid Material 
a.1010 steel, nickel plated, or tin-plate over 

nickel, weld seal. 
b.Nickel or tin plated nickel, weld seal. 
c.Ceramic, glass seal. 
d.ASTM alloy F-15 or equivalent, gold plated. 
e.BeO Ceramic with glass seal. 
f. Translucent A1 20 3, glass seal. 

PLASTIC PACKAGES 

NO. OF 
LEADS 

Standard Dual-in-Line 
8 NE 

14 NH 
16 NJ 
18 NK 
20 NL 
22 NM 
24 NN 
28 NO 
40 NW3 

Power Dual-in-Line 
14 NHA2 
16 NJA2 
18 NKA2,3 
20 NLA2,3 
24 NNA2 
28 NOA2 

Power 
3 S 
3 U 
3 + GND GB3 
4 + GND GO 

12 + GND PH/PHA3 

162/65 
150/65 
137/53 
135/53 
135/53 
120/53 
116/53 
116/53 
110/50 

95/33 
95/33 
90/26 
90/26 
60/23 
56/21 

200/70 
75/3 

95/15 
95/15 
95/15 

12.Signetics symbol, angle cut, or lead tab 
denotes Lead No.1. 

13. Recommended minimum offset before 
lead bend. 

14. Maximum glass climb .010 inches. 
15. Maximum glass climb or lid skew is .010 

inches. 
16. Typical four places. 
17. Dimension also applies to seating plane. 

9~nDtiD9 

DESCRIPTIONI 

TO-116/MO-001 
MO-001 

MO-015 
MO-015 
MO-015 

Butterfly 
Butterfly 
Butterfly 
Butterfly 
Butterfly 
Butterfly 

TO-92 
TO-220 
Single-in-Line (SIL) 
Single-in-Line (SIL) 
Batwing 

PAGE 

3 
3 
3 
3 
3 
3 
4 
4 
4 

3 
3 
3 
3 
4 
4 

5 
5 
5 
5 
5 
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PACKI\GES 

HERMETIC PACKAGES 

NO .. OF PACKAGE 0 DESCRIPTION1 PAGE LEADS CODE eja/e jc ( C/W} 

Metal Headers 
2 DA TBD TO-3 Solid Header 6 
3 DB TBD TO-39 Solid Header, Short Can 6 
4 DC TBD TO-72 Solid Header 6 
4 DE TBD TO-72 Glass Filled Header 6 
8 T 150/25 TO-99 Header (.200 Dia.) 7 

10 K 150/25 TO-100 Header, Short Can 7 
10 L 150/25 TO-100 Header, Tall Can 7 

Flat Packs 
10 WF 240/50 Flat Ceramic 8 
14 WH 205/50 Flat Ceramic 8 
16 WJ 200/50 Flat Ceramic 8 
24 WN 155/40 Flat Ceramic 8 
16 RJ/RJA 133/30 Flat Ceramic, BeO 8 
18 RKA3 TBD Flat Ceramic, BeO 
24 RNA TBD Flat Ceramic, BeO 8 
28 RQA TBD Flat Ceramic, BeO 9 
40 RWA TBD Flat Ceramic, BeO 9 
10 QF 230/55 Flat Ceramic 9 
14 QH 185/45 Flat Ceramic 9 
16 QJ 170/45 Flat Ceramic 9 
24 QN 155/44 Flat Ceramic 9 
10 QFA 230/55 Flat Ceramic Laminate 10 
14 QHA 185/45 Flat Ceramic Laminate 10 
16 QJA 170/45 Flat Ceramic Laminate 10 
24 QNA 155/44 Flat Ceramic Laminate 10 

Cerdip Family 
14 FH 110/30 Dual in-Line Ceramic 11 
16 FJ 100/30 Dual-in-Line Ceramic 11 
18 FK 93/27 Dual-in-Line Ceramic 11 
22 FM 75/27 Dual-in-Line Ceramic 11 
24 FN 60/26 Dual-in-Line Ceramic 11 

Laminated Ceramic, Side Brazed Lead 
8 lEA 100/30 Dip Laminate 12 

14 IHA 95125 Dip Laminate 12 
16 IJA 90/25 Dip Laminate 12 
18 IKA 88/25 Dip Laminate 12 
22 IMA 80/25 Dip Laminate 12 
24 INCIIND 65125 Dip Laminate 12 
28 IQA 60/25 Dip Laminate 13 
40 IWA 55/25 Dip Laminate 13 
50 IZA TBD Dip Laminate 13 

NOTES 

1. Dual-in-line packages unless otherwise described 
2. Package outline is the same as corresponding standard Dual-in-line package with identical number 

of leads 
3. Package not yet available, scheduled for 1977 release 
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PLASTIC: Standard and Power Dual-In-Line 

NE Package ULEADNO' 

o 

O 0],,,, 
]'46' 

I. , .. ,,,, ~ 
9.27(.3861 

NJ Package and NJA Package 

r-- LEAD NO.1 

o 

.. .1,.252' o 6.22(.245) 

~--r-r-T"T-r-r-r-r--r-r-T"T""TC _I 

0.531.021) 
o.ni.D1S) 

N L Package and N LA Package 

7.37(.2901 ~7.87"3101_1 

ill 
-.L 

1.13(.0681 
1.45(.0571 

t 

N H Package and N HA Package 

N K Package and N KA Package 

NM Package 
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PLASTIC: Standard and Power Dual-In-Line (confd.) 

NN Package and NNA Package 

1 
~~:t:: 

NW Package 

892 

Package not yet available 
Scheduled for 1977 release 

NO Package and NOA Package 
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PLASTIC: Power (Not Dual-In-Line) 

S Package 

I .. 6.21 (.2051 DIA. "1 
4.44(.175) 

J:-rrn­
'~4rmfJ SEATING PLANE 

12.71.5001 MIN. Don /3 LEADS 

~*____ LV ::~ :::~:: 

2.61/.1051 
2.41 (.095) 

~-+ ...... _ ... ~---OUTPUT 

GB Package 

2.67 /.1051 
4.014/.0801 

2.67 (.1051 

2.03(.080) 

Package not yet available 
Scheduled for 1971 release 

PH/PH A Package 

'H 
NOTE: 1. FRAM! MATERlAL­

COPPER. SILVER PLATED. 

PH 

111 
DENOTES 
"NI 

COMMON 

PH 

U Package 

16.37 (.806) 
f.i:ii (.5751 

3.061.'20I:::;:::::;;;;td:;:::::;;:~12~"U'~·"'~'C~ 2.54,.1001 i2.iii1.4751 

-------=rr.33 1.2101 

4.88(.1901 
iiiiiTeOi -j J-- 7.5°(2xIREF 

Jj~l ~~==E~:~====~ 
SEATING PLANE ----'----,-!f-L-L_7--13-,.28.L.-LH+-----l+~I.',51 

5.97(.2351 20411.0961 

4.821.190) 

2.79(."0) 
2.28(.090) 

NOTE: 1. LEAD MATERIAL -COPf'ER. NICKEL PLATED, SOLDER DIPPED. 

GC Package 

Si!lDotiCS 

Package not yet available 
Scheduled for 1971 release 

893 



HERMETIC: Metal Headers 

DA Package 
~22.23 (o.S751 MAX. DIA.l 

'-------1 -

11.43 {.4501 
635 (2501 3.43 1.135) MAX. 

,./~",I'-N' ---Irr-II-------'I.~.ATINGPLAN. 

11.18 (.4401 
10.87 1.420) 

3.01 {.115IDrA 

4.78 (.188) R. MAX. ..... "'" 

DB Package 

0.48(.019) 
0:41(:0161 

Termil'llli 
Connection. 
Pint-Input 
Pin 2-Output 
Case -Ground 

2 MOUNTING 
HOLES 4.091.1611 

i.ii4 (.1511 DIA. 

TERMINAL CONNECTIONS 
PIN t -INPUT 
PIN 2 - OUTPUT 
CASE - GROUND 

PIN NO. 1 
CONSTRUCTION NOTES: g., lOt, 118 

DC Package 

2 PINS ~ (.0431 DrA 
0.97 (.03B) . 

OIA. 

~~ ::~~::"I 

I~ 5.33(.210) 

4.321.1701 0.761.030) j __ f MAX. 

I -I 

14·"·.Ek·5601 j 12.70 /.500) n n n 4 LEADS 

U U U 0.48 (.019) 

_~~ 1.2301__ iiA1 (.0161 

5.31 (.2091 
OIA. 

CONSTRUCTION NOTES: 9b, fOb, l1b 

894 

CONSTRUCTION NOTES: 9b, fDb, l1b 

DE Package 
OlA ... 

I~H~:::::~I :' 
5.33 (.210) .." f 170) 0.761.030) __ f MAX. 

14.22!:l.560) j--'-
12.70 (.5001 n n n 4 LEADS 

U U U ~(.O'91 
_6.84 (.230) OAt (.016) 

5.i1 (.209) 
DlA. 

2.54 (,100) T.P. 

CONSTRUCTION NOTES: 9b, 1Dc, 11b 
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HERMETIC'M . etal Headers (cont'd.) 

T Package 

1_ ~::;::DIA. -I 
-I 
w.j:~:::~ r~:~~: 

t - I 
14.28 {,562J 
12.70 (.5001 -

I 0 0 0 0 0 I,! (040) 

I 
~(.210) 

_9.401.370) 9.02t.355j DIA.-

4.83 1.1 _90~I' _ -~A'~:O 

L Package 

o:Ji (.0151 INSULATOR 

~(.0191 
0.41 (.0161 DIA. 
8LEADS 

r~:::: 
~::;;;;;::;:;::;:=~ _ r~ ::::,NSULATOR 

CONSTRUCTION NOTE$; 9b, lOe, I1b 

~1.OI9) 
0.41 (.016}DIA. 
10 LEADS 

LQ!I,04Ol 
0.74(.028) 

\ 
T't'TY'. 

K Package 
I 8.26 (.325) 

t.- ,--8.00 i315i D1A.-! !!!!I (.030) 

~ 1.185) [0.51 1,0201 

4.19 ,-:165j 
II c=rm:::;:;:::::;:;;:;:;:::~ ~ 1.0451 1- ;- - r 0.38 (.015) INSULATOR 

14.28 (.562) 

12.70 1.5001 

j 
10 LEADS 
~1.(19) 

0.41 1.016} CIA. 

\ 
T"'TY' 

CONSTRUCTION NOTES: 9b, 101:, 11b 
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HERMETIC: Flat Packs 

WF Package 
[!] 

ffiil~l~~~'~L~EA!D~N~O~"r::::::::~:J~~~'~'~I'~~'~=;~;t-,:~;';::~!~J:~,;~j[ :c · t 8.60 I.HO) 
0.13 .006) r'31 6.10 (.2401 

MIN _ ~ I 5.21 (.20&1 
~4.951.1B51 

W, ::~: -4--:~: :::::---1 I '!!! I .• "J-~ ~ I,!!!' Iii' 
1----'---'-----"--'-- =~:: ::::-+1 0.38 (.015) 0.38 (.015) l!!J 

I I+-Il!l + 

~====~I~==fl~=-=~=-= __ ~*===: [!ill~' j I !,!!!,I .... '] illl .... '] 
0.08 (.0031 f.- 5!1 0.76 1.0301 0.61 (.0201 1.40 (.05&) 

CONSTRUCTION NOTES: 9c:, lOd, "c 

WJ Package 

LEADNo.l I!!I ---l 0.&1(,020) [!] ~IJ!!I 
I 1,14(.04&1 

j=[I~~3"'I.!!!!]' .l~, U4(.NOI lAO (.3701 

-.l I 
I t .... I .• 1I' --1- 0.38 (.0151 \ t!!!!.l~ .1. !!!!\illl-l I I!!I 8.38 (.330) --r--1.221.24&1 

.OOOMINII-------~::~:-------1. 

iHl1r- --.l 
L-===~I~~I~~~±~ T.;; ... , II J l 

0.01 1.0031 ~ I-- 0.76 (.030) 5!1 A¥,:~ ~ t= 
CONSTRUCTION NOTES: Ih, lOll, lie 

RJ and RJA Package 

...... .,N 

LEAD'No.'l!!] I 

D 
1.82(.080) 

1.Oi1:0401 

...l. 
LUII.01B) 

0.38(,016) 

I t· .. '370I-+',37I .... '--1 
RJA,'3~:611-__ ._38_'-_ ... _' ___ !!f~:1 

23.88 (.I4O';-------"i 
1!!l1~IDCONFIGURATION FORRJON~ 

~,~~~I ~31;;;;~~: 4:::::! ~ 1--0.781,0001 rw ~(~J [!:!!f~ 
l.!!.l 0.61(.112(1) 1.27(.0501 

RJA CONSTRUCTION NOTES: fie. 10., 11, 
Ad CONSTRUCTION NOTES: ltd. 10.. 11d 

WH Package 
0.13 (.00&) MIN m ~~ 

1.14(.04&) L IT!! LEAD NO. 1 0.&1 (.020) ~ r--

~;~E~L 8.38 (.330) 

~~~) 
0.31(.01&) 

7.87 1.310) I 8.80 (.ao) _ I I 
7.24 (.28&) ......- ii7(.236)----t 

1------~(.B80)-----... 
21.34 (.840) 

CONSTRUCTION NOTES: te, 1ad, 11c 

WN Package 

ffiJ 
L 
t 

,000 

0.61(.020) 

.'NC~I~' 
8.38(.3301 

-. 
0.48(.0191 
'ii:ii(:iiii) 

0.10 (.0041 MIN 

~ 
j 1 r-~ l I 0.15(.0081 

~0.78(.0301 

I 
2.16(.08&) 
1.40(.06&1 

0.08(.0031 

CONSTRUCTION NOTES: ta, 1Od. "11 

RNA Package 
0- 10.611.0201 

1..........-_ • .40{.3701 1 10.181.4001 'I 
r~-----"38 (.3301 --f- 1.'41.380) ~ 

t 
1.02(.0401 1 
i.iii.iiOl 

1---------------~:~:~1I~~:=~:~:.------------~ 

0 .... 1 .... :1, 1.02(.040) 

14.22(.&801 i 13."1_ 

t ~l:::: 0.411.0191 
<l.IBI.01S) 

•. ,.LIO' 

lill1 r-ue «I3O' -1 r- iHl ~::::: 
_I If-- =-± I 

2.1'(.086) 
1.271.0601 

rroToiiii f 
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HERMETIC: Flat Packs (cont'd.) 

RQA Package 

t
9.40(.370~ __ ~O"8('400J_ 
8.38(.3301 - 9.14 {.3601 

1--------- :.:::~::~ -----.., 
0,10(.004) 1 ~ 
O.llil.OO8J 1i-.Ji41 1 

j I I 
t==o.78I,03OII!!J 

CONSTRUCTION NOTES: 9c, lOt, 11, 

QF Package 
I LEADNO,1 

I ~ 

D L 
'-' ... ,31, .. , l.. 1!! (.3'" L !!! 1.20', J 
L!!l MIN r--'7.37c.:2:901 6.10(.240) 

~".J.6OI' ~··-tif-' 16.261.6401 

i 15.88I."&1 
,'4.991.5901 

a.411.0lS) 
0.38t.016) 

=± 
1 

1.02(.0401 
o.s1(,0201 

2.16(.085) 
1.27(,060) 

I 

0,48 (.019) TVP 
10.38(,0151 . 

=r f 
6.60 (.280) 

~ j • ''f''"' 

~------,:~~::~~::::~:.------~ 

L L ~t::: [!] 
~!~ t:~:: [!1 

0.79 (.031) 
ill (.OZO) J[!!Jr--

I I 
~ 1--•. 761.030' MIN. I 

I!!I -l 0.51 (.0201 

CONSTRUCTION NOTES: 9d, lOll, "c 

QJ Package 

LEADNo.llffi [!Jo.51f,D2D1 

t o .. 1.3701 I ~~ I 
[3i 'i:33Ol--t-- 8.22(.24&1-

I--------::::~:-------.j 
O.16(.0D81 

l'~1 

CONSTRUCTION NOTES: 9d, tOll, 11c 

---j 

I 
r-l!!Io.781.0301 

± 
t 

Q:!!f~ 
0.51(.020) 

[2.161.085J 
ill[.ii60) 

'!!! (.0751 
1.271.0501 

RWA Package 

0.61 {.0201~ i--0 .,r-~ 

1 r--~ 
\ I 

0.151.008) 
0.10(.004) 

1IIIIrlllili 

Illljlllllll 

CONSTRUCTION NOTES: 9c, 10e, n. 

QH Package 
LEAD NO. 1 ----' 

§i I 

!:!!(.3101 I ~(:!!!l I 
7.24 (:2i6i --t'-- 6. 10 (.240) --i 

I+-------~~:: t:: 

~ 0.76 (.0301 

§I 

CONSTRUCTION NOTES: 9d, ,000, 111; 

QN Package 

~ 
T 
.000 
MIN 

0.'11.020,_ 1--0 L§i 

Ir II 

1II1 
L-.9.40(.~___ 8.99f.27&J_ 
1_ 8.3i(.3301 --i:221.2461-

1--______ ,:.",4:!e .. 8~:::a;:;;0:--------I 

l 0.15 1.0081 
0.10(,0041 

1 =:1§1t= 0.76 {.0301 

I I 

CONSTRUCTION NOTES: Be. 1Od, "1: 

smnoties 

"521'060~1, 1,02 {.040} 
r'i1 24.381.9601 
L:J 23.88 (.9401 

15.88(.6251 
~ 15.09I.594J 

t 
0.48(.0191 
0.38(.015) 

f 
1.02(.0401 
0.61(.0201 

2.1S(.Da5) 
1.27 (.060) 

I 

0.48(.019) 
8.89 (.3601 

LT 
0.31 (,012) 

~ 1.91 (.0761 
1.27 (.050) 

f 
~1.0311 
0.51 (.0201 

J14.J .... ' 
•. 13.72(.5401 =* 1:::1:::: 0.481.019} 
0.38(.0161 

f 
0.79 (.031) 
rn (.020) 

T 

L.,OI .... , MIN ~ 
2.16(.0861 
1.27 (.0601 

! 
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HERMETIC: Flat Packs (cont'd.) 

OFA Package OHA Package 

1~~~~~-21.34Cii40)~~~~- LEAD NO.l@]t II-I'\. .~~~~- ;~.: :.::: ·1 ~ 21.84(.860) I 
"ADND"O'~M~'~NOO6I '= l1!1lI' 

+O'4~~:'I"'OI9~1;~~:~:~II~JII~_~o,,,~,.,0)!~,~~t 10. . --! 6.60(.2601--] "" 
-0:38(.015) ._1 1---;;'5i[iO(~ 1.14 (.045) MAX J 

Jo.~· MIN 
8.89 (.350) 
8.38 {.3l0} 

t 

I r~:::::m 

~ t ".,1.3101 

~. ,.37(901 I [ 
I 7.87 1.310) ~ ::~:: I r 7.24 (.285) ~ _.51 (.020) m 

L ~ e019) l ~4 (.045) MAX 
0.38 (.015) 

'1 r- ~ 1_0,76 uno) @] L 
1 1 2.16 (.0851 

clj==='"===t E=1'=========.i~~>T~"-::'08o) 
hl2~) ~(~)~~ __ I_ 
o.~o (.004) 420 (.165) 

CONSTRUCTION NOTES: 9d, 101. 11. 

1.27(.050) 
OTG{:030) 

OJA Package 
24.38 (.960) 

LEAD NO.l_~ ",1.~~~~~2_3_,"_'_.94_0_' ~~~~~. II 
~:~~::~~: [1] 

;~DBl1 10.29 {.405} - 9.14 (.360) 

'1':4 : d=='~ (MOl t ~ 
~r I ~~G~-

0.13 (.005) f-===--.c..;cc:,==-! ~.51 (.020) (II 0.38 (.OlS) 

~IN 1--25 =:d_r-- .76 (.030) @l t 
jF--~~"'J I~ 1 2.IH0851 

- ~ ---...l........ 1.78 (060) 

~:~~::~~:l ~~ ~ Ws::~~~:~ t 
5.08 1.200) ."._ __ 1.27 (.D50) 
4.57 (,180) 0.76 (.030) 

CONSTRUCTION NOTES: 9d, 10f, 1'e 

RKA Package 

898 

Package not yet available 
Scheduled for 1977 release 

1 -~~ r--0,'8{,03O>lj~ j 
j p====j-I-~~.l~2.18h{'0851 
~ ~ 1.78{.(60) 

0.15I.0061 W '~ 0,,,,.0"'] t 
0.10 (.004) o:2s' (.010) 

4.70 (.18S) 1.27 tosol 
4.2ii (.165) 0:76 (.0301 

CONSTRUCTION NOTES: 9d, lOt, l1e 

ONA Package 

.000 MIN 

/ .---

~. 23.88(.9401--~~ 
c..i .~~~~- 24.38(.960) ;1 
10.51 (.O2()) 4 r-m LEAD NO.1 B] 

CONSTRUCTION NOTES; ScI, lOf, l1c 
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FH Package 

c=-----------.!'I !*:~: I--~:~--I Filli=rr,ff-,;.::=:J- ----r-- 2.29 [.0901 ~::~r:f:5~ 
t~(.165) ~ 

3.181-:1251 T --r ~(.O'41""'-
T 1 0.20 (.008) 

......, -+--'~(.3951" I 
I 7.62[.3001~ 

~(.0981 
1.78[.070) ~t=: ~::~:[!] 

CONSTRUCTION NOTES: ge, IOd, l1c 

FK Package 
l.EADNO.l @] 

4.45[.176) 

23.50t925} 1iiiT.i45i" 

.Y(.m, Jtm! 
0.38 (.0151 I I ~:: :::.:: ---J 

--I f.- 1.78 (.070' 
0.76(.030) 

CQNST-RUCTION NOTES: Be, IOd, tIe 

FN Package 

CONSTRUCTION NOTES: 9c,.lOd,11a 

4.19(.165) 
3.18(.1201 

10.03/.395) I 
'.e21.SODI ' 

FJ Package 

'I 102(0401 8.13{32O) 

~~;~:::~~:::~;:::~::::~::::::::::::=-_ _ -"; "2OJ~ ~:::.~;:R) t m 
1_ ¥1 ~29I.D90) 

o 
2.79 {.1101 
2.29 (.0901 

CONSTRUCTION NOTES: 9c, fOd, 111: 

FM Package 
LEADNo.l 12 

I ~4'9(1661 t _ 318 (.125) 0.38 (.014) =----t I 0.20 1.008) 

.. 10.03 (.395) I 
121 (060) 7.62 (300) • 

0.38(.015) 

I 
--r;:n:;;n:;:;n:;7";:;nv=-r-n--~-J ~f' 

r,:::::::::~~ 

) ~2"'.'00' 
. -L f --:;:;;-P 

2-541.1001 lo.20f.OO8J 
0.84[.025) L_,.02I,040, 

0.38[.015) 

4.19(.165) i1iT.1i5, \"--12.57 (.496) 
10.16 {.4OD1 

CONSTRUCTION NOTES: 9c,. lOcI. lIe 
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HERMETIC: Laminated Ceramic, Side Brazed Lead 

lEA Package 

LEAD NO. 1 

I 
7.87(.3101 

~~=r~~~~==~~~~J 
I 13.97 (.560) I 
~'2.95(:51Oi-----l 

~12.951.510)----+-l 
I 12.46 1.4901 I 

l ~~:;;;:;:;;;i, 
T 

.13(.0061 MIN 

CONSTRUCTION NOTES: Be, tOf, 11c 

IJA Package 

~1.1101 [!] 
2.29(.090) 

'1.40(.0&&1 
i.i31.02S) 

t 

I ~(.3441 I 
f--7.111.2801-+i 

I ~[~~]JJ~ 
I lUll (.830) I 3.30 C. 120) 

18.80 1.7401 1.40 I:!!!!} 1 fi6 f.ijitiJ lffi 

~~~;;~~~~~;;~~",:!~~C-~~-­
i 
I II t~t'7&;-=' r-0.20I.OO8I 3.18(.12&) 

CONSTRUCTION NOTES: 91, lOf, 11c 

IMA Package 

CONSTRUCTION NOTES: h,101,11c 

900 

IHA Package 

CONSTRUCTION NOTES: II, lOf, 11; 

IKA Package 
Il!I L LEAD NO. 1 

r=-=r-~=-=-=~(:LJ 

f-c~d.=~~==~~o!==~"..J~J 
~--------f,:~,:~----------

CONSTRUCTION NOTES: l1li, lOf, 11c: 

&1!(."01 
2.29(.0901 

I NC Package and I NO Package 

CONSTRUCTION NOTES: 98, lOf, 11c, 11f (lND) 

GjgnDtiCG 
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HERMETIC: Laminated Ceramic, Side Brazed Lead (cont'd.) 

IQA Package IWA Package 

CONSTRUCTION NOTES: 98, '01. lie 

CONSTRUCTION NOTES: 98, lOf, 1h 

IZA Package 
LEAD NO. I @ 10 ~_ 

lhdi J m'05I"~1 '''''~OI~ 
~""':::""'::.4..:s: ~ ~ 1'_,781_,0701 2.031~~~8(~:r4 

J[Wl!~"]J[I"DO' I I~J' . 0."1.012, 

Y ¥ ~ ¥ ¥ ¥ ¥ Y 0.20(.0081 
-lUI- 1.62(.0801 2.791.1101 I 23.98(.9441 I 
--4~ 1.14(.046) l!!I2.29{.0901 4.451.1751 f---22.35I.880,-------l 

1.66(.085) 0.631.0211 3.181.125) 
0.78(.0301 0.38(.016) 

CONSTRUCTION NOTES: 9a.1Of.l1a 

9tgDDtiC9 901 
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SALIS orrlCIS 
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SIGNETICS OHIO MARYLAND WASHINGTON 
Worthington Glen Burni 

HEADQUARTERS Phone: (614) 888-7143 Microcom8' Inc_ 
Bellevue 

Phone: (3 1) 761-4600 Western Technical Sales 
Phone: (206) 641-3900 

811 East Arques Avenue 
Sunnyvale, California 94086 

TEXAS MASSACHUSETTS 
Phone: (408) 739-7700 Dallas Reading WISCONSIN 

Phone: (214) 661-1296 Kanan Associates Greenfield 
Phone: (617) 944-8484 L-Tec, Inc_ 

ALABAMA Phone: (414) 545-8900 
Huntsville REPRESENTATIVES MICHIGAN 

Phone: (205) 534-5671 Bloomfield Hills 

ARIZONA CALIFORNIA 
Enco Marketing 

DISTRIBUTORS Phone: (313) 642-0203 

Phoenix San Diego 

Phone: (602) 971-2517 Mesa Engineering MINNESOTA 
Phone: (714) 278-8021 ALABAMA 

Sherman Oaks 
Edina 

CALIFORNIA Astralonics 
Mel Foster Tech_ Assoc_ Huntsville 

Inglewood Phone: (213) 990-5903 
Phone: (612) 835-2254 Hamilton! Avnet Electronics 

Phone: (213) 670-1101 
Phone: (205) 533-1170 

Irvine 
MISSOURI 

Phone: (714) 833-8980 CANADA Earth City ARIZONA 
(213) 924-1668 Calgary, Alberta Advanced Technology Sales 

San Diego Philips Electronics Industries Ltd_ Phone: (314) 739-4048 Phoenix 

Phone: (714) 560-0242 Phone: (403) 243-2710 Hamilton! Avnet Electronics 

Sunnyvale Montreal, Quebec NEW JERSEY 
Phone: (602) 275-7851 

Phone: (408) 736-7565 Philips Electronics Industries Ltd_ Haddonfield Liberty Electronics 
Phone: (514) 342-9180 Thomas Assoc_ Inc_ Phone: (602) 257-1272 

COLORADO Ottawa, Ontario Phone: (609) 854-3011 

Parker Phillips Electronics Industries Ltd_ CALIFORNIA 
Phone: (303) 841-3274 Phone: (613) 237-3131 NEW MEXICO 

Scarborough, Ontario Albuquerque 
Costa Mesa 

FLORIDA Philips Electronics Industries Ltd_ The Staley Company, Inc_ Avnet Electronics 

Pompano Beach 
Phone: (416) 292-5161 Phone: (505) 821-4310111 Phone: (714) 754-6111 

Phone: (305) 782-8225 Vancouver, B_C. 
Schweber Electronics 

Philips Electronics Industries Ltd. NEW YORK Phone: (213) 537-4320 

ILLINOIS Phone: (604) 435-4411 Ithaca Culver City 

Rolling Meadows 
Bob Dean, Inc_ Hamilton Electro Sales 

Phone: (312) 259-8300 COLORADO 
Phone: (607) 272-2187 Phone: (213) 558-2173 

Denver NORTH CAROLINA EI Segundo 
INDIANA Barnhill Five, Inc. 

Noblesville Phone: (303) 426-0222 Cary Liberty Electronics 

Phone (317) 773-6770 
Montgomery Marketing Phone: (213) 322-8100 
Phone: (919) 467-6319 Mountain View 

CONNECTICUT 
KANSAS Newtown OHIO 

Elmar Electronics 
Phone: (415) 961·3611 

Wichita Kanan Associates Centerville 
Phone: (316) 683-5652 Phone: (203) 426-8157 Norm Case Associates Hamilton! Avnet Electronics 

Phone: (513) 433-0966 Phone: (415) 961-7000 

MARYLAND FLORIDA Fairview Park San Diego 
Columbia Altamonte Springs 

Norm Case Associates Hamilton! Avnet Electronics 
Phone: (301) 730-8100 Semtronic Associates 

Phone: (216) 333-4120 Phone: (714) 279-2421 
Phone: (305) 831-8233 Liberty Electronics 

MASSACHUSETTS Largo 
OREGON Phone: (714) 565-9171 

Woburn Semtronic Associates Portland 
Phone: (617) 933·8450 Phone: (813) 586-1404 Western Technical Sales Sunnyvale 

Phone: (503) 297-1711 Intermark Electronics 

MINNESOTA ILLINOIS 
Phone: (408) 738-1111 

TEXAS 
Edina Chicago 

Phone: (612) 835-7455 Austin CANADA 
L-Tec Inc. Cunningham Co. 
Phone: (312) 286-1500 Phone: (512) 459-8947 Downsview, Ontario 

NEW JERSEY Dallas Cesco Electronics 
Cherry Hill INDIANA Cunningham Co_ Phone: (416) 661-0220 

Phone: (609) 665-5071 Phone: (214) 233-4303 Mississauga, Ontario 
Piscataway Indianapolis 

Phone: (201) 981-0123 Enco Marketing Houston Hamilton! Avnet Electronics 
Phone: (317) 546-5511 Cunningham Company Phone: (416) 677-7432 

Phone: (713) 461-4197 
NEW YORK Montreal, Quebec 

Wappingers Falls KANSAS UTAH Cesco Electronics 

Phone: (914) 297-4074 Overland Park West Bountiful 
Phone: (514) 735-5511 

Woodbury, L.I. Advanced Technology Sales Barnhill Five, Inc. Zentronics Ltd. 
Phone: (516) 364-9100 Phone: (913) 492-4333 Phone: (801) 292-8991 Phone: (514) 735-5361 
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Ottawa, Ontario ILLINOIS MISSOURI OHIO 
Cesco Electronics 

Elk Grove Hazelwood Beechwood 
Phone: (613) 729-5118 

Schweber Electronics Hamilton! Avnet Electronics Schweber Electronics 
Hamilton! Avnet Electronics Phone: (312) 593-2740 Phone: (314) 731-1144 Phone: (216) 464-2970 
Phoned613) 226-1700 Elmhurst Cleveland 

Zentronics Ltd. Semiconductor Specialists NEW MEXICO Arrow Electronics 

Phone: (613) 238-6411 Phone: (312) 279-1000 Albuquerque Phone: (216) 464-2000 
Schiller Park Hamilton! Avnet Electronics Hamilton! Avnet Electronics 

Toronto, Ontario Hamilton! Avne! Electronics Phone: (505) 765-1500 Phone: (216) 461-1400 
Zentronics Ltd. Phone: (312) 671-6082 Pioneer Standard Electronics 
Phone: (416) 789-5111 NEW YORK Phone: (216) 587-3600 

Vancouver, B.C. INDIANA Buffalo Dayton 
Bowtek Electronics Co., Ltd. Indianapolis Summit Distributors Arrow Electronics 
Phone: (604) 736-1141 Sem iconductor Specialists Phone: (716) 884-3450 Phone: (513) 253-9176 

Ville SI. Laurent, Quebec Phone: (317) 243-8271 East Syracuse Hamilton! Avnet Electronics 

Hamilton! Avnet Electronics Hamilton! Avnet Electronics Phone: (513) 433-0610 

Phone: (514) 331-6443 KANSAS Phone: (315) 437-2642 Pioneer Standard Electronics 
Farmingdale, U. Phone: (513) 236-9900 

Lenexa Arrow Electronics 
COLORADO Hamilton! Avnet Electronics Phone: (516) 694-6800 OKLAHOMA 

Phone: (913) 888-8900 
Commerce City Rochester Tulsa 

Component Specialties 
Elmar Electronics MARYLAND Hamilton! Avnet Electronics Phone: (918) 664-2820 
Phone: (303) 287-9611 Phone: (716) 442-7820 

Baltimore Schweber Electronics TEXAS 
Denver Arrow Electronics Phone: (716) 461-4000 

Hamilton I Avnet Electronics Phone: (301) 247-5200 Dallas 
Phone: (303) 534-1212 Gaithersburg Westbury, L.I. Component Specialties 

Hamilton! Avnet Electronics Phone: (214) 357-4576 
Pioneer Washington Electronics Phone: (516) 333-5800 Hamilton! Avnet Electronics Phone: (301)948-0710 

CONNECTICUT Hanover Schweber Electronics Phone: (214) 661-8661 

Danbury Hamilton! Avnet Electronics Phone: (516) 334-7474 Quality Components 
Phone: (301) 796-5000 Phone: (214) 387-4949 

Schweber Electronics 
Rockville 

NORTHERN NEW JERSEY Schweber Electronics 
Phone: (203) 792-3500 

Schweber Electronics Cedar Grove Phone: (214) 661-5010 

Georgetown Phone: (301)881-2970 Hamilton! Avnet Electronics Houston 
Hamilton! Avnet Electronics Phone: (201)239-0800 Component Specialties 
Phone: (203) 762-0361 MASSACHUSETTS Saddlebrook Phone: (713) 771-7237 

Hamden Waltham Arrow Electronics Hamilton! Avnet Electronics 
Arrow Electronics Schweber Electronics Phone: (20ll 797-5800 Phone: (713) 780-1771 
Phone: (203) 248-3801 Phone: (617) 890-8484 SOUTHERN NEW JERSEY Quality Components 

Woburn AND PENNSYLVANIA Phone: (713) 772-7100 

FLORIDA 
Arrow Electronics Schweber Electronics 
Phone: (617) 933-8130 Cherry Hill, N.J. Phone: (713) 784-3600 

Ft. Lauderdale Hamilton! Avnet Electronics 
Milgray-Delaware Valley 

Arrow Electronics Phone: (617) 933-8000 
Phone: (609) 424-1300 UTAH 

Phone: (305) 776-7790 Moorestown, N.J. Salt lake City 

Hamilton! Avnet Electronics MICHIGAN Arrow! Angus Electronics Alta Electron ics 
Phone: (609) 235-1900 Phone: (801) 486-7227 

Phone: (305) 971-2900 livonia Mt. laurel, N.J. Hamilton! Avnet Electronics 

Hollywood Hamilton! Avnet Electronics Hamilton! Avnet Electronics Phone: (80ll 972-2800 

Schweber Electronics Phone: (313) 522-4700 Phone: (609) 234-2133 
Phone: (305) 922-4506 Troy WASHINGTON 

Schweber Electronics CENTRAL NEW JERSEY Bellevue 
Orlando Phone: (313) 583-9242 AND PENNSYLVANIA Hamilton! Avnet Electronics 

Hammond Electronics Somerset, N.J. Phone: (206) 746-8750 
Phone: (305) 241-6601 MINNESOTA Schweber Electronics Seattle 

Eden Prairie Phone: (20ll469-6008 Intermark Electronics 
GEORGIA Schweber Electronics Horsham, PA Phone: (206)767-3160 

Atlanta 
Phone: (612) 941-5280 Schweber Electronics liberty Electronics 

Schweber Electronics Edina Phone: (215) 441-0600 Phone: (206) 763-8200 

Phone: (404) 449-9170 Hamilton! Avnet Electronics NORTH CAROLINA WISCONSIN Phone: (612) 941-3801 
Norcross MinneapoliS Greensboro New Berlin 

Hamilton! Avnet Electronics Semiconductor Specialists Hammond Electronics Hamilton! Avnet Electronics 
Phone: (404) 448-0800 Phone: (612) 854-8841 Phone: (919) 275-6391 Phone: (414) 784-4510 
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FOR SIGNETICS FINLAND JAPAN SPAIN 

PRODUCTS Oy Philips Ab Signetics Japan, Ltd. Copresa S.A. 

WORLDWIDE: Helsinki Tokyo Barcelona 
Phone: 17271 Phone: (03) 230-1521 Phone: 329 63 12 

ARGENTINA FRANCE KOREA 
Philips Elect Korea Ltd. SWEDEN 

Fapesa l.y.C. R.T.C. Seoul Elcoma A.B. Buenos-Aires Paris Phone: 44-4202 
Phone: 652·7438/7478 Phone: 355-44-99 Stockholm 

MEXICO Phone: 08/67 97 80 
AUSTRIA GERMANY Electronica S.A. de C.V. 

Osterreichische Philips Valvo Mexico OJ. SWITZERLAND 

Wien Hamburg Phone: 533·1180 
Philips A.G. 

Phone: 93 26 11 Phone: (040) 3296-1 NETHERLANDS Zurich 

AUSTRALIA HONG KONG Philips Nederland B.V. 
Eindhoven 

Phone: 01/44 2211 

Philips Industries·ELCOMA Philips Hong Kong, Ltd. Phone: (040) 79 33 33 TAIWAN 
Lane-Cove, N.S.W. Kwuntong 

NEW ZEALAND Phone: 421261 Phone: 3-427232 Philips Taiwan, Ltd. 

INDIA 
E.D.A.C., Ltd. Taipei 

BELGIUM Wellington Phone: (02) 551-3101-5 
Semiconductors, Ltd. Phone: 873 159 

M.B.L.E. 
Brussels (REPRESENTATIVE ONLY) NORWAY THAILAND/LAOS 
Phone: 5230000 Bombay 

Electronica A.S. Saeng Thong Radio, Ltd. Phone: 293-667 
Oslo Bangkok BRAZIL INDONESIA Phone: (02) 15 05 90 Phone: 527195, 519763 

.Ibrape, S.A. P.T. Philips·Ralin Electronics PAKISTAN 
Sao Paulo Jakarta Elmac Ltd/Karin Chambers UNITED KINGDOM Phone: 284-4511 Phone: 581058 Karachi 

CANADA Phone: 515-122 Mullard, Ltd. 
IRAN London 

Philips Electron Devices PHILIPPINES Phone: 01-580 6633 
Toronto 

Berkeh Company, Ltd. Philips Industrial Dev., Inc. Tehran 
Phone: 425·5161 Phone: 831564 Makata-Rizal UNITED STATES 

Phone: 868951-9 
CHILE ISRAEL Signetics International Corp. 

Philips Chilena S.A. 
SINGAPORE/MALAYSIA Sunnyvale, California 

Rapac Electronics, Ltd. Philips Singapore Pte., Ltd. Phone: (408) 739·7700 
Santiago Tel Aviv Toa Payoh Phone: 39-4001 Phone: 477115-6·7 Phone: 538811 VENEZUELA 

DENMARK ITALY SOUTH AFRICA Industrias Venezolanas 
Miniwatt A/S Philips S.p.A. E.D.A.C. (PTY), Ltd. Philips S.A. 

Kobenhavn Milano Johannesburg Caracus 
Phone: (01)69 16 22 Phone: 2-6994 Phone: 24-6701-3 Phone: 360-511 
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7520 
7522 
7524 
7528 
75S107 
75S108 
75S207 
75S208 
75232 
75234 
75324 

55175325 
55/75450B 
55/75451B 
55175452B 
55/75453B 
55175454B 

CA3081 
CA3082 
CA3089 
DS3611 
DS3612 
DS3613 
DS3614 
DS7820 
DS8820 
DS7820A 
DS8820A 
DS7830 
DS8830 
DS8880 
DS8880-1 

LF155/155A 
LF156/156A 
LF157/157A 
LF255 
LF256 
LF257 
LF355/355A 
LF356/356A 
LF357/357A 

LH2101A 
LH2108/2108A 
LH2111 
LH2201A 
LH2208/2208A 
LH2211 
LH2301A 
LH2308/2308A 
LH2311 

LM101 
LM101A 
LM107 
LM108 
LM108A 
LM109 
LM111 
LM119 

Dual Core Memory Sense Amplifier ................................................... 304 
Dual Core Memory Sense Amplifier ..........•........................................ 304 
Dual Core Memory Sense Amplifier ................................................... 304 
Dual Core Memory Sense Amplifier ................................................... 304 
High Speed Dual Line Receiver ....................................................... 347 
High Speed Dual Line Receiver ....................................................... 350 
High Speed Dual Sense Amplifier for MOS Memories ................................... 298 
High Speed Dual Sense Amplifier for MOS Memories ................ , .............. , . .. 301 
Dual Core Memory Sense Amplifier .................................................. .304 
Dual Core Memory Sense Amplifier ....................... ,........................... 304 
Memory Driver with Decode Inputs ..................................................... 317 
Memory Driver ........................................................................ 292 
Dual Peripheral Positive Driver ........................................................ 354 
Dual Peripheral Positive Driver ........................................................ 354 
Dual Peripheral Positive Driver ........................................................ 354 
Dual Peripheral Positive Driver ........................................................ 354 
Dual Peripheral Positive Driver ........................................................ 354 
Seven Transistor Array ............................................................... 387 
Seven Transistor Array ..................................... .. . . . •. . . . . . . . . . . . . . . . . . . .. 387 
FM IF System ...................................................................... :. 487 

High Voltage Peripheral Driver ........................................................ 325 
High Voltage Peripheral Driver ........................................................ 325 
High Voltage Peripheral Driver ........................................................ 325 
High Voltage Peripheral Driver ........................................................ 325 
Dual Line Receiver .......... ... . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 329 
Dual Line Receiver ..........•......................................................... 329 
Dual Line Receiver .................................................................... 331 
Dual Line Receiver .................................................................... 331 
Dual Differential Line Driver. . . . . . . .. . . . . . . .. . . . . .. .. . .. .. . .. .. . .. .. .. . . .. .. .. . .. .. .... .335 
Dual Differential Line Driver. . . . .. .. . . . . . .. .. .. . . . . .. .. . .. . . . .. . .. .. .. . .. .. . .. . .. . . .. .. 335 
High Voltage 7- Segment Decoder/Driver .............................................. 423 
High Voltage 7- Segment Decoder/Driver .............................................. 423 
High Performance JFET Input Op Amp (Low Supply Current) ........................... 13 
High Performance JFET Input Op Amp (Wide Band) .................................... 13 
High Performance JFET Input Op Amp (Wide Band) .................................... 13 
High Performance JFET Input Op Amp (Low Supply Current) ........................... 13 
High Performance JFET Input Op Amp (Wide B.and) .................................... 13 
High Performance JFET Input Op Amp (Wide Band) .................. ,................. 13 
High Performance JFET Input Op Amp (Low Supply Current) ........................... 13 
High Performance JFET Input Op Amp (Wide Band) .................................... 13 
High Performance JFET Input Op Amp (Wide Band) ,................................... 13 

High Performance Amplifier ........................ , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 
Precision Operational Amplifier .................................... ;.................. 40 
Voltage Comparator .................................................................. 257 
High Performance Amplifier. . . . . . . . .. . . . . . . .. . . .. . .. .. .. . .. . . .. . .. . .. .. . . . .. .. .. . . . .. . 26 
Precision Operational Amplifier ....................................................... 40 
Voltage Comparator .................................................................. 257 
High Performance Amplifier.. . . . . . . .. . . . .. . .. . ... . . . .. .. .. . .. . .. . .. .. . . . . . . . .. .. . .. .. . 26 
Precision Operational Amplifier ....................................................... 40 
Voltage Comparator ............ ;..................................................... 257 
High Performance Amplifier.. . . .. . .. . . . .. . . ... . .. . .. .. .. . . . ... .. . .. .. . .. . .. . .. .. . . . . .. 26 
High Performance Amplifier ....................... ;.. . .. . . . . ... . ..... ... . . .. .. .. .. . .. . 26 
General Purpose Operational Amplifier .............................................. :. 36 
Precision Operational Amplifier ....................................................... 40 
Precision Operational Amplifier ..................................... ,................. 40 
Five Volt Regulator ..........................................•........................ 137 
Voltage Comparator ................................................................... 257 
Dual Voltage Comparator ............................................................. 260 
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LM124A 
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LM158A 
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LM219 
LM224 
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LM339 
LM339A 
LM340 
LM358 
LM358A 
LM381 
LM381A 
LM382 
LM387 
LM393 
LM393A 
LM2901 
LM2903 
MC1327 
MC1408-7 
MC1408-8 
MC1456 
MC1458 
MC1488 
MC1489 
MC1489A 
MC1496 
MC1508-8 
MC1556 
MC1558 
MC159.6 
MC3302 
NE502 
NE/SE510 
NElSE511 
NE/SE515 
NE521 
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General Purpose Single Supply Operational Amplifier .......••...........•............. 49 
General Purpose Single Supply Operational Amplifier ......•........................... 49 
Quad Voltage Comparator .......................................•.................... 265 
Quad Voltage Comparator ............................................................ 265 
General Purpose Single Supply Operational Amplifier ......................•........... 49 
General Purpose Single Supply Operational Amplifier .................................. 49 
Low Power Dual Voltage Comparator.. . .. .. .. .. .. .. .. .. . .. .. .. .. .. .. .. .. .. .. .. .. . .. ... 270 
Low Power Dual Voltage Comparator. . . .. .. .. .. . .. .. .. . .. . .. .. .. .. .. . .. .. .. .. .. . . .. ... 270 
High Performance Amplifier ...................................••...................... 26 
High Performance Amplifier ............... ' ............... '~ . . . . . . . • . . . . . . . . . . . . . . . . . . . . 26 
General Purpose Operational Amplifier ...........•...............•.. ;................. 36 
Precision Operational Amplifier .................................•..................... 40 
Precision Operational Amplifier ................................•...................... 40 
Five Volt Regulator ........................................•.•........................ 137 
Voltage Comparator ................................................................... 257 
Dual Voltage Comparator .........................................•................... 260 
General Purpose Single Supply Operational Amplifier .......... ;....................... 49 
General Purpose Single Supply Operational Amplifier .................................. 49 
Quad Voltage Comparator ............................................................. 265 
Quad Voltage Comparator .......................................•.................... 265 
General Purpose Single Supply Operational Amplifier ...... ;........................... 49 
General Purpose Single Supply Operational Amplifier .................................. 49 
Low Power Dual Voltage Comparator .................................................. 270 
Low Power Dual Voltage Comparator.. .. . .. . .. . . .. ... .. .. . .. . .. . .. .... .. .. .. .. .. .. .... 270 
High Performance Amplifier.. .. .. . .. .. .. .. .. .. .. .. . .. ...... .. .. .. .... .. .. .. . .. .. .. .. ... 26 
General Purpose Operational Amplifier ................................................ 26 
Precision Operational Amplifier ....................................................... 40 
Precision Operational Amplifier .....................................•................. 40 
Five Volt Regulator .......................................•........................... 137 
Voltage Comparator ...................................................•.............. 257 
Dual Voltage Comparator ............................................................. 260 
General Purpose Single Supply Operational Amplifier ..............•................... 49 
General Purpose Single Supply Operational Amplifier .................................. 49 
Quad Voltage Comparator ................................•....•....••................ 265 
Quad Voltage Comparator .............................................•.........•.... 265 
Three Terminal Positive Voltage Regulator... .. . ....... . ...... .. .. .......... ..... ...... 140 
General Purpose Single Supply Operational Amplifier .................................. 49 
General Purpose Single Supply Operational Amplifier' .. ....... ... . ........•. .. . ........ 49 
Dual Low-Noise Preamp .............................................................. 463 
Dual Low-Noise Preamp ..................................•........•.................. 463 
Dual Low-Noise Preamp ............................................•................• 466 
Dual Low-Noise Preamp ........................................•.......••............ 469 
Low Power Dual Voltage Comparator. . . . . . . . . . . . . . . .. . . . . • .. .. . . . . .... . . . .. . . . . . . . . .... 270 
Low Power Dual Voltage Comparator .................................................. 270 
Quad Voltage Comparator .................. : ................•...... ;................. 265 
Low Power Dual Voltage Comparator. . .. .. .. .. .. .. .. .. . . .. .. .. . .. .. .. .. .. .. .. . .. . .. ... 270 
C.hroma Demodulator.. .. .. . . ....... . . . ...... .. . . .•.... . ........ ...... ..•....... . . .... 515 
8-Bit Multiplying D/A Converter....... ....... ....••.... . ...... .. ...••••....•... ... ..... 439 
8-Bit Multiplying D/A Converter ............••....••.•..••....•••........•••.•..•....••• 439 
High Performance Operational Amplifier .........................•.•................... 57 
General Purpose Operational Amplifier. . • . . . . . . . . . . . •. . . . . . • . • •• . . . • . . . . . • . . • . • . . . . . . . . 60 
Quad Line Driver ................•.........................................•.......... 337 
Quad Line Receiver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 340 
Quad Line Receiver ............................................•. '. . . . . . . . . . . . . . . . . . . .. 340 
Balanced Modulator-Demodulator •....................................•.....•......... 492 
8-Bit Multiplying D/A Converter....... ... ....•. . ....•.... .•......•.. ...•.....•.•. . ...•• 439 
High Performance Operational Amplifier ............•...................•.•.•....•..... 57 
General Purpose Operational Amplifier. . . . . . . . . • . . . . • . . . . • . . • • . . • . . • • • . . . . . . . • . . . . . • . • • 60 
Balanced Modulator-Demodulator ..................................................•.. 492 
Quad Voltage Comparator ...........•.................•......••...................... 265 
Analog Bucket Brigade Delay Line .................................................... 391 
Dual Differential Amplifier ................••. ;........................................ 373 
Dual Differential Amplifier •.........................•..........•............•.......•. 373 
Differential Amplifier ........................................•..•... 0'.................. 67 
High Speed Dual Differential Comparator/Sense Amp ...................••............. 273 
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High Speed Dual Differential ComparatorlSense Amp .................................. 276 
Voltage Comparator .................................................................. 279 
Voltage Comparator .................................................................. 283 
High Slew Operational Amplifier .......................................... ;........... 607 
High Slew Rate Operational Amplifier ................................................. 70 
Dual Operational Amplifier Single or Dual Power Supply Operation ..................... 70 
Dual Operational Amplifier Single or Dual Power Supply Operation ..................... 70 
Single High Slew Rate Operational Amplifier ........................................... 80 
FET Input Operational Amplifier. . . . .. ... . . ... . ... . .. . .. .... . ... . .. . .. .. . . .. ... .. . .. ... 85 
Single High Slew Rate Operational Amplifier ........................................... 90 
Power Driver ......................................................................... 472 
High Voltage Power Driver ............................................................ 477 
Dual Low-Noise Preamp .............................................................. 479 
Servo Amplifier. . . . .... . . . .... . . . .. .. ... . . . . .. ... . ... . ... . .. ... . ... .. . .. . ..... .. . ... .. 555 
Servo Amplifier ....................................................................... 557 
AM Radio Receiver Subsystem .......................................................• 495 
Precision Adjustable Regulator. . . . ... . .. . . .. .. ... . .. . .... ... ... . ... ...... .. .... . . .. ... 148 
Timer ................................................................................ 243 
Timer ................................................................................ 243 
Timer ................................................................................ 243 
Dual Timer ........................................................................... 246 
Dual Timer ........................................................................... 246 
Dual Timer ............................................................................ 249 
Dual Timer.. . . . . .... . . . . . . . .. . .. . . . ... . . . . . .... .. .. ... ... . . ... . .. . .. .. .. . . ... . .. . . ... 249 
Dual Timer ........................................................................... 249 
Quad Timer .......................................................................... '252 
Quad Timer ........................................................................... 252 
Phase Locked Loop .................................................................. 565 
Phase Locked Loop .................................................................. 570 
Phase Locked Loop .................................................................. 576 
Phase Locked Loop .................................................................. 583 
Phase Locked Loop .................................................................. 586 
Function Generator ......... ;......................................................... 591 
Tone Decoder/Phaser Locked Loop ................................................ ~.. 594 
Compandor .......................................................................... 482 
Compandor ......................................................•................... 482 
PLL Frequency Synthesizer ........................... ;............................... 499 
Bar-Graph Logic Circuit .............................................................. 426 
Hex Universal Driver... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 430 
Cathode Driver ....................................................................... 433 
Anode Driver ......................................................................... 435 
LED Display Driver ................................................................... 607 
LED Display Driver ................................................................... 607 
Addressable Peripheral Driver ......................................................... 608 
Addressable Peripheral Driver ......................................................... 608 
Video Amplifier....................................................................... 123 
Servo Amplifier. . . . ..... . . . ..... . . . ...... . .. . .. . ... .... .... . ... . ... ...... ..... .. . ... .. 557 
8-Bit High Speed Multiplying D/A Converter............................................ 445 
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High Slew Operational Amplifier ..........................•................•.......... 607 
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Dual Polarity Regulator ............ ' ....•............ ' .... ; .................................. 143 
Balanced Modulator-Demodulator ................... : ... ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 492 
Dual Operational Amplifier Single or Dual Power 
Supply Operation ....................................................................... 70 
General Purpose Single Supply Operational Amplifier ' ............... ; ................ ,'. 49 
Operationa] Amplifier ................................................................ ". tOO 
Precision voitage Regulator............................................................ 155 
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